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PKEFACE. 


Tins  Work  was  originally  intended  as  a text-book  for  the  use  of 
the  Chemical  Students  in  the  Royal  Institution,  but  the  reception 
of  the  first  edition  by  the  Public,  its  translation  into  French, 
German,  and  Italian,  and  its  republication  in  America,  induced 
me  to  endeavor  to  render  it  more  worthy  of  such  marks  of  appro- 
bation, and  accordingly  it  has  been  enlarged  and  improved  in 
several  successive  Editions.  I hope  that  it  now  contains  a faith- 
ful outline  of  the  present  state  of  Chemistry,  adapted  for  the 
instruction  of  the  beginner,  and  for  the  use  of  the  Student  in  this 
delightful  branch  of  Experimental  Philosophy:  writing  therefore 
for  the  uninitiated,  and  for  the  learner,  much  has  been  sacrificed  to 
perspicuity,  and  to  simplicity  of  detail.  I must  at  the  same  time 
observe,  that  Chemistry  is  not  what  it  was;  that  with  whatever 
intention  the  pupil  enters  upon  its  study,  it  will  require  labor  and 
thought  to  become  usefully  acquainted  even  with  its  elementary 
details;  and  that  to  reap  advantages  from  its  application,  either  to 
the  purposes  of  the  multitudinous  Arts  which  are  dependent  upon 
it,  or  to  the  extension  of  the  Sciences  which  are  leagued  with  it, 
will  perhaps  demand  more  time  and  study  than  he  is  aware  of.  I 
believe  that  the  depths  of  Chemistry  are,  with  the  aids  which  it 
now  enjoys,  more  easily  fathomed  than  those  of  most  other  branches 
of  Physical  Science,  and  am  certain  that  it  is  admirably  calculated 
to  awaken,  and  to  gratify  curiosity,  in  regard  to  the  phenomena 
both  of  Nature  and  of  Art;  but  it  is  not  now,  as  formerly,  the  bare 
history  ^‘of  the  effects  of  heat  and  mixture;”  those  who  enter 
seriously  upon  its  study  must  be  prepared  for  some  intellectual 
exertion  and  mental  labor:  they  will  then  find  that  its  connexion 
with  other  Sciences,  with  the  arts  of  life,  and  with  the  phenomena 
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of  nature,  is  such,  as  to  render  it  at  once  useful  and  popular,  and 
an  essential  in  the  range  of  a liberal  education. 

But,  though  chiefly  addressed  to  the  Student,  I am  not  without 
hope  that  this  Manual  will  be  approved  by  the  practical  and  expe- 
rimental Chemist,  especially  by  the  Teacher  of  the  Science : to 
such,  I have  endeavored  to  recommend  it,  by  copious  references 
to  authorities,  and  by  abstracts  of  practical  directions.  Should  it 
in  these  respects  prove  a work  of  reference  worthy  of  occasional 
consultation,  another  object  will  be  answered. 

In  conse(|uence  of  the  popular  applications  of  Chemistry,  and 
its  extensive  connexion  with  the  useful  and  ornamental  Arts,  and 
with  the  Sciences  at  large,  the  general  reader  finds  it  often  forced 
upon  him;  its  terms  are  of  frequent  occurrence,  and  its  language 
is  in  daily  use : I have,  therefore,  added  to  this  W ork,  a copious 
Index,  intended  in  some  measure  to  supply  the  place  of  a Chemical 
Dictionary. 

In  conclusion,  I have  to  observe,  that  the  note-books  of  my 
Lectures  have  served  as  the  foundation  of  the  present  volume,  and 
that  these  include  a miscellaneous  collection  of  original  and  bor- 
rowed information:  although,  therefore,  I have  endeavored,  as  far 
as  possible,  to  refer  to  authorities,  and  to  cite  the  sources  of  my 
statements,  I fear  that  I may  often  have  unintentionally  omitted 
such  acknowledgments.  The  systematic  and  elementary  works 
which  I have  principally  consulted,  are  those  of  Dr.  William  Henry, 
Dr.  Thomas  Thomson,  Dr.  Edward  Turner,  Professor  Daniell, 
and  Professor  Graham;  and  of  Berzelius,  Dumas,  Gmelin,  Mits- 
cherlich,  Thenard,  Liebig,  and  Lowig;  and  the  Dictionaries  of 
Messrs.  Aikin,  and  Dr.  Ure ; together  with  the  Transactions  of 
the  Royal  Society,  and  the  English  and  Foreign  Journals ; among 
the  latter,  the  Annales  de  Chimie  et  Physique,  the  Journal  de  Cliimie 
et  Pharmacie,  Poggendorff’s  Journal,  and  Liebig’s  Annalen  der 
Chemie  und  Pharmacie,  are  especially  rich  in  original  Chemical 
information. 

The  general  method  which  I have  adopted,  of  representing  the 
Atomic,  Equivalent,  and  Percentage  composition  of  bodies,  is 
that  originally  employed  by  Leopold  Gmelin  in  his  excellent 
Handhuch  der  Theoretischen  Chemie;  it  saves  repetition,  and  brings 
much  information  before  the  eye  of  the  Student,  in  a clear  but 
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condensed  form;  I insert  the  following  statement  of  the  composi- 
tion of  Nitrous  Oxide,  as  an  explanatory  specimen  of  one  of  these 
tables,  in  its  most  general  and  extended  form. 

I.  II.  III.  IV.  V.  VI.  VII.  VIII.  IX.  x. 

A.  E.  Pr.Cent.  Davy.  Berzelius.  Higgins.  Vols.  Sp.Gr.  100  C.I. 
Nitrogen  ....  1 ....  14  ....  63-G  ....  63*3  ....  62*5  ....  60  ....  I'O  ....  0-97  ...  30  16 

Oxygen  ....  1 ....  8 ....  36-4  ....  367  ....  37  5 ....  40  ....  0*5  ....  0'55  ....  17-05 

Nitrous  oxide  1 22  lOO'O  lOO'O  lOO’O  100  1*0  1*52  47'21 

The  first  column  (I.)  contains  the  component  elements  of  ni- 
trous oxide ; (II.)  shows  that  1 atom  of  nitrous  oxide  is  composed 
of  1 atom  of  nitrogen  and  1 of  oxygen;  (III.)  shows  the  equivalent 
weight  of  an  atom  of  nitrogen  = 14  and  an  atom  of  oxygen  = 8, 
producing  an  atom  of  nitrous  oxide  = 22;  (lY.)  shows  the  compo- 
sition per  cent,  calculated  from  the  theoretical  equivalents;  (V.) 
(YIo)  and  (VII.)  show  the  experimental  results  of  the  analyses  of 
Davy,  Berzelius,  and  Higgins,  and  enable  us  to  compare  them 
with  the  calculated  or  theoretical  composition ; (VIII.)  shows  that 
1 volume  of  nitrogen  and  half  a volume  of  oxygen,  constitute  1 
volume  of  nitrous  oxide ; (IX.)  shows  that  the  specific  gravity  of 
nitrogen  being  0*97  and  half  the  specific  gravity  of  oxygen  being 
0*55,  the  specific  gravity  of  nitrous  oxide  will  be  0*97  4- 0*55  = 
1*52;  (X.)  shows  that  the  weight  of  100  cubic  inches  of  nitrogen 
being  30*16  grains,  and  of  50  cubic  inches  oxygen  being  17*05 
grains,  the  weight  of  100  cubic  inches  of  nitrous  oxide  will  be 
47*21  o-rains. 

O 
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259j  line  15,  after  Gmelin,  insert  as  given  in  column  D. 

295,  „ 6,  for  nobody,  read  no  body. 

309,  the  maximum  of  density  of  water,  as  stated  at  page  33,  should  have 

been  again  referred  to  in  this  page.  The  recent  experiments 
of  Playfair  and  Joule  (Mem.  Chem.  Soc.  III.  204),  place  it  at 
39°*1  Fahrenheit. 

310,  line  9,  for  100  cubical  inches  weighing,  read  100  cubical  inches  of 

steam  weigh. 

406,  „ 6,  for  2 atoms,  read  1 atom. 

408,  „ 31,  for  gas,  read  gases. 

415,  „ 5,  for  scruple,  read  sample. 

425,  ,,  19  from  bottom,  for  into  composition,  read  into  the  composition. 
431,  „ 20  from  bottom, /or  Hydrururet,  reao?  Hydruret. 

468,  „ 9 from  bottom,  for  Ca  Os,  read  Ca  02. 

569,  „ 20,  for  KI  and  Zn  O + CO2,  read  KI  + Zn  O,  CO2. 

573,  „ 7 from  bottom,  for  hydrogen,  read  nitrogen. 

584,  „ 16,  for  product,  read  process. 

584,  „ 29,  for  4S,  read  4S. 

587,  „ 5 from  bottom,  for  2 atoms  of  nitre  and  1 of  sulphuric  acid, 

read  1 atom  of  nitre  and  2 of  sulphuric  acid. 

593,  „ 21,/or  Pealash,  Pearlash. 

610,  „ 24,  for  effervesce,  read  effloresce. 

612,  ,,  19  from  bottom,  for  anhydrous  fluoric,  read  hydrofluoric. 

629,  in  the  table ; after  boracic,  insert  acid. 

632,  line  19  from  bottom,  for  Li,  read  L. 

640,  ,,  9 from  bottom,  for  chlorine,  read  chloride. 

641,  ,,  11,  for  imbibed,  read  imbued. 

669,  „ 7 from  bottom,  for  phosphuret  of  baryta,  read  phosphuret  of 

barium. 

690,  line  10  from  bottom,  for  NHt  0,  MgO,  PO5,  read  NH4  O,  2Mg  O, 
PO5. 
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698,  „ 17  from  bottom,  for  mangnesia,  read  magnesia. 

726,  „ 22  from  bottom,  for  2F,  read  2Fe. 

782,  „ 10,  for  HN4,  read  NIL. 

831,  „ 11,  omit  the  words  and  in  nitric  acid  with  the  separation  of 
sulphur. 

850,  „ 11,  for  3C02  = CO,  read  3C02  + CO. 

873,  „ 5 from  bottom,  for  5S2,  read  5SO2, 

977,  ,,  17,  for  Protochloride,  read  Dichloride. 

1023,  „ 16  from  bottom,  for  Na  O,  read  2Na  O. 

1062,  „ 6 from  bottom,  for  2PO2,  read  2Pt02. 

1227,  „ 19,  for  xanthoproteic  acid,  read  glutine. 

1379,  „ 8,  for  C16  H18  O24,  read  C26  H18  Ol4. 
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HISTORICAL  SKETCH  OF  THE  PROGRESS 


OF 


CHEMICAL  PlIILOSOrilY, 

FROM  THE  TIMES  OF  THE  ALCHEMISTS  TO  THE  COiMMENCEMEHT  OF 

THE  PRESENT  CENTURY. 


§1. 

Chemistry  is  that  branch  of  natural  know  ledge  mTucIi  teaches  us  the 
properties  of  the  elementary  substances,  and  of  their  mutual  combinations; 
it  inquires  into  the  laws  which  affect,  and  into  the  powers  which  preside 
over  tlieir  union;  it  examines  the  proportions  in  which  they  combine, 
and  the  modes  of  separating  them  when  combined;  and  endeavors  to 
apply  such  knowledge  to  the  explication  of  natural  phenomena,  and  to 
useful  purposes  in  the  arts  of  life*. 

Chemistry  cannot  be  said  to  have  existed,  as  a science,  previous  to  tlie 
commencement  of  the  seventeenth  century;  for  although  we  find,  in  the 
writings  of  the  earlier  chemists,  many  curious  and  important  facts  and. 
discoveries,  these  remained  useless  and  unapplied,  so  long  as  the  minds 
of  men  were  exclusively  directed  to  the  transmutation  of  the  metals,  the 
composition  of  an  universal  elixir,  and  the  production  of  the  Alcahest^  or 
general  solvent.  Although,  therefore,  it  may  often  be  amusing,  and 
sometimes  profitable,  to  revert  to  the  crude  speculations  and  w^aking 
dreams  of  the  voluminous  writers  upon  these  subjects,  who  were  eminent 
in  the  fourteenth  and  two  successive  centuries,  the  time  of  the  student 
will  be  more  usefully  occupied  in  tracing  the  labors  of  those  who,  dis- 
carding visionary  hypotheses,  proceeded  to  the  investigation  of  truth; 


* Definitions  of  Chemistry. — La  Chy- 
inie  est  im  art  qui  enseigne  a separer  les 
differentes  substances  qui  se  rencontrent 
dans  un  mixte.”  L’Emeky,  Cours  de 
Chymie. 

“ Chemistry  is  that  science  which  ex- 
amines the  constituent  parts  of  bodies, 
with  reference  to  their  nature,  propor- 
tions, and  method  of  combination.” 
Bergman,  Essay  on  the  Usefulness  of 
Chemistry. 

“ Chemistry  is  the  study  of  the  effects 
of  heat  and  mixture,  with  a view  of  dis- 
covering their  general  and  subordinate 
laws,  and  of  improving  the  useful  arts.” 
Black,  Lectures. 

“ La  Chimie  est  une  science  qui  ap- 
prend  a connaitre  I’action  intime  et  reci- 
proque  de  tons  les  corps  de  la  nature,  les 
uns  sur  les  autres.  Par  les  mots  action 
intime,  et  reciproque,  cette  science  est 
distinguee  de  la  physique  experimentale, 
que  ne  considere  que  les  propriete's  ex- 
terieures  des  corps  doues  d’un  volume, 


et  d’une  masse  qu’on  peut  mesurer,  tandis 
que  la  Chimie  ne  s’attacho  qu’aux  pro- 
prietds  interieures,  et  n’agit  que  sur  des 
molecules,  dont  le  volume  et  la  masse 
ne  peuvent  pas  etre  soumis  aux  mesures 
et  aux  calculs.”  Fourcroy,  Systeme  des 
Connoissances  Chimiques,  vol.  i.,  p.  4. 

“ Die  Chemie  ist  eine  Wissenchaft  die 
uns  die  wechselseitige  wirkungen  der 
einfachern  Stoffe  in  der  Natur,  die  zu- 
sammensetzung  der  korper  aus  ihren  und 
nach  ihren  verschiedenen  verhaltnissen, 
und  die  Art  undWeise  keunen  lehrt, 
sie  zu  trennen,  oder  sie  wieder  zu  neuen 
Korperarten  zu  verbinden.”  Gren. 
Systematisches  handbuch  der  Chemie,  p.  1. 
Halle,  1794. 

“ Chemistry  is  that  science  whichPreats 
of  those  events  or  changes  in  natural 
bodies,  which  are  not  accompanied  by 
sensible  motions.”  Thomson,  System  of 
Chemistry,  5th  edition,  p.  2. 

“ jNIost  of  the  substances  belonging  to 
our  globe  ai’e  constantly  undergoing 
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and  who  were  led  on,  not  by  the  vague  glimmering  of  speculative  notions, 

hut  by  the  steady  daylight  of  real  philosophy*. 

It  is,  I think,  among  our  own  countrymen  that  we  discover  the  fathers 
of  chemical  philosophy:  for  Bacon,  Boyle,  Hooke,  Mayow,  and  Newton, 
present  unequivocal  claims  to  that  distinctive  title.  As  induction  fioni 
experiment  is  exclusively  the  basis  of  chemical  science,  little  piogiess 
could  be  made  in  it  till  the  futility  of  the  ancient  philosophical  systems^ 
had  been  shown,  and  their  influence  annihilated ; till  the  true  end  of 
science  was  rightly  defined,  and  the  road  to  it  rendered  straight  and 
passable;  till  the  necessity  of  well-digested  exj^eriment  had  been  esta- 
blished, which  first  procures  the  light,  then  shows  the  way  by  its 
means.’’ 

It  may  seem  trite  to  quote  Lord  Bacon  ; but,  as  experience  is  con- 
stantly showing  the  neglect  of  the  invaluable  doctrines  inculcated  in  his 


alterations  in  sensible  qualities,  and  one 
variety  of  matter  becomes,  as  it  were, 
transmuted  into  another.  Such  changes, 
whether  natural  or  artificial,  whether 
slowly  or  rapidly  performed,  are  called 
chemical;  thus  the  gradual  and  almost 
imperceptible  decay  of  the  leaves  and 
branches  of  a fallen  tree  exposed  to  the 
atmosphere,  and  the  rapid  combustion 
of  wood  in  our  tires,  are  both  chemical 
operations. 

“ The  object  of  chemical  philosophy  is 
to  ascertain  the  causes  of  all  phenomena 
of  this  kind,  and  to  discover  the  laws  by 
which  tliey  are  governed.”  Davy,  Ele- 
ments of  Chemical  Philosophy^  p.  1. 

In  the  latest  editions  of  Johnson’s 
Dictionary y the  erroneous  and  antiquated 
definition  of  Boerliaave  is  very  impro- 
perly retained.  ‘‘  An  art  whereby  sen- 
sible bodies,  contained  in  vessels,  or 
capable  of  being  contained  therein,  are 
so  changed  by  means  of  certain  instru- 
ments, and  principally  fire,  that  their 
several  powers  and  virtues  are  thereby 
discovered,  with  a view  to  philosophy  or 
medicine.” 

The  derivation  of  the  word  Chemistry 
can  scarcely  be  said  to  have  been  ascer- 
tained. The  most  plausible  guesses  are 
the  following  : from  melt,  or 

Xvpos,  juice;  from  kema,  an  oriental 
word  signifying  black;  from  XifjLr]^,  the 
name  of  a person  eminently  skilled  in 
the  sciences ; from  Cherniy  the  Coptic 
name  of  Egypt,  where  the  art  is  sup- 
posed to  have  had  its  rise. 

According  to  Bryant  [Ancie7it  Mythol), 
it  is  derived  from  chemia,  and  that  word 
from  Cham, 

The  Rev.  Mr.  Palmer,  Professor  of 
Arabic  at  Cambridge,  has  given  the 
following  etymology  ; “Al-chemy,  or 


more  properly  Al-kemy,  the  knowledge 
of  the  substance  or  composition  of  bodies, 
so  named  from  the  substantive  (Kya- 
mon),  that  is,  the  substance  or  constitu- 
tion of  anything;  from  the  root  (Kama.) 
Golius.  Lexicon.’’^  Thomson’s  Chemis- 
try y 5th  edit.,  p.  4,  Note. 

Conversing  upon  this  subject  with  my 
late  friend.  Dr.  Thomas  Young,  he  re- 
marked, that  the  Egyptians  probably 
neither  knew  nor  cared  much  about  the 
composition  of  bodies;  and  that  the  term 
Chemistry,  as  referring  to  the  secret  art 
of  transmutation,  was  probably  derived 
from  the  Coptic  root  hhems  or  chemsy 
signifying  obscurCy  dark.  The  German 
word  geheimy  secrety  he  said,  was  perhaps 
of  the  same  root. 

Hsec  ars  varia  accepit  nomina,  nam 
omnium  primb  dicta  fuit  re^vr]  TToirjrtKr], 
et  antiquis  illis  temporibus  per  hanc 
vocem  significabant  artem  vilia  metalla 
in  aurum  convertendi,  et  ejus  artifices 
TTOLrjral  vocari  Zozimus  dicit.  Veteres 
iEgyptios  hanc  artem  Chimoet  vocasse 
Josephus  Scaligeribi  ostendit,  sed  postea 
Grseci  hanc  artem  xpvo-OTroi-qcnv  dixermity 
Arabibus  yerOyAlchemiaP  Boe rhaave, 
Institutiones  Chemice. 

* “ Tout  ce  qu’on  a dit  de  I’antique 
origine  de  la  Chimie,  sur  les  premiers 
homines  'qui  ont  travailld  les  metaux, 
taille  et  poli  les  pierres  dures,  fondu  les 
sables,  dissous  et  crystallise  les  sels,  ne 
montre  a un  esprit  exact  et  severe  qu’une 
yaine  et  ridicule  pretension,  semblable 
a cette  par  laquelle  on  voudrait  recon- 
noitre les  elemens  de  la  geometrie  daus 
I’ouvrage  grossier  du  sauvage  qui  use  les 
fragmens  du  rocher,  qui  leur  donne  des 
formes  a peu  pres  regulieres  pour  les 
rendres  utiles  a ses  premiers  besoins.” 
Fourcroy,  Discours  Preliminaire, 
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works,  and  as  students,  especially,  are  too  apt  to  throAV  off  tlie  burden  and 
responsibility  of  tliinking  for  themselves,  by  adopting  the  notions  of 
others,  without  duly  weighing  their  merit  or  appreciating  their  correctness, 
and  often  only  because  they  are  new,  I shall  call  their  attention  to  one 
of  the  many  relevant  passages  of  this  author: — 

“He  who  would  come  duly  prepared,  and  fitted  to  the  business  of 
interpretation,  must  neither  be  a follower  of  novelty,  custom,  nor  antiquity; 
nor  indulge  himself  in  a liberty  of  contradicting;  nor  servilely  follow 
authority.  He  must  neither  be  hasty  in  aj[firming,  nor  loose  and  sceptical 
in  doubting;  but  raise  up  particulars  to  the  places  assigned  them  by  their 
degree  of  evidence  and  proof.  His  hope  must  encourage  him  to  labor, 
and  not  to  rest;  he  must  not  judge  of  things  by  their  uncommon  nature, 
their  difficulty,  or  their  high  character;  but  by  their  just  weight  and 
use.  He  must,  in  his  own  particular,  carry  on  his  view  with  concealment, 
and  yet  have  a due  regard  for  posterity.  He  must  prudently  observe  the 
first  entrance  of  errors  into  truths,  and  of  truths  into  errors,  without 
despising  or  admiring  anything.  He  must  understand  his  own  talents 
and  abilities,  or  the  advantages  of  his  own  nature.  He  must  comply  with 
the  nature  of  others.  He  must,  as  with  one  eye,  survey  the  natures  of 
things,  and  have  the  other  turned  towards  human  uses.  He  must 
distinctly  understand  the  mixed  nature  of  words,  which  is  extremely 
capable  both  of  prejudicing  and  assisting.  He  must  lay  it  down  to 
liimself,  that  the  art  of  discovering  will  grow  up,  and  improve,  along 
with  discoveries  themselves.  He  must  not  be  vain  either  in  delivering 
or  concealing  the  knowledge  he  has  acquired,  but  ingenuous  and  prudent, 
and  communicate  his  inventions  without  pride  or  ill-nature:  and  this  in 
a strong  and  lively  manner,  well  defended  against  the  injuries  of  time, 
and  fit  for  the  propagation  of  knowledge,  without  occasioning  errors  ; and, 
which  is  the  principal  thing  of  all,  it  must  be  such  as  may  select  and 
choose  for  itself  a prepared  and  suitable  reader*.” 

The  following  observations,  from  the  same  source,  bring  us  back  to 
our  subject: — 

“ And  again ; if  any  one  should  condescend  to  regard  such  things  as 
are  accounted  rather  curious  than  useful,  and  take  a thorough  view  of 
the  works  of  the  alchemists,  or  the  followers  of  natural  magic,  he  might, 
perhaps,  be  at  a difficulty  which  he  should  withhold,  his  tears,  or  his 
laughter.  For  the  alchymist  goes  on  with  an  eternal  hope;  and  where 
his  matters  succeed  not,  lays  the  blame  upon  his  own  errors ; and  accuses 
liimself  as  not  having  sufficiently  understood  either  the  terms  of  his  art, 
or  his  author:  whence  he  either  hearkens  out  for  traditions  and  auricular 
whispers,  or  else  fancies  he  made  some  mistake  as  to  the  exact  quantity 
of  the  ingredients,  or  nicety  of  the  experiment;  and  thus  repeats  the 
operation  without  end.  And  if,  in  the  mean  time,  among  all  the  chances 
of  experiments,  he  throws  any  which  appear  either  new  or  useful,  he 
feeds  his  mind  with  these  as  so  many  earnests;  boasts  and  extols  them 
above  measure;  and  conceives  great  hopes  of  what  is  behind.  It  must, 
indeed,  be  allowed  that  the  alchymists  have  made  many  discoveries,  and 
obliged  mankind  with  useful  inventions;  but  they  are  well  represented 
in  that  fable  of  the  old  man,  who  left  an  estate  to  his  children,  buried 

* Prefatory  Aphorisms  of  the  Nomm  Organum  Scientiarum.  No.  XI. 
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somewhere  or  other,  he  told  them,  in  his  vineyard ; which  they,  therefore, 
fell  to  dig  for  with  great  diligence;  whereby,  though  they  found  no  gold, 
in  substance,  yet  they  received  a better  vintage  for  their  labor. 

“But  such  as  apply  to  natural  magic,  and  explain  everything  by 
sympathies  and  antipathies,  have,  by  supine  and  indolent  conjectures, 
placed  strange  virtues  and  operations  in  things;  and  if,  at  any  time,  they 
have  produced  works,  they  are  rather  suited  to  admiration  and  strangeness, 
than  to  fruit  and  advantage*.” 

It  is  my  intention,  in  this  introductory  chapter,  after  a brief  allusion 
to  the  style  and  views  of  the  alchemical  waiters,  to  notice  the  principal 
researches  of  the  chemists  of  the  fifteenth  and  two  following  centuries; 
and  thus  to  give  an  historical  sketch  of  the  science,  from  its  early  days, 
to  the  commencement  of  the  present  age. 

In  reference  to  the  ends  and  objects  of  chemical  science,  under  its 
present  aspect,  I cannot  do  better  than  quote  Sir  F.  W.  Herschel,  from 
whose  Discourse  on  the  Study  of  Natural  Philosophy^  I shall  be  content 
with  the  following  extract,  earnestly  advising  all  students  steadily  to  peruse 
and  consider  that  excellent  and  sensible  essay: — 

“ The  laws,”  he  says,  “ wRich  concern  the  intimate  constitution  of 
bodies,  not  as  respects  their  structure  or  the  manner  in  which  their 
parts  are  put  together,  but  as  regards  their  materials^  or  the  ingredients 
of  which  those  parts  are  composed,  form  the  objects  of  chemistry.  A 
solid  body  may  be  regarded  as  a fabric,  more  or  less  regularly  and  arti- 
ficially constructed,  in  which  the  materials  and  the  workmanship  may 
be  separately  considered,  and  in  which,  though  the  latter  be  ruined  and 
confounded  by  violence,  the  former  remain  unchanged  in  their  nature, 
though  differently  arranged.  In  liquid  or  aerial  bodies,  too,  though  there 
prevails  a less  degree  of  difference  in  point  of  structure,  and  a greater 
facility  of  dispersion  and  dissipation,  than  in  solids,  yet  an  equal  diversity 
of  materials  subsists,  giving  to  them  properties  differing  extremely  from 
each  other. 

“ The  inherent  activity  of  matter  is  proved,  not  only  by  the  production 
of  motion  by  the  mutual  attractions  and  repulsions  of  distant  or  conti- 
guous masses,  but  by  the  changes,  and  apparent  transformations,  which 
different  substances  undergo,  in  their  sensible  qualities,  by  mere  mixture. 
If  w^ater  be  added  to  w^ater,  or  salt  to  salt,  the  effect  is  an  increase  of 
quantity,  but  no  change  of  quality.  In  this  case,  the  mutual  action  of 
the  particles  is  entirely  mechanical.  Again,  if  a blue  pow'der  and  a 
yellow  one,  each  perfectly  dry,  be  mixed  and  well  shaken  together,  a 
green  powder  wdll  be  produced : but  this  is  a mere  effect  arising  in  the 
eye,  from  the  intimate  mixture  of  the  yellow  and  blue  light  separately 
and  independently  reflected  from  the  minute  particles  of  each;  and  the 
proof  is  had  by  examining  the  mixture  wdth  a microscope,  when  the 
yellow  and  blue  p'ains  wdll  be  seen  separate,  and  each  quite  unaltered. 
If  the  same  experiment  be  tried  with  colored  liquids,  which  are  susceptible 
of  mixing  without  chemical  action,  a compound  color  is  likewise  pro- 
duced, but  no  examination  with  magnifiers  is  in  that  case  sufficient  to 
detect  the  ingredients;  the  reason  obviously  being,  the  excessive  minute- 
ness of  the  parts,  and  their  perfect  intermixture,  produced  by  agitating 

* Novum  Organum,  Section  V. 
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two  liquids  together.  From  the  mixture  of  two  powders,  extreme 
patience  would  enable  any  one,  by  picking  out  with  a magnifier  grain 
after  grain,  to  separate  the  ingredients.  But  when  liquids  are  mixed,  no 
mechanical  separation  is  any  longer  practicable;  the  particles  are  so 
minute  as  to  elude  all  search.  Yet  this  does  not  hinder  us  from  regarding 
such  a compound  as  still  a mere  mixture,  and  its  properties  are  accordingly 
intermediate  between  those  of  the  liquids  mixed.  But  this  is  far  from 
being  the  case  with  all  liquids.  When  a solution  of  potash,  for  example, 
and  another  of  tartaric  acid,  each  perfectly  liquid,  are  mixed  together  in 
proper  proportions,  a great  quantity  of  solid  saline  substance  falls  to  the 
bottom  of  the  containing  vessel,  which  is  quite  ditferent  from  either 
potash  or  tartaric  acid,  and  the  liquid  from  which  it  subsided  offers  no 
indications  by  its  taste,  or  other  sensible  qualities,  of  the  ingredients 
mixed,  but  of  something  totally  ditferent  from  either.  It  is  evident  that 
this  is  a phenomenon  widely  ditferent  from  that  of  mere  mixture;  there 
has  taken  place  a great  and  radical  change  in  the  intimate  nature  of  the 
ingredients,  by  which  a new  substance  is  produced  which  had  no  existence 
before.  And  it  has  been  produced  by  the  union  of  the  ingredients  pre- 
sented to  each  other;  for  when  examined,  it  is  found  that  nothing  has  been 
lost^  the  weight  of  the  whole  mixture  being  the  sum  of  the  weights 
mixed.  Yet  the  potash  and  tartaric  acid  have  disappeared  entirely,  and 
the  weight  of  the  new  product  is  found  to  be  exactly  equal  to  that  of  the 
tartaric  acid  and  potash  employed,  taken  together,  abating  a small  portion 
held  in  solution  in  the  liquid,  which  may  be  obtained,  however,  by  evapo- 
ration. They  have  therefore  combined,  and  adhere  to  one  another  with 
a cohesive  force  sufficient  to  form  a solid  out  of  a liquid ; a force  which 
has  thus  been  called  into  action  by  merely  presenting  them  to  each  other 
in  a state  of  solution. 

“ It  is  the  business  of  chemistry  to  investigate  these,  and  similar  changes ; 
or  the  reverse  of  such  changes,  where  a single  substance  is  resolved  into 
two  or  more  others,  having  different  properties  from  it,  and  from  each 
other;  and  to  inquire  into  all  the  circumstances  which  can  influence  them, 
and  either  determine,  modify,  or  suspend  their  accomplishment;  whether 
such  influence  be  exercised  by  heat  or  cold,  by  time  and  rest,  or  by  agita- 
tion, or  pressure,  or  by  any  of  those  agents  of  which  we  have  acquired  a 
knowledge,  such  as  electricity,  light,  magnetism,”  &c. 

§ II. 

The  transmutation  of  baser  metals  into  gold  and  silver,  which  was  the 
chief,  and,  in  most  cases,  the  only  object  of  the  genuine  alchemists,  was 
not  merely  regarded  as  possible,  but  believed  to  have  been  performed,  by 
some  of  the  more  enlightened  chemists  of  the  seventeenth  century ; and 
in  perusing  the  history  of  these  transmutations,  as  recorded  by  Helvetius, 
Boeriiaave,  Boyle,  and  other  sober-minded  men,  it  would  be  difficult 
to  resist  the  evidence  adduced,  without  the  aids  of  modern  science. 
Lord  Bacon’s  sound  sense  has  been  arraigned  for  his  belief  in  alchemy, 
though  he,  in  fact,  rather  urges  the  possibility  than  the  probability  of 
transmutation  ; and,  considering  the  infant  state  of  the  experimi^nffij, 
sciences,  and  of  chemistry  in  particular,  in  his  age,  and  the^-plausibile 
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exterior  of  tlie  phenomena  that  the  chemists  were  able  to  produce,  he  is 
rather  to  be  considered  as  sceptical  than  credulous,  upon  many  of  the 
points  which  he  discusses. 

Hermes  Trismegistus,  who  is  said  to  have  lived  in  the  year  of  the 
world  2076,  has  generally  been  quoted  as  the  oldest  of  the  alchemists ; 
there  can,  however,  be  very  little  doubt  that  the  writings  attributed  to 
him  are  entirely  spurious.  The  Tractatus  A iireus^  or  Golden  Wot'k,  is 
e vidently  a farrago  of  occult  philosophy  belonging  to  a much  later  period. 
Hermes,  at  the  outset,  is  made  to  apologize  for  divulging  the  secrets  of 
the  black  art.  “ I should  never  have  revealed  them,"’  says  he,  had  not 
the  fear  of  eternal  judgment,  or  the  hazard  of  the  perdition  of  my  soul, 
prevailed  with  me,  for  such  a concealment.  It  is  a debt  I am  willing  to 
pay  to  the  just,  even  as  the  Father  of  the  just  liberally  bestowed  it 
upon  me.”  After  this  prelude,  we  might  expect  to  be  let  into  some  of 
the  mysteries  of  alchemy,  but  our  curiosity  is  quickly  disappointed,  by 
finding  that  they  are  only  revealed  to  the  eyes  and  ears  of  the  sons  of 
art ; “ not  to  the  profane,  the  unworthy,  and  the  scoffers,  who,  being  as 
greedy  dogs,  wolves,  and  foxes,  are  not  to  feed  at  our  divine  repast.”  The 
reader  is  then  conducted  into  what  is  termed  the  innermost  chamber^  and 
regaled  with  a history  and  explanation  of  various  matters  relating  to  the 
philosopher’s  stone,  by  means  of  which,  “ through  the  permission  of  the 
Omnipotent,  the  greatest  disease  is  cured,  and  sorrow,  distress,  evil,  and 
every  hurtful  thing  evaded ; by  help  of  which  we  pass  from  darkness  to 
light,  from  a desert  and  wilderness  to  a habitation  and  home,  and  from 
straitness  and  necessities  to  a large  and  ample  estate.”  We  are  then 
directed  to  “catch  the  flying  bird,”  by  which  is  meant  quicksilver;  “ and 
drown  it  so  that  it  may  fly  no  more;”  this  is  what  is  afterwards  termed 
the  Jixation  of  mercury,  by  uniting  it  to  gold.  It  is  then  to  be  plunged 
into  the  “ well  of  the  philosophers,”  or  aqua  regia^  by  which  its  soul 
will  be  dissipated,  and  its  corporeal  particles  united  to  the  “ red  eagle,”  or 
chloride  of  gold. 

Geber  is  another  great  name  in  the  history  of  alchemy*;  the  exact 
period  at  which  he  lived  is  unknown,  but  it  was  probably  not  later  than 
the  seventh  century.  Whatever  may  be  the  date  or  the  authenticity 
ascribed  to  the  works  bearing  the  name  of  Geber,  they  are  among  the 
oldest  chemical  treatises  in  existence,  and  merely  as  such,  deserve  the 
perusal  of  the  curious.  His  three  books  of  alchemy  were  published  at 
Strasburgh,  in  1.520,  and,  if  genuine,  contain  matter  that  justifies  the 
praise  of  Boerhaave,  who  considers  him  as  a first-rate  philosopher  of  his 
age.  In  his  chapter  On  the  Alcheniie  of  Sol,  after  descanting  upon  the 
different  means  of  refining  and  dissolving  gold,  he  describes  several  solar 


“Primus  omnium  Arabum  post 
Grsecos  est  Geber,  cui  dant  tituhim  Ara- 
bis.  Alii  dicunt  eum  fuisse  regem,  unde 
rex  Geber  Arabs,  dici  solet ; sed  Leo  Afri- 
cawMs,qniGr8ecus  fait,  et  multa  descripsit 
ex  antiquis  Arabibus,  dicit  Gebruni  ilium 
natione  Grsecus  fuisse,  sed  derogasse 
Suam  religionem,  et  se  dedisse  IMaho- 
ihed.^  religioni  Arabum,  et  vixisse  sep- 
timoseculo.”  Boerhaave. 


Geber  was  also  a physician  and  astro- 
loger. The  following  are  the  principal 
works  on  chemistry  which  have  been 
attributed  to  him  : De  Alchemia, — De 
summa  Perfectione  Metallorum, — Le  La~ 
pide  Philosophico, — De  inveniendi  Arte 
Auri  et  Argenti,  These,  and  some  other 
works  bearing  his  name,  whether  ge- 
nuine or  not,  turnish  good  specimens  of 
the  early  alchemical  writings. 
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medicines^  in  language  which,  is  tolerably  intelligible;  they  are  all  solu- 
tions of  gold  in  nitro-muriatic  acid,  with  the  addition  of  quicksilver, 
nitre,  common  salt,  and  some  other  saline  matters.  The  student  is 
directed  to  prepare  his  mind  for  his  pursuits  by  suitable  acts  of  piety  and 
charity,  which,  if  earnestly  and  perse veringly  carried  on,  may,  after  due 
time,  enable  him  “ to  change  argent  vive  into  an  infinite  solific  and 
lunific,  Avithout  the  help  of  anything  more  than  its  multiplication.” 

Alembics,  crucibles,  and  various  furnaces,  are  so  fully  described,  and, 
if  Ave  may  believe  the  MSS.,  depicted  by  Geber,  that  he  deserves  to  be 
mentioned  also  as  the  inventor  of  much  useful  apparatus.  Some  have 
asserted  his  pretensions  to  the  possession  of  the  universal  medicine,  for 
he  speaks  of  curing  disease ; but  this  seems  a mere  metaphorical  expres- 
sion, relating  to  transmutation.  “ Bring  me,”  says  he,  “ the  six  lepers, 
that  I may  cleanse  them by  which  he  probably  AA^ould  imply  the  con- 
version of  silver,  mercury,  copper,  iron,  tin,  and  lead,  into  gold ; these 
seven  metals  only  having  been  knoAAm  at  that  period.  Dr.  Johnson  sup- 
poses that  the  Avord  Gibberish^  anciently  Avritten  Geberish^  Avas  originally 
applied  to  the  language  of  Geber  and  his  tribe. 

Artepiiius,  in  1130,  published  several  alchemical  tracts:  aac  are  told 
by  Roger  Bacon  and  others,  that  he  died  at  the  age  of  1025,  having  pro- 
longed his  life  by  the  miraculous  virtues  of  his  medicines ; but  his  name, 
and  that  of  John  de  Rupescissa,  are  now  deservedly  forgotten. 

The  alchemical  annals  of  the  thirteenth  century  are  adorned  by  the 
name  of  Roger  Bacon,  a native  of  Ilchester,  in  Somersetshire,  and 
descended  from  an  ancient  and  honorable  family.  In  1240,  he  returned 
from  Paris,  and  became  celebrated  among  the  learned  of  the  University 
of  Oxford.  At  that  time,  hoAVCA^er,  the  exposition  of  ignorance,  and 
attempts  to  overthrow  the  dogmas  of  the  schools,  Avas  a service  of  risk 
and  danger ; and  to  this.  Friar  Bacon,  for  he  Avas  a monk  of  the  Francis- 
can order,  laid  himself  fully  open : he  AA’^as  accused  of  practising  Avitch- 
craft,  throAAm  into  prison,  and  nearly  starved,  for  exposing  the  prevalent 
immorality  of  the  clergy ; and,  according  to  some,  stood  a chance  of  being 
burned  as  a magician. 

I knoAv  of  no  Avork  that  strikes  one  Avith  more  surprise,  than  the  Opus 
Majus  of  Roger  Bacon  ; he  stands  alone  like  a beacon  upon  a Avaste;  he 
is  perspicuous  and  comprehensive ; and  full  of  anticipations  of  the  advan- 
tages likely  to  be  derived  from  the  mode  of  investigation  insisted  upon 
by  his  great  successor,  Chancellor  Bacon.  This  resemblance  betAveen 
Roger  Bacon,  and  his  illustrious  namesake,  has  scarcely  been  noticed  by 
the  historians  of  his  period;  it  has,  hoAvever,  not  escaped  Mr.  Hallam's 
observation,  Avho  adverts  to  it  in  his  Hislory  of  the  Middle  Ages.  Whe- 
ther Lord  Bacon,  he  says,  ever  read  the  Opus  Majus^  I knoAv  not  ; 
but  it  is  singular,  that  his  favourite  quaint  expression,  prcerogalivce 
scientiarum,  should  be  found  in  that  Avork ; and  Avhoever  reads  the  sixth 
part  of  the  Opus  Majus,  upon  experimental  science,  must  be  struck  by 
it  as  the  prototype,  in  spirit,  of  the  Novum  Orga^ium.  The  same  sanguine 
and  sometimes  rash  confidence  in  the  elfect  of  physical  discoveries ; the 
same  fondness  for  experiment ; the  same  preference  of  inductive  to  ab- 
stract reasoning,  pervade  both  works.” 
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The  alchemical  work  of  Roger  Bacon  which  has  been  most  prized,  is 
the  Mirroi'  of  Alchymy^  but  there  is  little  either  of  interest,  or  entertain- 
ment to  be  extracted  from  it*. 

Roger  Bacon  has  by  some  been  spoken  of  as  a benefactor  to  man- 
kind, by  others  as  an  enemy  to  the  human  race,  inasmuch  as  he  is  plau- 
sibly considered  to  have  invented  gunpowder-]*,  an  invention  by  which  the 
personal  barbarity  of  warfare  has  certainly  been  diminished,  “but  which, 
considered  as  an  instrument  of  human  destruction,  by  far  more  powerful 
than  any  that  skill  had  devised,  or  accident  presented,  before;  acquiring,  as 
experience  sIioavs  us,  a more  sanguinary  dominion  in  every  succeeding 
age,  and  borroAving  all  the  progressive  resources  of  science  and  civilization 
for  the  extermination  of  mankind,  appals  us,”  says  IIallam,  “ at  the 
future  prospects  of  the  species,  and  makes  us  feel,  perhaps  more  than  in 
any  other  instance,  a difficult}^  in  reconciling  the  mysterious  dispensation, 
Avith  the  benevolent  order  of  Providence.” 

This  dlscoA^ery  has  sometimes  been  given  to  Bartholomew  Schwartz, 
a German  monk,  and  the  date  of  1320  annexed  to  it,  a date  posterior  to 
that  Avhich  may  be  justly  claimed  for  Friar  Bacon.  Upon  the  authority, 
hoAvever,  of  an  Arabic  writer  in  the  Escurial  collection,  referred  to  by 
Mr.  IIallam,  there  seems  little  reason  to  doubt  that  gunpoAvder  was 
introduced,  through  the  means  of  the  Saracens,  into  Europe,  before  the 
middle  of  the  fifteenth  century,  though  its  use  in  engines  of  war  Avas 
probably  more  like  that  of  fireworks  than  artillery.  Many  authorities 
might  be  adduced  to  prove  the  common  use  of  gunpoAvder  early  in  the 
fourteenth  century.  Edward  the  Third  employed  artillery,  Avith  memo- 
rable effect,  at  the  battle  of  Cressy ; and,  in  the  fifteenth  century,  hand- 
cannons  and  muskets  came  into  use,  and  gunpoAvder  Avas  in  common 
employ. 

Albert  of  Cologne,  surnamed  The  Great,  Avas  a contemporary  of 
Roger  Bacon  ; he  is  celebrated  as  the  inventor  of  the  brazen  head^  Avhich 


* Gmelin  has  given  tlie  following  list 
of  the  chemical  writings  of  Roger  Bacon. 
The  two  first  are  given  in  Mangetus. 

1.  Speculum  Alchymiae. 

2.  Epistola  de  Secretis  Operibus  Artis 

et  Naturae,  et  de  Nullitate  Magiae. 

3.  De  Mirabili  Potestate  Artis  et  Na- 

turae. 

4.  Medulla  Alchymiae. 

5.  De  Arte  Chemiae. 

6.  Breviarium  Alchymiae. 

7.  Documenta  Alchymiae. 

8.  De  Alchymistorura  Artibus. 

8.  De  Secretis. 

10.  De  Rebus  Metallicis. 

11.  De  Sculpturis  Lapidum. 

12.  De  Philosophorum  Lapide. 

13.  Opus  IMajus,  or  Alchymia  Major. 

14.  Breviarium  de  Dono  Dei. 

15.  \ erbum  Abbreviatum  de  Leone  Vi- 

ridi. 

16.  Secretum  Secretorum. 


17.  Tractatus  Trium  Verborum. 

18.  Speculum  Secretorum. 

t “ From  saltpetre  and  other  ingredi- 
ents,” says  Roger  Bacon,  ‘^Ave  are  able 
to  form  a fire  Avhich  Avill  burn  to  any  dis- 
tance.” And  again,  alluding  to  its  ef- 
fects, “ a small  portion  of  matter  about 
the  size  of  the  thumb,  properly  disposed^ 
Avill  make  a tremendous  sound  and  cor- 
ruscation,  by  Avliich  cities  and  armies 
might  be  destroyed.”  And  again,  in  the 
same  Avork,  is  a passage  which,  though 
someAvhat  enigmatical,  is  supposed  |^to 
divulge  the  secret  of  this  preparation  : 
“ Sed  tamen  salis  petrm,  luru  mone  cap 
ubre^  et  sulphuris,  et  sic  facies  tonitrum 
si  scias  artificium.”  The  anagram  is 
convertible  into  carhonum  pulvere.  Such 
are  the  claims  of  Roger  Bacon  to  a dis- 
covery which  soon  changed  the  Avhole 
art  of  war. 
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Avas  demolished  by  the  pious  zeal  of  his  pupil,  the  angelical  Dr.  Aquinas*, 
in  consequence  of  his  suspecting  it  to  be  an  agent  of  the  devil.  Albertus 
Magnus  was  what  in  dur'days  is  termed  an  universal  genius.  He  is 
chiefly  celebrated  as  the  commentator  "of  Aristotle  ; but,  if  we  give 
credit  to  contemporary  writers,  he  was  deeply  skilled  in  all  the  higher 
departments  of  alchemical  philosophy.  His  works,  which  are  very  volu- 
minous, were  published  at  Leyden,  in  1651,  by  Peter  Jammy.  They  fill 
twenty-one  folio  volumes.  Most  of  his  alchemical  tracts  have  been 
inserted  in  the  Thealrinn  Chemicum. 

The  names  of  Raymond  Lully  of  Majorca,  and  Arnold  of  Yilla- 
nova'^',  occur  in  this  page  of  the  history  of  chemical  science.  Their 
merit,  however,  consists  rather  in  the  quantity  than  quality  of  their 
writings.  Lully  died  on  his  passage  from  Africa,  in  1315,  whither  he 
had  been  to  preach  the  truths  of  the  Gospel ; his  body  was  carried  to 
Majorca,  where  he  was  honored  as  a martyr.  Brucker  says,  “ he  was 
more  ingenious  than  honest/’  His  chemical  opinions  are  scarcely  worth 
quotation  or  abstract.  He  is  said  to  have  converted  iron  into  gold,  in 
the  presence  of  Edward  the  First,  in  London,  which  was  coined  into 
rose-nobles|. 

Arnold  shines  as  a magician  and  astrologer.  He  was  a renowned 
prophet,  and  predicted  that  the  world  would  come  to  an  end  in  the  year 
1376.  He  was  shipwrecked  on  the  coast  of  Genoa,  in  1313. 

Isaac  and  John  of  Holland  were  also  alchemical  philosophers  of  this 
period§. 

About  the  year  1560,  a Treatise  of  Alchymy  was  published  at  Paris, 
attributed  to  Nicholas  Flammel.  The  work,  however,  is  spurious,  and 
was  merely  ascribed  to  him  from  his  becoming  suddenly,  as  it  is  said, 
very  rich.  The  use  he  made  of  his  wealth  does  his  memory  much  credit: 
he  founded  hospitals,  repaired  churches,  and  endowed  several  charitable 
institutions ; proceedings  which  by  no  means  savor  of  alchemy.  Dr. 
Salmon,  Avho  in  1692  published  one  of  the  above-mentioned  tracts,  says, 
“ Flammel  was  originally  a poor  scrivener,  yet  left  so  great  monuments 
behind  him,  as  must  convince  the  most  incredulous  that  he  knew  the 
secret ; and  performed  such  mighty  works  at  his  own  proper  cost  and 
charges,  as  the  most  opulent  prince  in  Europe  can  never  do  the  like.  I 
know,”  says  he,  “ a gentleman  who  went  to  view  those  mighty  buildings 
and  their  records.  The  archives  and  governors  of  those  places,  he  told 
me,  own  the  matter  of  fact,  but  deny  the  means,  saying  that  Flammel 
was  a very  pious  man,  and  ivent  a pilgrimage  to  St,  James  of  Gallicia, 


* Thomas  Aquinas  wrote  several 
works  on  alchemy.  “ So  far  as  I have 
perused  them,”  says  Dr,  Thomson,  “ they 
are  exceedingly  obscure,  and  in  various 
places  unintelligible.  Some  of  the  terms 
still  employed  by  modern  chemists,  occur 
for  the  first  time  in  his  writings.  Thus 
the  term  amalgam,  still  employed  to  de- 
note a compound  of  mercury  with  ano- 
ther metal,  occurs  in  them.  I have  not 
observed  it  in  any  earlier  author.” 
t Itaymond  Lully  was  born  in^Majorca, 


in  1230,  and  Arnold  of  Yillanova  in  Pro- 
vence, in  1235. 

4:  Bergman,  Ilistor.  Chem. 

§ “ Sequuntur  nunc  Johannes  et 
Isaacus  llollandus,  pater  et  filius,  qui 
ditfusissimo  serin  one  et  magnaeloquentia 
scripserunt,  etsi  unum  vcl  alteruin  arca- 
num exceperis,  pulcherrima  experirnenta 
fecerunt  de  sanguine  et  urina  humana, 
qua)  Hehnontius  postea,  et  Boyleus,  pro 
recentioribus  inventis  habuerunt.”  — 
Boerhaave. 
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for  a reward  of  which  piety,  the  holy  saint  bestowed  that  vast  treasure 
upon  him  by  way  of  miracle ; thereby  denying  the  power  of  art  by  which 
it  was  certainly  effected,  to  establish  a miracle  performed  by  the  Romish 
saint/’  He  was  moreover  celebrated  for  his  hieroglyphics,  of  which  fac- 
similes are  given  in  Salmon’s  edition.  They  are  much  of  the  same  cast 
as  those  that  now  adorn  Moore’s  Almanac^  and  quite  as  edifying. 

In  Salmon’s  collection,  we  find  the  Marrow  of  Alchymy^  by  George 
Ripley,  Chanon  of  Bridlington  in  Yorkshire^  who  was  a chemist  perhaps 
less  deserving  of  the  reputation  he  acquired,  than  most  of  his  compeers. 
He  may  be  quoted  as  a chemical  poet.  His  Compound  of  Alcliemie^ 
dedicated  to  Edward  the  Fourth,  is  rugged  enough,  but  not  unintelli- 
gible. The  following  stanzas  from  the  preface  of  this  piece,  given  in 
Ashmole’s  Theatrum  Chemicum  Brilannicum^  will  afford  a fair  idea  of 
Ripley’s  merits  as  a poet  and  philosopher : — 

But  into  Chapters  thys  Treatis  I shall  devyde. 

In  number  twelve,  with  deAV  recapytulatyon ; 

Superfluous  rehearsalls  I lay  asyde, 

Intendyng  only  to  give  trew  informatyon, 

Both  of  the  theoryke  and  practycall  operatyon : 

That  by  my  wrytyng  who  so  wyll  guyded  be. 

Of  liys  intente  perfectly  speed  shall  he. 

The  fyrst  chapter  shall  be  of  naturall  Calcination; 

The  second  of  Dyssolution,  secret  and  phylosophycall; 

The  third  of  onr  elementall  Separation; 

The  fourth  of  Conjunction  matrimoniall ; 

The  fyth  of  Putrefaction  then  followe  shall : 

Of  Congelation  Albyficative  shall  be  the  sixt, 

Then  of  Cybation,  the  seaventh  shall  follow  next. 

The  secret  of  our  Sublymation  the  eyght  shall  show ; 

The  nynth  shall  be  of  Fermentatyon; 

The  tenth  of  our  Exaltation  I trow. 

The  elevent  of  our  mervelose  Multiplycatyon^ 

The  twelfth  of  Projection^  then  Recapitulatyon, 

And  so  this  treatise  shall  take  an  end. 

By  the  help  of  God,  as  I entend. 

Thus  here  the  Tract  of  Alchemie  doth  end ; 

Which  tract  was  by  George  Ripley,  Chanon,  penn’d. 

It  was  composed,  writt,  and  signed  his  owne, 

In  anno  twice  seaven  hundred  seaventy-one. 

Reader,  assist  him,  make  it  thy  desire 

That  after  lyfe  he  may  have  gentle  fire  ! Amen. 

The  degree  of  faith  placed  in  alchemy  was  of  course  much  shaken  by 
the  multiplied  experiments  which  were  undertaken  during  the  seventeenth 
century;  in  general,  however,  those  who  failed,  attributed  their  ill  success 
to  any  rather  than  the  real  cause.  Salmon’s  creed  is  that  of  most  of  his 
contemporaries.  “As  to  the  great  and  philosophic  work,”  says  he, 
(meaning  transmutation,)  “it  is  my  opinion  and  belief,  that  there  is  such 
a thing  in  nature.  I know^  the  matter  of  fact  to  be  true,  though  the  way 
and  manner  of  doing  it  is  as  yet  hid  from  me.  I have  been  eye-witness 
of  so  much  as  is  able  to  convince  any  man  endued  w ith  rational  faculties 
that  there  is  a possibility  of  the  transmutation  of  metals;  yet,  for  all  these 
things,  will  not  advise  any  man,  ignorant  of  the  power  of  nature  and  the 
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way  of  operation,  to  attempt  the  work,  lest,  erring  in  the  foundation,  he 
should  suffer  loss,  and  blame  me.  Without  doubt  it  is  a gift  of  God 
from  above,  and  he  that  attains  it  must  patiently  wait  the  moving  of  the 
waters;  when  the  destined  angel  moves  the  waters  of  the  pool,  then  is  the 
time  to  immerge  the  leprous  metal,  and  cleanse  it  from  all  impurities.” 

Van  IIelmont  says,  “ I am  constrained  to  believe  in  the  making  of 
gold  and  silver,  though  I know  many  exquisite  chemists  to  have  con- 
sumed their  own  and  other  men’s  goods,  in  search  of  this  mystery;  and  to 
this  day  we  see  these  worthy  and  simple  lal)ourers,  cunningly  deluded  by 
a diabolical  crew  of  gold  and  silver  sucking  flies  and  leeches.  But  I 
know  that  many  will  contradict  this  truth;  one  says  it  is  the  work  of  the 
devil,  and  another  that  the  sauce  is  dearer  than  the  meat.” 

Bergman,  in  summing  up  the  evidence  for  and  against  the  possibility 
and  probability  of  transmutation,  and  founding  his  opinion  upon  the  mul- 
titude of  relations  that  have  been  handed  down  to  us  by  different  writers 
of  apparent  veracity,  one  or  two  of  which  I shall  presently  quote,  observes 
that  “ although  most  of  them  are  deceptive,  and  many  uncertain,  some 
bear  such  character  and  testimony,  that,  unless  we  reject  all  historical 
evidence,  we  must  allow  them  entitled  to  confidence*.” 

For  my  own  part,  the  perusal  of  the  histories  of  transmutation  appears 
to  me  to  furnish  solid  ground  for  a diametrically  opposite  opinion.  They 
are  all  of  a most  suspicious  character;  sometimes  the  fraud  was  open  and 
intentional,  seconded  by  juggling  dexterity  ; at  other  times  the  performers 
deceived  themselves ; they  purchased  what  was  termed  a powder  of  projec- 
tion^ prepared  by  the  adepts,  containing  a portion  of  gold;  and  when  they 
threw  it  into  the  fire  with  mercury,  and  found  that  portion  of  gold  re- 
maining in  their  crucible,  they  mistook  its  source.  But  the  cases  which 
are  quoted  as  least  exceptionable,  are  often  exactly  those  which  are  really 
impossible;  namely,  where  the  weight  of  the  powder  of  projection,  and 
of  the  lead,  or  other  base  metal,  taken  conjointly,  was  exceeded  by  that  of 
the  gold  produced.  Such  is  Hiernes’  history  of  Paykul’s  transmutation, 
who,  with  six  drachms  of  lead  and  one  of  powder,  produced  an. ingot 
that  was  coined  into  one  hundred  and  forty-seven  ducats;  and  many 
others.  But  the  most  celebrated  history  of  transmutation  is  that  given 
by  IIelvetius,  in  his  Brief  of  the  Golden  Calf' ; discovering  the  rarest 
Miracle  in  Nature ; how  hy  the  smallest  j)ortion  of  the  Philosopher  s Slone, 
a great  Piece  of  Common  Lead  was  totally  transrmded  into  the  j)urest 
transplendent  Gold,  at  the  Hague,  in  1666;  and,  as  it  is  a luminous 
epitome  of  all  that  has  been  done  on  this  subject,  I shall  briefly  abridge 
the  proceedings  : — > 

“ The  27th  day  of  December,  1666,  in  the  afternoon,  came  a stranger 
to  my  house  at  the  Hague,  in  a plebeick  habit,  of  honest  gravity  and 
serious  authority,  of  a mean  stature  and  a little  long  face,  black  hair  not 
at  all  curled,  a beardless  chin,  and  about  forty-four  years  (as  I guess)  of 
age,  and  born  in  North  Holland.  After  salutation,  he  beseeched  me,  with 
great  reverence,  to  pardon  his  rude  accesses,  for  he  was  a lover  of  the 
Pyrotechniaii  art,  and  having  read  my  treatise  against  the  sympathetic 
powder  of  Sir  Kenelm  Digby,  and  observed  my  doubt  about  the  philoso- 
phic mystery,  induced  him  to  ask  me  if  I really  was  a disbeliever  as  to 
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the  existence  of  an  universal  medicine  which  would  cure  all  diseases,^ 
unless  the  principal  parts  were  perished,  or  the  predestinated  time  of 
death  come.  I replied,  I never  met  with  an  adept,  or  saw  such  a medi- 
cine, though  I had  fervently  prayed  for  it.  Then  I said,  surely  you  aie 
a learned  physician.  No,  said  he,  I am  a brass-founder,  and  a lover  of 
chemistry.  He  then  took  from  his  bosom-pouch  a neat  ivory  box,  and 
out  of  it  three  ponderous  lumps  of  stone,  each  about  the  bigness  of  a 
walnut.  I greedily  saw  and  handled  for  a quarter  of  an  hour  this  most 
noble  substance,  the  A'^alue  of  which  might  be  somcAvliere  about  twenty 
tons  of  gold;  and  having  drawn  from  the  owner  many  rare  secrets  of  its 
admirable  effects,  I returned  him  this  treasure  of  treasures  with  a most 
sorrowful  mind,  humbly  beseeching  him  to  bestow  a fragment  of  it  upon 
me  in  perpetual  memory  of  him,  though  but  the  size  of  a coriander  seed. 
No,  no,  said  he,  that  is  not  lawful,  though  thou  wouldst  give  me  as 
many  golden  ducats  as  would  fill  this  room;  for  it  would  have  particular 
consequences,  and  if  fire  could  be  burned  of  fire,  I would  at  this  instant 
rather  cast  it  all  into  the  fiercest  flames.  He  then  asked  if  I had  a 
private  chamber  whose  prospect  was  from  the  public  street ; so  I pre- 
sently conducted  him  to  my  best  furnished  room  backwards,  which  he 
entered,”  says  Helvetius,  (in  the  true  spirit  of  Dutch  cleanliness,) 
“ without  wiping  his  shoes,  which  were  full  of  snow  and  dirt.  I now 
expected  he  would  bestow  some  great  secret  upon  me  ; but  in  vain.  He 
asked  for  a piece  of  gold,  and  opening  his  doublet,  showed  me  five  pieces 
of  that  precious  metal  which  he  wore  upon  a green  riband,  and  which 
very  much  excelled  mine  in  flexibility  and  color,  each  being  the  size  of 
a small  trencher.  I now  earnestly  again  craved  a crumb  of  the  stone, 
and,  at  last,  out  of  his  philosophical  commiseration,  he  gave  me  a morsel 
as  large  as  a rape-seed;  but  I said,  this  scanty  portion  will  scarcely 
transmute  four  grains  of  lead.  Then,  said  he,  deliver  it  me  back:  which 
I did,  in  hopes  of  a greater  parcel;  but  he,  cutting  off  half  with  his  nail, 
said,  even  this  is  sufficient  for  thee.  Sir,  said  I,  wdth  a dejected  counte- 
nance, what  means  this?  And  he  said,  even  that  will  transmute  half 'an 
ounce  of  lead.  So  I gave  him  great  thanks,  and  said  I would  try  it,  and 
reveal  it  to  no  one.  He  then  took  his  leave,  and  said  he  would  call  again 
next  morning  at  nine.  I then  confessed,  that  while  the  mass  of  his 
medicine  was  in  my  hand  the  day  before,  I had  secretly  scraped  off  a bit 
with  my  nail,  which  I projected  on  lead,  but  it  caused  no  transmutation, 
for  the  whole  flew  away  in  fumes.  Friend,  said  he,  thou  art  more 
dexterous  in  committing  theft,  than  in  applying  medicine;  hadst  thou 
wrapt  up  thy  stolen  prey  in  yellow  wax,  it  would  have  penetrated  and 
transmuted  the  lead  into  gold.  I then  asked  if  the  philosophic  work  cost 
much  or  required  long  time,  for  philosophers  say  that  nine  or  ten  months 
are  required  for  it.  He  answered.  Their  writings  are  only  to  be  under- 
stood by  the  adepts,  without  whom  no  student  can  prepare  this  magistery. 
Fling  not  away,  therefore,  thy  money  and  goods  in  hunting  out  this  art, 
for  thou  shalt  never  find  it.  To  which  I replied.  As  thy  master  showed 
it  thee,  so  mayest  thou  perchance  discover  something  thereof  to  me,  who 
know  the  rudiments,  and  therefore  it  may  be  easier  to  add  to  a founda- 
tion, than  begin  anew.  In  this  art,  said  he,  it  is  quite  otherwise;  for 
unless  thou  knowest  the  thing  from  head  to  heel,  thou  canst  not  break 
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open  t1ie  glassy  seal  of  Hermes.  But  enough;  to-morrow,  at  the  ninth 
liour,  I will  show  thee  the  manner  of  projection.  But  Elias  never  came 
again;  so  my  wife,  who  was  curious  in  the  art  whereof  the  worthy  man 
had  discoursed,  teazed  me  to  make  the  experiment  with  the  little  spark 
of  bounty  the  artist  had  left  me;  so  I melted  half  an  ounce  of  lead,  upon 
which  my  wife  put  in  the  said  medicine;  it  hissed  and  bubbled,  and  in  a 
quarter  of  an  hour  the  mass  of  lead  was  transmuted  into  fine  gold,  at 
which  we  were  exceedingly  amazed.  I took  it  to  the  goldsmith,  who 
judged  it  most  excellent,  and  willingly  offered  fifty  florins  for  each 
ounce."  Such  is  the  celebrated  history  of  Elias  the  Artist,  and  Dr. 
Helvetius. 

Sir  Kenelm  Digby,  whose  name  is  mentioned  in  this  narrative,  was 
a renowned  dabbler  in  the  mysterious  art.  Under  the  date  of  seventh 
November,  1651,  in  Evelyn’s  Diary^^  “He  gave  me,"  says  Mr.  Evelyn, 

“ a certain  powder,  with  which  he  affirmed  that  he  had  fixed  mercury 
before  the  late  king.  He  advised  me  to  try  and  digest  a little  better, 
and  gave  me  a water  which  he  said  Avas  only  rain  water,  of  the  autumnal 
equinox,  exceedingly  rectified  and  very  volatile;  it  had  a taste  of  strong 
vitriolic,  and  smelt  like  aquafortis.  He  intended  it  for  a dissolvent  of 
calx  of  gold;  but  the  truth  is.  Sir  Kenelm  was  an  arrant  mountebank." 

The  following  is  another  history  of  transmutation,  given  by  Mangetus 
(Preface  to  the  Bibliotheca  Chernica  Curiosa)^  on  the  authority  of  M. 
Gros,  a clergyman  of  Geneva,  “ of  the  most  unexceptionable  character, 
and  at  the  same  time  a skilful  physician  and  expert  chemist.” 

“ About  the  year  1650  an  unknown  Italian  came  to  Geneva,  and  took 
lodgings  at  the  sign  of  the  Green  Cross,  After  remaining  there  a day 
or  two,  he  requested  De  Luc,  the  landlord,  to  procure  him  a man  ac- 
quainted with  Italian,  to  accompany  him  through  the  town,  and  point  out 
those  things  which  deserved  to  be  examined.  De  Luc  was  acquainted 
with  M.  Gros,  at  that  time  about  twenty  years  of  age,  and  a student  in 
Geneva,  and  knowing  his  proficiency  in  the  Italian  language,  requested 
him  to  accompany  the  stranger.  To  this  proposition  he  willingly  acceded, 
and  attended  the  Italian  everywhere  for  the  space  of  a fortnight.  The 
stranger  now  began  to  complain  of  want  of  money,  which  alarmed  M. 
Gros  not  a little,  for  at  that  time  he  was  very  poor,  and  he  became 
apprehensive,  from  the  tenor  of  the  stranger’s  conversation,  that  he 
intended  to  ask  the  loan  of  money  from  him.  But  instead  of  tliis,  the 
Italian  asked  him  if  he  was  acquainted  with  any  goldsmith,  whose  belloivs 
and  other  utensils  they  might  be  permitted  to  use,  and  who  would  not 
refuse  to  supply  them  with  the  different  articles  requisite  for  a particular 
process  which  he  wanted  to  perform.  M.  Gros  named  a M.  Bureau,  to 
whom  the  Italian  immediately  repaired.  He  readily  furnished  crucibles, 
pure  tin,  quicksilver,  and  the  other  things  required  by  the  Italian.  The 
goldsmith  left  his  w'orkshop,  that  the  Italian  might  be  under  the  less 
restraint,  leaving  M.  Gros,  with  one  of  his  own  workmen,  as  an  attendant. 
The  Italian  put  a quantity  of  tin  into  one  crucil)le,  and  a quantity  of 
quicksilver  into  another.  The  tin  Avas  melted  in  the  fire,  and  the  mercury 
heated.  It  Avas  then  poured  into  the  melted  tin,  and  at  the  same  time  a 
red  poAvder,  enclosed  in  Avax,  Avas  projected  into  the  amalgam.  An  agita- 
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tIoTi  took  place,  and  a great  deal  of  smoke  was  exhaled  from  the  crucible; 
hut  this  speedily  subsided,  and  the  whole  being  poured  out,  formed  six 
heavy  ingots,  having  the  color  of  gold,  dhe  goldsmith  was  called  in  by 
the  Italian,  and  requested  to  make  a rigid  examination  of  the  smallest  of 
these  ingots.  The  goldsmith,  not  content  with  the  touchstone,  and  the 
application  of  aquafortis,  exposed  the  metal  on  the  cupel  with  lead,  and 
fused  it  with  antimony,  but  it  sustained  no  loss.  He  found  it  possessed 
of  the  ductility,  and  specific  gravity  of  gold;  and  full  of  admiration,  he 
exclaimed,  that  he  had  never  worked  before,  upon  gold  so  perfectly  pure. 
The  Italian  made  him  a present  of  the  smallest  ingot  as  a recompense, 
and  then,  accompanied  by  M.  Gros,  he  repaired  to  the  Mint,  where  he 
received  from  M.  Bacuet,  the  mint-master,  a quantity  of  Spanish  gold 
coin,  equal  in  weight  to  the  ingots  which  he  had  brought.  To  M.  Gros 
he  made  a present  of  twenty  pieces,  on  account  of  the  attention  that  he 
had  paid  to  him ; and,  after  paying  his  bill  at  the  inn,  he  added  fifteen 
pieces  more,  to  serve  to  entertain  M.  Gros  and  M.  Bureau  for  some  days, 
and  in  the  mean  time  he  ordered  a supper,  that  he  might,  on  his  return, 
have  the  pleasure  of  supping  with  these  two  gentlemen.  He  went  out, 
but  never  returned,  leaving  behind  him  the  greatest  regret  and  admira- 
tion. It  is  needless  to  add,  that  M.  Gros  and  M.  Bureau  continued  to 
enjoy  themselves  at  the  inn,  till  the  fifteen  pieces,  which  the  stranger  had 
left,  were  exhausted.” 

Many  of  the  alchemists  have  given  in  detail  the  processes  for  the 
preparation  of  the  Philosopher  s Stone ; but  they  are  all  unsatisfactory, 
and  many  of  them  unintelligible*.  The  following,  which  is  one  of  the 
plainest,  is  offered  as  a sample  of  the  general  tenor  of  their  proceedings; 
it  is  the  formula  of  Carolus  Musitanust- 

“ 1 . Prepare  a quantity  of  spirit  of  wine,  so  free  from  water  that  it  is 
wholly  combustible,  and  so  volatile,  that  when  a drop  of  it  is  let  fall,  it  eva- 
porates before  it  reaches  the  ground;  this  constitutes  the  first  menstruum. 

“2.  Take  pure  mercury,  revived  in  the  usual  manner  from  cinnabar; 
put  it  into  a glass  vessel,  with  common  salt  and  distilled  vinegar;  agitate 
violently,  and  when  the  vinegar  acquires  a black  color,  pour  it  off  and 
add  new  vinegar ; agitate  again,  and  continue  these  repeated  agitations 
and  additions,  till  the  vinegar  ceases  to  acquire  a black  color  from  the 
mercury  : the  mercury  is  now  quite  pure  and  very  brilliant. 

3.  “ Take,  of  this  mercury,  four  parts  ; of  sublimed  mercury J {mercurii 
meleorisaii)^  prepared  with  your  own  hands,  eight  parts';  triturate  them 
together  in  a wooden  mortar,  with  a wooden  pestle,  till  all  the  grains  of 
running  mercury  disappear.  This  process  is  tedious  and  rather  difficult. 

“ 4.  The  mixture,  thus  prepared,  is  to  be  put  into  an  aludel,  on  a sand- 
bath,  and  exposed  to  a subliming  heat,  which  is  to  be  gradually  raised 
till  the  whole  sublimes.  Collect  the  sublimed  matter,  put  it  again  into 
the  aludel,  and  sublime  a second  time ; this  process  must  be  repeated 
five  times.  Thus  a very  sweet  and  crystallized  sublimate  is  obtained  : it 
constitutes  the  salt  of  wise  men  {sal  sapienlum)^  and  possesses  wonderful 
properties^. 

* See  Stahl’s  Fundamenta  Chcmioe,  J Probably  corrosive  sublimate, 
and  Junker’s  Conspectus  Chemice.  § Probably  calomel, 

t ISIangeti  Bibliotheca  Chemica. 
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‘‘  5.  Grind  it  in  a,  wooden  mortar,  and  reduce  it  to  powder;  put  it 
into  a glass  retort,  and  pour  upon  it  tlie  spirit  of  wine  (No.  1)  till  it 
stands  about  three  finger-breadths  above  the  powder;  seal  the  retort 
liermeticall}',  and  expose  it  to  a very  gentle  heat  for  seventy-four  hours, 
shaking  it  several  times  a day;  then  distil  with  a gentle  heat,  and  the 
spirit  of  wine  will  pass  over,  together  with  spirit  of  mercury.  Keep  this 
liquid  in  a well-stopped  bottle,  lest  it  should  evaporate.  More  spirit  of 
wine  is  to  be  poured  upon  the  residual  salt,  and  after  digestion,  it  must  be 
distilled  off  as  before;  and  this  process  must  be  repeated  till  the  whole 
salt  is  dissolved,  and  distilled  over  with  the  spirit  of  wine.  You  have 
now  performed  a great  work.  The  mercury  is  now  rendered  in  some 
measure  volatile,  and  will  gradually  become  fit  to  receive  the  tincture 
of  gold  and  silver.  Now  return  thanks  to  God,  who  has  hitherto  crowned 
your  wonderful  work  with  success ; nor  is  this  great  work  involved 
in  Cimmerian  darkness,  but  clearer  than  the  sun ; though  preceding 
writers  have  imposed  upon  us  with  parables,  hieroglyphics,  fables,  and 
enigmas. 

‘‘  6.  Take  this  mercurial  spirit,  which  contains  our  magical  steel  in 
its  belly,  put  it  into  a glass  retort,  to  which  a receiver  must  be  well 
and  carefully  luted ; draw  oflP  the  spirit  by  a very  gentle  heat ; there  will 
remain,  in  the  bottom  of  the  retort,  the  quintessence,  or  soul  of  mercury; 
this  is  to  be  sublimed  by  applying  a stronger  heat  to  the  retort  that  it 
may  become  volatile ; as  all  the  philosophers  express  themselves, 

Si  fixnm  solvas  faciesque  volare  soliitiim, 

Et  volucrum  figas  faciet  te  vivere  tutum. 

This  is  our  luna,  our  fountain,  in  which  the  king  and  queen  may  bathe. 
Preserve  this  precious  quintessence  of  mercury,  which  is  very  volatile,  in 
a well-shut  vessel  for  further  use. 

“ 7*  Let  us  now  proceed  to  the  operation  of  common  gold,  which  we 
shall  communicate  clearly  and  distinctly,  without  digression  or  obscu- 
rity; that  from  vulgar  gold  we  may  obtain  our  philosophical  gold,  just  as 
from  common  mercury  we  obtained,  by  the  preceding  processes,  philoso- 
phical mercury. 

‘‘In  the  name  of  God,  then,  take  common  gold,  purified  in  the  usual 
way  by  antimony,  convert  it  into  small  grains,  which  must  be  washed 
with  salt  and  vinegar,  till  it  be  quite  pure.  Take  one  part  of  this  gold, 
and  pour  on  it  three  parts  of  the  quintessence  of  mercury;  as  philosophers 
reckon  from  seven  to  ten,  so  we  also  reckon  our  number  as  philosophical, 
and  we  begin  with  three  and  one ; let  them  be  married  together  like 
husband  and  wife,  to  produce  children  of  their  own  kind,  and  you  will 
see  the  common  gold  sink  and  plainly  dissolve.  Now  tlie  marriage  is 
consummated;  now,  two  things  are  converted  into  one:  thus,  the  philoso- 
phical sulphur  is  at  hand ; as  the  philosophers  say,  the  sulphur  being  dis- 
solved, the  stone  is  at  hand.  Take  then,  in  the  name  of  God,  our  philoso- 
phical vessel,  in  which  the  king  and  queen  embrace  each  other  as  in  a 
bedchamber,  and  leave  it  till  the  water  is  converted  into  earth ; then 
peace  is  concluded  between  the  water  and  fire ; then  the  elements  have 
no  longer  anything  contrary  to  each  other ; because,  when  the  elements 
are  converted  into  earth,  they  no  longer  oppose  each  other ; for  in  earth 
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all  elements  are  at  rest.  For  tlie  philosophers  say,  ‘ When  you  shall 
have  seen  the  water  coagulate  itself,  think  that  your  knowledge  is  true, 
and  that  your  operations  are  truly  philosophical.’  The  gold  is  now  no 
longer  common,  hut  ours  is  philosophical,  on  account  of  our  processes : 
at  first  exceedingly  fixed,  then  exceedingly  volatile,  and  finally  exceed- 
ingly fixed;  and  the  whole  science  depends  upon  the  change  of  the 
elements.  The  gold  at  first  was  a metal ; now  it  is  a sulphur,  capable  of 
converting  all  metals  into  its  own  sulphur.  Now  our  tincture  is  wholly 
converted  into  sulphur,  which  possesses  the  energy  of  curing  all  diseases: 
this  is  our  universal  medicine  against  all  the  most  deplorable  diseases  of 
the  human  body ; therefore,  return  infinite  thanks  to  Almighty  God,  for 
all  the  good  things  which  he  has  bestowed  upon  us. 

“ In  this  great  work  of  ours,  two  modes  of  fermenting  and  pro- 
jecting are  wanting,  without  which  the  uninitiated  will  not  easily  follow 
our  process.  The  mode  of  fermenting  is  as  follows  : Take,  of  our  sulphur 
above  described,  one  part,  and  project  it  upon  three  parts  of  very  pure 
gold,  fused  in  a furnace  ; in  a moment  you  will  see  the  gold,  by  the  force 
of  the  sulphur,  converted  into  a red  sulphur  of  an  inferior  quality  to  the 
first  sulphur : take  one  part  of  this,  and  project  it  upon  three  parts  of 
fused  gold ; the  whole  will  be  again  converted  into  a sulphur,  or  a friable 
mass ; mixing  one  part  of  this,  with  three  parts  of  gold,  you  will  have  a 
malleable  and  extensible  metal.  If  you  find  it  so,  well ; if  not,  add 
other  sulphur,  and  it  will  again  pass  into  sulphur.  Now  the  sulphur  will 
be  sufficiently  fermented,  or  our  medicine  will  be  brought  into  a metallic 
nature. 

“ The  mode  of  projecting  is  this  : Take,  of  the  fermented  sulphur,  one 
part,  and  project  it  upon  ten  parts  of  mercuiy,  heated  in  a crucible,  and 
you  will  have  a perfect  metal ; if  its  color  is  not  sufficiently  deep,  fuse 
it  again,  and  add  more  fermented  sulphur,  and  thus  it  will  acquire  color. 
If  it  becomes  frangible,  add  a sufficient  quantity  of  mercury,  and  it  will 
be  perfect. 

‘‘Thus,  friend,  you  have  a description  of  the  universal  medicine,  not 
only  for  curing  diseases  and  prolonging  life,  but  also  for  transmuting  all 
metals  into  gold.  Give  therefore  thanks  to  Almighty  God,  Avho,  taking 
pity  on  human  calamities,  has  at  last  revealed  this  inestimable  treasure, 
and  made  it  known  for  the  common  benefit  of  all.” 

Nearly  all  the  alchemists  attributed  the  power  of  prolonging  life, 
either  to  the  philosopher’s  stone,  or  to  certain  preparations  of  gold ; 
imagining,  possibly,  that  the  permanence  of  that  metal  might  be  trans- 
ferred to  the  human  system.  The  celebrated  Descartes  is  said  to  have 
supported  such  opinions;  he  told  Sir  Kenelm  Digby,  that  although  he 
would  not  venture  to  promise  immortality,  he  was  certain  that  life  might 
be  lengthened  to  the  period  of  that  of  the  patriarchs.  His  plan,  however, 
seems  to  have  been  the  very  rational  one  of  limiting  all  excess  of  diet, 
and  enjoining  punctual  and  frugal  meals^. 

The  history  of  alchemy  has  been  greatly  enriched  by  the  labors  of 
the  celebrated  Elias  Ashmole,  who  in  1652  published  his  Theatrum 
ChemiCAim  Britannicum^  containing  several  Poeticall  Pieces  of  onr  famous 

* See  Life  of  Descartes,  Chalmers’s  Biographical  Dictionary, 
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English  Philosophers^  who  have  wriitcn  ihe  Hermetique  Mysteries  in 
their  owne  ancient  Lana-uasre. 

Tlie  most  remarkable  piece  hi  this  collection  is  the  Ordinall  of 
Alchimy^  by  Thomas  Norton,  illustrated  by  several  curious  cuts.  It 
treats,  in  separate  chapters,  of  the  objects  of  the  occult  science;  of  the 
difficulties  of  attaining  them;  of  the  different  methods  of  pursuing  them; 
of  the  characters  of  the  elements;  and  of  the  five  concords,  of  which  the 
first  is  Patience^  the  second  Assistance^  the  third  Instruments^  the  fourth 
Situation^  and  the  fifth  Planetary  Infuence.  It  is  difficult  to  select  from 
this  production  any  specimen  capable  of  conveying  an  idea  of  its  merits, 
that  can  come  within  the  limits  of  a quotation.  Perhaps  the  following 
lines,  picked  out  of  the  seventh  chapter,  touching  “the  Regiment  of 
Fiers,'’  may  serve  to  convey  some  idea  of  the  author’s  talents  in  the 
double  cajiacity  of  poet  and  philosopher: 

In  many  authors  written  yon  may  see, 

Totum  consistit  in  ignis  regimine; 

Wlierefore  in  all  things  so  proceed, 

That  heat  work  no  more  no  less  than  it  need; 

Wherein  many  of  Geber’s  cooks 

Deceived  were,  though  they  be  wise  in  books. 

Such  heate  wherewith  a pig  or  goose  is  scalded  ; 

In  this  arte  Decoction  it  is  called  ; 

Such  heate  as  dryeth  lawne  karchiefs  fair, 

In  thirty  operations  serveth  for  our  ayre  ! 

But  for  divisions  you  must  use  such  heate. 

As  cook’s  make  when  they  roaste  raw  meate. 

Ignis  humidus  another  fier  alsoe 

Is,  and  yet  seemeth  opposilum  in  adjecto: 

Another  fier  is  fier  of  desication, 

For  matters  which  be  imbibed  with  humectation. 

Ignis  corrodens  serveth  in  this  arte, 

Elementa  propinqua  wisely  to  depart. 

By  one  point  of  excess  all  your  work  is  shent. 

And  one  point  too  little  is  insufficient; 

Who  can  be  sure  to  find  its  true  degree, 

Magister  magnus  in  igne  shall  he  be. 

All  that  hath  pleasure  in  this  booke  to  reade. 

Pray  for  my  soule,  and  all  both  ciuick  and  deade. 

In  this  year  of  Christ  1477> 

This  work  was  begun,  honour  to  God  in  heaven. 

In  later  times  we  have  had  two  or  three  believers  in  transmutation. 
In  the  year  1782,  Dr.  Price  of  Guildford,  hy  means  of  a white  and  red 
powder,  professed  to  convert  mercury  into  silver  and  gold,  and  is  said  to 
have  convinced  many  disbelievers  of  the  possibility  of  such  change ; his 
experiments  were  to  have  been  repeated  before  an  adequate  tribunal,  but 
he  put  a period  to  his  existence  by  swallowing  laurel-water. 

Another  true  believer  in  the  mysteries  of  this  art  was  Peter  Woulfe, 
of  whom  it  is  to  be  regretted  that  no  biographical  memoir  has  been  pre- 
served. I have  picked  up  a few  anecdotes  respecting  him  from  two  or 
three  friends  who  were  his  acquaintance.  He  occupied  chambers  in 
Barnard'’s  Inn,  while  residing  in  London,  and  usually  spent  the  summer 
in  Paris.  His  rooms,  which  were  extensive,  were  so  filled  with  furnaces 
and  apparatus,  that  it  was  difficult  to  reach  his  fire-side.  Dr.  Babington  told 
me,  that  he  once  put  down  his  hat,  and  never  could  find  it  again,  such  was 
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the  confusion  of  boxes,  packages,  and  parcels,  that  lay  about  the  chamber. 
His  breakfast  hour  was  four  in  the  morning;  a few  of  his  select  friends 
were  occasionally  invited  to  this  repast,  to  whom  a secret  signal  was  given 
by  which  they  gained  entrance,  knocking  a certain  number  of  times  at 
the  inner  door  of  his  apartment.  He  had  long  vainly  searched  for  the 
elixir,  and  attributed  his  repeated  failures  to  the  want  of  due  preparation 
by  pious  and  charitable  acts.  I understand  that  some  of  his  apparatus  is 
still  extant,  upon  which  are  supplications  for  success,  and  for  the  welfare 
of  the  adepts.  Whenever  he  wished  to  break  an  acquaintance,  or  felt 
himself  offended,  he  resented  the  supposed  injury  by  sending  a present  to 
the  offender,  and  never  seeing  him  afterwards.  These  presents  were 
sometimes  of  a curious  description,  and  consisted  usually  of  some  expen- 
sive chemical  product  or  preparation.  He  had  an  heroic  remedy  for 
illness : when  he  felt  himself  seriously  indisposed,  he  took  a place  in  the 
Edinburgh  mail,  and,  having  reached  that  city,  immediately  came  back 
in  the  returning  coach  to  London.  A cold,  taken  on  one  of  these  expe- 
ditions,  terminated  in  an  inflammation  of  the  lungs,  of  which  he  died  in 
1805.  He  is  the  author  of  several  papers  in  the  Philosophical  Transactions. 
Several  pieces  of  his  apparatus,  and,  among  others,  an  athanor.,  or  self- 
supplying  furnace,  were  given  me  by  Mr.  Hatchett,  who  purchased  them 
of  Mr.  WouLFE:  they  are  in  the  Laboratory  of  the  Royal  Institution. 

A few  other  persons  of  less  note  might  be  quoted  as  believers  in 
transmutation,  but  the  history  of  one  is  that  of  all;  and,  in  the  emphatic 
language  of  Spenser,  they  were  doomed 

To  lose  good  days  that  might  be  better  spent, 

To  waste  long  nights  in  pensive  discontent; 

To  speed  to-day,  to  be  put  back  to-morrow, 

To  feed  on  hope,  to  pine  with  fear  and  sorrow ; 

To  fret  their  souls  with  crosses  and  with  cares. 

To  eat  their  hearts  through  comfortless  despairs  : 

Unhappy  wights  ! born  to  disastrous  end, 

That  do  their  lives  in  tedious  tendance  spend. 

But  although  the  Alchemists  have  given  us  little  in  the  way  of  useful 
facts  or  applicable  discoveries,  their  reign  was  fruitful  in  the  invention  of 
apparatus.  Alembics,  stills,  retorts,  receivers,  and  a variety  of  whimsical 
and  complex  vessels,  in  glass  and  porcelain,  are  described  and  depicted 
in  their  works;  and  they  not  only  possessed  nearly  all  the  furnaces  with 
which  our  modern  laboratories  are  necessarily  supplied,  but  were  parti- 
cularly expert  in  their  construction. 

§111. 

There  are  many  points  in  alchemical  history  which  have  been  purposely 
passed  over,  as  affording  nothing  worthy  of  remark,  and  as  suggesting 
nothing  that  throws  light  upon  the  brighter  ages  of  chemistry.  It  has 
been  too  common  to  load  the  alchemists  with  honors  which  they  ill 
deserve;  the  picture  of  their  proceedings,  already  given,  is  as  correct  and 
faithful  as  the  materials  that  compose  it  admit  of,  and  it  presents  little 
that  the  mind  rests  upon  with  satisfaction,  or  reverts  to  with  interest 
or  profit.  But  there  were  contemporaries  with  the  alchemists,  whose 
pursuits  were  conducted  upon  more  rational  principles,  and  whose  writings, 


OF  CHEMICAL  PHILOSOPHY. 


XIX 


tliougli  often  overshadowed  ])y  the  clouds  of  magic  and  astrology,  are,  in 
many  instances,  illumined  by  rays  of  sober  experimental  investigation ; 
they  often  indulge  in  the  insane  caprices  of  the  mere  searchers  for  the 
philosophers  stone,  but  their  madness  has  method  in  it,  and  their  wan- 
derings are  not  without  a plan. 

Of  these,  the  first  I shall  notice,  is  Basil  Valentine*  of  Erfurth, 
who  wrote  about  the  middle  of  the  fifteenth  century,  and  who  may  justly 
be  considered  as  one  of  those  whose  labors  contributed  to  the  foundation 
of  modern  chemistry:  his  experiments  always  had  an  object,  and  he  details 
them  with  intelligible  perspicuity.  It  is  true  that  he  often  launches  into 
alchemy,  but  he  returns  unpolluted  by  its  follies:  where  he  speaks  as  an 
adept,  he  is  as  absurd  as  need  be;  but,  as  the  narrator  of  experiments,  he 
abounds  in  shrewd  remarks,  and  was  uncommonly  successful  in  his  pur- 
suits. The  extant  works  of  Basil  Valentine  are  not  numerous,  and 
they  have  mostly  become  scarce.  In  1671  his  Triimphal  Chariot  of 
Antimony  was  republished  at  Amsterdam,  from  the  original  edition  of 
1624,  with  copious  notes  by  Dr.  Theodore  Kirkringius;  and  a few  years 
after,  an  English  translation  of  that  celebrated  production  was  printed  at 
London.  In  1644  his  Haliographia  appeared  at  Bologna.  This  work 
treats  of  the  preparation,  uses,  and  virtues  of  mineral,  animal,  and  vege- 
table salts,  and  is  a curious  and  well-digested  body  of  information  upon  a 
variety  of  chemical  subjects.  These  are  the  only  works  of  Basil  Valen- 
tine that  I have  been  able  to  meet  with,  and  I believe  they  contain  the 
pith  of  his  chemical  knowledge.  In  both  these  works  he  appears  in  the 
double  capacity  of  chemist  and  physician.  In  physic  he  was  a brave 
champion  for  the  chemical  sect,  and  his  Trkmiphal  Chariot  of  Antimony^ 
especially,  abounds  in  reflections,  not  of  the  mildest  description,  upon  the 
practice  and  theories  of  his  adversaries,  whom  he  despises,  because,  unable 
to  prepare  their  own  medicines;  “they  know  not  whether  they  be  hot  or 
cold;  moist  or  dry;  black  or  white;  they  only  know  them  as  written  in 
their  books,  and  seek  after  nothing  but  money.  Labour  is  tedious  to 
them,  and  they  commit  all  to  chance;  they  have  no  conscience;  and  coals 
are  outlandish  wares  with  them;  they  write  long  scrolls  of  prescriptions, 
and  the  apothecary  thumps  their  medicine  in  his  mortar,  and  health  out 
of  the  patient.” 

But  when  we  find  many  most  important  facts  recorded  in  the  pages 
of  this  writer,  we  shall  readily  excuse  the  irrelevant  matter  by  which  they 
are  accompanied;  and,  in  this  view,  his  writings  deserve  the  attentive 
perusal  of  those  who  would  trace  modern  improvements  to  their  parent 
inventions  and  discoveries,  and  these  to  their  more  remote  and  recondite 
sources.  To  say  nothing  of  the  important  preparations  of  antimony  with 
•which  Basil  Valentine  enriched  the  Materia  Medica,  and  of  which  he 
has  given  an  intelligible  and  copious  account  in  the  Currus  Triumphalis^ 
we  find,  in  his  works,  the  first  accurate  directions  for  the  preparation  of 
nitric,  hydrochloric,  and  sulphuric  acids;  and  were  these  his  only  contri- 
butions to  the  laboratory,  I need  hardly  say  how  richly  he  merits  the 
eulogies  of  the  moderns,  when  we  reflect  upon  the  numerous  uses  to 
which  those  acids  are  now  applied,  upon  their  importance  in  several 
of  the  most  refined  and  extensive  branches  of  art,  and  upon  the  ad- 
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vances  in  teclinical  and  scientific  chemistry  ■which  have  been  attained 
by  their  aid. 

In  order  to  obtain  the  water  of  nitre^  for  by  that  name  he  designates 
the  acid,  Valentine  directs  us  to  distil  three  parts  of  powdered  earthen- 
ware with  one  of  nitre.  The  mixture  is  to  be  subjected  in  a proper 
earthen  alembic  to  a red  heat,  and  a capacious  receiver  annexed.  Now, 
this  process  is,  in  some  places,  still  practised,  and,  although  neither  con- 
venient, nor,  generally  speaking,  economical,  the  acid  it  affords  is  sut- 
ficiently  pure.  The  opinion  of  the  old  chemists,  respecting  this  production 
of  nitric  acid,  was,  that  the  clay  held  down  the  nitre  so  as  to  expose  it  to 
the  searching  influence  of  the  fire ; but  the  decomposition  chiefly  depends 
upon  the  attraction  of  the  potassa  of  the  nitre  for  the  ingredients  of  the 
clay,  a kind  of  red  slag  remaining  in  the  retort. 

Another  mode  of  procuring  nitric  acid  mentioned  by  this  waiter, 
though  probably  of  more  ancient  date,  since  Raymond  Lully  seems  to 
have  known  it,  comes  nearer  to  the  process  now  in  common  use,  and 
may,  in  many  situations,  be  conveniently  and  economically  practised. 
It  consists  in  distilling  equal  parts  of  nitre  and  green  vitriol.  The  residue 
consists  of  sulphate  of  potassa  and  oxide  of  iron;  the  former  may  be 
separated  by  washing  with  hot  water,  and  an  oxide  of  iron,  of  a deep 
red  color,  remains,  used  by  the  polishers  of  plate-glass,  under  the  name 
of  colcothar. 

Under  the  directions  for  preparing  the  salt  of  gold  in  the  Haliogra- 
jihia^  I find  a third  mode  suggested  for  the  production  of  acid  from  nitre, 
which  consists  in  distilling  saltpetre  with  finely-pounded  flints.  It  de- 
pends upon  the  attraction  of  silica  for  potassa,  w^hich  combine  to  form 
a glassy  slag,  or  silicate  of  potassa. 

Such  are  the  facts  which  are  recorded  by  Basil  Valentine  respecting 
the  preparation  of  nitric  acid;  he  termed  it  ivater^  or  acid  spirit  of  nitre. 
It  was  afteiwvards  called  aquafortis ; and  its  property  of  dissolving  gold, 
with  the  addition  of  sal  ammoniac,  or  of  hydrochloric  acid,  is  often 
adverted  to  and  descanted  upon  by  the  same  author. 

For  nearly  twm  hundred  years  after  the  discovery  of  aqucfortis^  its 
chemical  history  was  but  little  advanced ; nor,  indeed,  were  any  facts  of 
importance  respecting  its  true  nature  made  out,  until  Dr.  Priestley  and 
Mr.  Cavendish  commenced  their  researches,  about  the  middle  of  the  last 
century. 

But  the  discovery  of  nitric  acid  is  certainly  second  in  importance  to 
that  of  oil  of  vitriol,  or,  as  it  is  now  called,  sulphuric  acid,  the  honor  of 
■\\hich  is  also  due  to  Basil  Valentine;  for  it  is  not,  as  far  as  my  infor- 
mation goes,  desciibed  in  any  earlier  writer;  he  frequently  mentions  it, 
and  the  mode  of  its  pieparation;  and  Paracelsus,  and  the  authors  who 
hnmediately  followed,  talk  of  it  as  well  known,  and  in  common  use,  though 
It  is  probable  that  it  bore  a high  price,  and  was  but  scantily  supplied. 

In  the  Currus  Triumphalis,  the  spirit  afforded  by  the  distillation  of 
vitriol  IS  not  unfrequently  adverted  to,  and  its  action  upon  certain  anti- 
monial  compounds  so  fully  desciibed,  as  to  leave  no  doubt  respecting  its 
nature.  In  the  Haliographia,  however,  oil  of  vitriol  is  distinctly  men- 
tioned; and,  what  is  curious,  we  find  in  the  chapter  of  that  tract  relating 
to  the  extraction  of  the  salts  of  iron,  particular  directions  for  the  prepara- 
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tion  of  sulphate  of  iron^  by  dissolving  iron  filings  in  a mixture  of  one  part 
of  oil  of  vitriol  and  two  of  water:  this  solution,  he  says,  “when  put 
aside  in  a cool  place,  soon  forms  beautiful  crystals;”  and  in  another 
section  we  are  told,  that  “this  salt  is  an  excellent  tonic;  that  it  comforts 
weak  stomachs;  and  that,  externally  applied,  it  is  an  admirable  styptic.” 
And  this,  in  fact,  is  nearly  all  that  we  can  say  of  the  preparation  and 
medical  uses  of  this  salt  of  iron,  at  the  present  day. 

The  mode  of  obtaining  sulphuric  acid  by  the  distillation  of  sulphate 
of  iron,  or  green  vitriol,  is  still  extensively  practised  upon  the  Continent, 
in  Germany,  Sweden,  and  more  especially  at  Bleyl,  in  Bohemia*.  The 
vitriol  is  first  deprived  of  water  of  crystallization,  and  then  submitted,  in 
glass  retorts  coated  with  clay,  to  a red  heat;  white  fumes  pass  over  into 
the  receivers,  which  become  very  hot  during  the  condensation  of  these 
fumes  into  an  unctuous  reddish-brown  fluid,  which,  from  its  viscidity  and 
appearance,  acquired  the  name  of  oil  of  vitriol:  there  remains  in  the 
vessels  a substance  of  a fine  red  color,  which,  when  w^ashed  and  levi- 
gated, furnishes  the  colcothai\  or  caput  mortuum  of  vitriol ; for  the  old 
chemists  were  in  the  habit  of  representing  the  dregs  and  last  products  of 
substances  by  the  symbol  of  a death'^s  head  and  cross-bones. 

The  oil  of  vitriol,  thus  prepared,  exhales  fumes  when  exposed  to  a moist 
atmosphere,  and  occasionally  congeals  or  crystallizes;  circumstances  which 
led  to  its  name  of  glacial  oil  of  vitriol^  and  which  show  that  it  differs 
from  the  acid  as  ordinarily  prepared.  It  contains,  in  fact,  the  anhydrous 
acid. 

That  sulphur,  during  combustion,  produces  a portion  of  acid  matter, 
seems  to  have  been  known  at  a very  early  period;  the  method  of  obtain- 
ing sulphuric  acid  by  burning  a mixture  of  sulphur  and  nitre  is  described 
by  Valentine  in  his  Chariot  of  Antimony^  under  the  name  of  oil  of 
a7ithnony^  for  he  employed  sulphuret  of  antimony,  as  well  as  sulphur,  in 
its  production.  The  original  recipe  runs  thus: 

“ Take  of  antimony,  sulphur,  salt  nitre,  of  each  equal  parts,  fulminate 
them  under  a bell,  as  oil  of  sulphur,  per  campanarn^  is  made,  which  way 
of  preparing  hath  long  since  been  known  to  the  ancients;  but  you  will 
have  a better  way  if  instead  of  a bell  you  take  an  alembic,  and  apply  to 
it  a recipient;  so  you  will  obtain  more  oil,  which  will  indeed  be  of  the 
same  color  as  that  made  of  common  sulphur,  but  in  powers  and  virtues  not 
a little  more  excellent.” 

Dr.  Ward,  the  inventor  of  many  celebrated  nostrums,  was  the  first 
person  who  brought  this  mode  of  preparing  sulphuric  acid  into  notice  in 
England;  he  obtained  a patent  for  the  invention,  and  for  a considerable 
time  monopolized  the  manufacture.  At  length  Dr.  Roebuck,  an  eminent 
physician  of  Birmingham,  substituted  an  apparatus  of  lead,  for  the  glass 
vessels  previously  used.  This  was  in  1746,  since  which  the  price  of 
sulphuric  acid  has  been  greatly  reduced,  and  the  manufacturer  conse- 
quently enabled  to  employ  it  for  a variety  of  purposes,  to  which  it  Avas 
previously  inapplicable,  from  its  scarcity  and  high  price.  In  1772,  the 
first  manufactory  of  sulphuric  acid  near  the  metropolis  AA^as  established 
by  JMessrs.  Kingscote  and  Walker,  at  Batterseaf. 

* Aikin’s  Dictionary,  art.  Sulphuric  + Parkes’  Chemical  Essays,  A’^ol.  ii,, 
Acid.  , p.  388. 
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I have  mentioned  that  the  necessity  and  advantages  of  nitre,  as  an 
addition  to  sulphur  in  increasing  the  acid  product,  were  known  to  Valen- 
tine; but  the  manner  in  which  it  operates,  is  a later  discovery.  As  the 
expense  of  the  operation  is  increased  by  it,  many  attempts  have  been 
made  to  supersede  its  use,  by  the  employment  of  other  materials,  under 
the  impression  that  it  merely  furnished  oxygen;  but  a little  reflection 
easily  proves  the  fallacy  of  such  a notion;  for,  even  if  we  burn  sulphur 
in  pure  oxygen,  sulphurous,  and  not  sulphuric  acid,  is  the  result.  The 
solution  of  this  chemical  problem  has  been  chiefly  effected  by  the  re- 
searches of  MM.  Clement  and  Desormes,  and  Sir  H.  Davy,  who  have 
proved  that  the  products  of  the  nitre  are  concerned  in  transferring  oxygen 
to  the  sulphur.  A patent  has  more  lately  been  taken  out  for  a mode 
of  preparing  sulphuric  acid  by  the  combustion  of  pyrites,  without  the 
intervention  of  nitre,  but  its  success  is  doubtful. 

The  numerous  antimonial  preparations  described  in  the  Chariot  of 
Antimony  deserve  more  notice  than  they  have  generally  received  from  the 
chemical  historian ; and  the  perusal  of  that  work  affords  some  insight  into 
the  celebrated  disputes  between  the  galenical  and  chemical  physicians, 
which  were  afterwards  pushed  so  far  by  Paracelsus. 

Basil  Valentine,  adverting  to  the  notion  that  antimony*  was  poison- 
ous, tells  us,  that  its  noxious  qualities  may  not  only  be  subdued  by  art, 
but  that  various  properties  may  be  communicated  to  its  different  prepara- 
tions— “ As  a blacksmith,”  he  says,  “ with  one  sort  of  fire,  and  iron  only 
is  his  matter,  of  which  he  forms  divers  instruments.  Sometimes  he 
makes  a spit,  at  another  time  horse-shoes,  another  time  a saw,  and  at 
length  innumerable  other  things,  every  one  of  which  serves  for  that  use 
for  which  the  smith  intended  it.  So  of  antimony  various  works  may  be 
made  for  different  uses;  in  which  the  artist  is  the  smith  that  forms, 
Vulcan  is  the  key  which  opens,  and  operation  and  utility  give  experience 
and  knowledge  of  the  use.  Oh,  if  foolish  and  vain  men  would  hear  and 
understand  what  I write,  they  would  not  suck  their  turbid  and  insalu- 
brious potions,  but  hasten  to  these  limpid  fountains,  and  drink  of  the 
well  of  life.” 

In  pursuing  his  defence  of  antimony,  the  author  allows  its  venomous 
nature,  but  then  tells  us,  that  upon  that  circumstance  its  value  in  medicine 
depends,  upon  the  principle  that  venom  draws  venom  to  itself;  and 
adduces,  as  proof  of  this  position,  the  well-known  fact,  as  he  terms  it, 
that  a dried  toad  reduced  to  powder  and  sprinkled  upon  the  wound 
occasioned  by  a viper’s  bite,  cures  it. 


§ IV. 

Paracelsus  comes  next,  in  chronological  order,  to  his  predecessor  Basil 
Valentine,  but,  as  a chemist,  he  falls  far  short  of  that  master;  his  original 

It  is  probable  that  the  "w  or  A.  Anti-  1 that  his  fellow  monks  would  be  the  better 
mony ^ was  first  used  by  Basil  Valentine.  [ for  a like  dose,  they  having  become  lean 
Tradition  relates  that  having  throAvn  ! by  fasting  and  mortification.  The  expe- 
some  of  it  to  the  hogs,  after  it  had  ! riment,  liowever,  failed,  and  they  died ; 
purged  them  heartily,  they  immediately  | Avhence  the  medicine  was  called  Anti- 
tattened;  and,  therefore,  he  imagined  ! moine. 
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discoveries  are  few  and  unimportant,  and  his  great  merit  lies  in  the 
boldness  and  assiduity  which  he  displayed  in  introducing  chemical  pre- 
parations into  the  Materia  Medica,  and  in  subduing  the  prejudices  of 
the  galenical  physicians  against  the  productions  of  the  laboratory.  The 
principal  events  of  his  life  are  the  following:  His  real  name  was  Philip 
IIociiENER,  which  he  changed,  on,  commencing  his  professional  career, 
into  Theophrastus  Bombastus  Paracelsus*.  At  an  early  age  he 
visited  the  most  renowned  towns  in  Europe,  and,  returning  to  his  native 
country,  was  made  Professor  of  Medicine  and  Chemistry  at  Basle;  he 
availed  himself  of  this  public  situation,  not  to  instruct  the  unlearned,  but 
to  vilify  his  contemporaries  and  predecessors.  It  is  generally  said  that 
his  dissolute  manners  and  intractable  temper  obliged  him  to  quit  his 
occupation.  But  others  have  told  a more  plausible  story;  a rich  Canon 
fell  sick,  and  getting  frightened,  offered  a hundred  florins  to  any  one  wdio 
would  cure  him.  Paracelsus  administered  three  pills,  and  the  Canon 
got  well ; but  being  so  soon  restored,  and  by  such  simple  means,  he 
refused  to  fulfil  his  promise.  The  matter  was  brought  before  a magis- 
trate, who  decreed  that  the  doctor  should  only  recover  the  customary  fee. 
Irritated  at  the  flimsy  excuses  and  unpardonable  ingratitude  of  the  priest, 
and  at  the  magistrate’s  partial  decision,  Paracelsus  declared  that  he 
w'ould  leave  the  inhabitants  of  Basle  to  the  eternal  destruction  which 
they  deserved : he  then  retired  to  Strasburgh,  and  thence  into  Hungary, 
where  he  took  to  drinking,  and  died  in  great  poverty  at  Salzburgh,  in 
1541,  and  in  the  forty-third  year  of  his  age.  Though  we  can  fix  upon 
no  particular  discovery  on  which  to  found  his  merits  as  a chemist,  and 
though  his  writings  are  deficient  in  the  acumen  and  knowledge  displayed 
by  several  of  his  contemporaries  and  immediate  successors,  especially  by 
Theodore  de  Mayerne,  and  Du  Ciiesne,  or,  as  he  was  generally  called, 
QuERCiTANUst,  it  is  Undeniable  that  he  gave  a most  important  turn  to 
pharmaceutical  chemistry;  and  calomel,  first  described  by  Crollius;!:  in 
1609,  with  a variety  of  mercurial  and  antimonial  preparations,  as  like- 
wise opium,  came  into  general  use.  Although  the  chemical  physicians, 
however,  were  very  successful,  they  were  aware  of  the  unpopularity  of 
their  means;  people  were  frightened  at  the  idea  of  mercury  and  antimony, 


* “ Himc  virum,”  says  Boerhaave, 
“alii  coluerunt  pro  Deo ; imo,  locutus  sum 
cum  hominibus  qui  credunt  eum  non  esse 
mortuiim,  sed  vivum  sedere  in  sepulchre, 
pertmsum  peccatorum  et  malorum  ho- 
minmn.”  The  following  is  an  illustrative 
anecdote  of  his  impudence  : “ Cum  ad- 
scenderet  Cathedram  physico-medicam, 
sumsit  vas  seneum  cum  igne,  immisit 
sulphur  et  nitrum,  et  simul  Galenum, 
Avicennam,  et  Arabes  conjecit  in  ignem, 
dicens,  sic  vos  ardeditis  in  gehenna.” 

+ Du  Chesne  was  a native  of  Gascony, 
and  physician  to  Henry  the  Fourth. 

X Oswald  Crollius  Avas  physician  to 
the  Prince  of  Anhalt,  and  a counsellor 
of  the  Emperor  Ilodolph  the  Second. 
His  practice  and  system  Avere  opposed 


by  the  celebrated  Andrew  Libavius,  of 
Ilalle,  Avho  died  in  1616.  His  Avorks 
Avere  published  in  1615,  at  Frankfort,  in 
3 vols.,  folio.  Libavius  Avas  succeeded 
by  Angelus  Sala,  of  Vicenza,  physician 
to  the  Duke  of  Meckleuburgh  ScliAverin, 
Avhose  works  were  published  at  Frank- 
fort, in  1647,  in  1 voh,  4to.  The  perusal 
of  these  authors  Avill  be  interesting  to 
those  who  are  studying  the  history  of 
medicine,  on  account  of  the  important 
additions  Avhich  they  made  to  Chemical 
Pharmacy,  and  the  neAv  substances  with 
which  they  enriched  the  Materia  Medica. 
They  Avere  followers  of  the  doctrines  of 
Paracelsus,  but  divested  their  practice 
of  the  absurdities  in  Avhich  his  tenets 
were  involved. 
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wliicli  W6r6  accordingly  exliibited  under  fantastic  and  assumed  names. 
Towards  the  end  of  the  fifteenth  century,  the  use  of  antimony  was  pro- 
hibited at  Paris;  and  Besnier  was  expelled  the  faculty  for  having  perse- 
vered in  administering  it.  In  England,  chemical  medicines  first  began 
to  be  extensively  employed  in  the  reign  of  Charles  the  First.  In  1644 
Schroder  published  his  Chemico-Medical  P harmctcoj^oela ; and  shortly 
after,  that  of  the  London  College  made  its  appearance;  but  although 
the  history  of  pharmaceutical  chemistry  must  not  be  blended  with  the 
abstract  progress  of  the  science,  yet  should  it  not  be  forgotten,  that  the 
great  modern  improvements  in  chemistry  have  sprung  from  its  applica- 
tions to  medicine,  and  that  the  foundations  of  chemical  science  are  to  be 
found  in  the  medical  and  pharmaceutical  writers  of  the  sixteenth  century, 
who  rescued  it  from  the  hands  of  the  alchemical  pretenders,  and  gave  it 
a place  and  character  of  its  own. 

The  enthusiastic  ravings  of  Paracelsus,  tended  to  awaken  the  more 
solid  talents  of  Yan  Helmont  of  Brussels,  who  flourished  in  the  early 
part  of  the  seventeenth  century,  and  who  studied  and  admired  the  works 
of  his  less  modest  predecessor.  Van  Helmont  has  left  a curious  memoir, 
containing  a sketch  of  his  own  life,  and  exhibiting  the  various  circum- 
stances that  gave  an  impulse  to  his  proceedings,  and  the  different  causes 
that  suggested  his  pursuits.  In  this  biographical  relic,  there  is  a vein  of 
sound  and  unafi’ected  argument,  wLich  displays  a very  amiable  turn 
of  mind  in  the  writer.  It  would,  however,  be  irrelevant  to  my  present 
subject,  to  give  more  than  a brief  abstract,  illustrative  of  the  style  and 
pursuits  of  the  author:  “In  1594,  being  then  seventeen  years  of  age, 
I finished  my  course  of  philosophy;  but  upon  seeing  none  admitted 
to  examinations  at  Louvain  who  were  not  in  a gown  and  hood,  as  though 
the  garment  made  the  man,  I was  struck  with  the  mockery  of  taking 
degrees  in  arts.  I therefore  thought  it  more  profitable  seriously  and 
conscientiously  to  examine  myself;  and  then  I perceived  that  I really 
knew  nothing,  or,  at  least,  nothing  that  was  worth  knowing.  I had,  in 
fact,  merely  learned  to  talk  and  to  wrangle,  and  therefore  refused  the 
title  of  Master  of  Arts,  finding  that  nothing  was  sound,  nothing  true,  and 
unwilling  to  be  declared  master  of  the  seven  arts,  when  my  conscience 
told  me  I knew  not  one.  The  Jesuits,  who  then  taught  philosophy  at 
Louvain,  expounded  to  me  the  disquisitions  and  secrets  of  magic;  but 
these  were  empty  and  unprofitable  conceits;  and,  instead  of  grain,  I 
reaped  stubble.  In  moral  philosophy,  when  I expected  to  grasp  the 
quintessence  of  truth,  the  empty  and  swollen  bubble  snapped  in  my 
hands.  I then  turned  my  thoughts  to  medicine,  and  having  seriously 
read  Galen  and  Hippocrates,  noted  all  that  seemed  certain  and  incon- 
trovertible ; but  was  dismayed,  upon  revising  my  notes,  when  I found  that 
the  pains  I had  bestowed,  and  the  years  I had  spent,  were  altogether 
fruitless ; but  I learned  at  least  the  emptiness  of  books,  and  formal  dis- 
courses, and  promises  of  the  schools.  I went  abroad,  and  there  I found 
the  same  sluggishness  in  study,  the  same  blind  obedience  to  the  doctrines 
of  their  forefathers,  the  same  deep-rooted  ignorance*.” 


* Johannis  Baptistje  Yan  Helmont  [ extract  is  from  the  Studia  Auctoris, 
Opera  omnia.  Hafn.  1707.  The  above  1 p.  16. 
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Van  Helmont  was  called  by  liis  contemporaries,  an  insane  enthusiast; 
but  there  is,  even  in  the  imperfectly  translated  and  brief  quotation  which 
I have  taken  from  the  history  of  his  studies,  a propitious  gleam  of  that 
dawn  of  improvement  which  was  diffused  over  science  by  the  genius  of 
Lord  Bacon. 

The  doctrine  of  the  Chemical  Elements  was  in  full  vogue  during  the 
time  of  Yan  Helmont,  Paracelsus,  and  Valentine,  and  salt,  sulphur, 
and  mercury,  are  unequivocally  mentioned  as  the  ultimate  component 
parts  of  almost  all  the  forms  of  matter.  In  the  writings  of  Van  Helmont, 
there  are  sundry  allusions  to  the  existence  of  aeriform  bodies,  and  the 
word  gas^  now  in  common  use,  and  applied  to  all  aeriform  matters 
differing  from  atmospheric  air,  first  occurs  in  his  pages:  he  also  distin- 
guishes between  condensible  gases,  or  vapors,  and  incondensible,  or  per- 
manently elastic  fluids ; and  under  the  term  gas  silvestre^  he  seems  to 
comprehend  Avhat  was  afterwards  called  Jixed  air.  As  to  the  general 
tenor  of  his  writings,  it  is  difficult  to  separate  the  chemistry  from  the 
miscellaneous  matters,  and  more  especially  from  the  medical  commentaries 
with  which  it  is  blended ; but  they  abound  in  hints  and  observations, 
which  are  ingenious  and  acute.  In  his  experiments  on  air,  he  argued 
very  plausibly  on  its  weight  and  elasticity;  and  has  detailed,  with  much 
precision,  the  effect  of  temperature  and  pressure,  in  his  description  of  the 
air  thermometer. 

Entering  upon  the  seventeenth  century,  the  historian  of  Experimental 
Science  must  ever  pause  to  pay  a tribute  of  gratitude  and  respect  to  the 
celebrated  Francis  Bacon;  a man  whose  faults  as  a stateman,  have  been 
eclipsed  to  the  eyes  of  posterity,  by  the  brilliancy  and  excellence  of  his 
philosophical  character. 

It  may  usually  be  observed,  that  those  who  are  gifted  by  nature 
with  superior  genius  or  uncommon  capacity,  Avho  are  destined  to  reach 
the  meridian  of  science,  or  to  attain  exalted  stations  in  the  learned  pro- 
fessions, have  exhibited  early  symptoms  of  future  greatness : either  inde- 
fatigable industry,  or  extraordinary  sagacity,  or  ardent  enthusiasm,  have 
marked  their  entrance  into  the  affairs  of  life.  At  the  age  of  sixteen, 
Bacon  was  distinguished  at  Cambridge;  and  very  shortly  afterwards, 
struck  with  the  frivolous  subtilty  of  the  tenets  of  Aristotle,  he  appears 
to  have  turned  his  mind  into  that  channel  which  led  on  to  future  emi- 
nence. The  solid  foundation  of  his  scientific  character,  is  the  Instauration 
of  the  Sciences.  It  opens  Avith  a general  and  philosophical  survey  of  the 
subject;  AAdience  he  proceeds  to  infer  the  futility  of  the  ancient  philoso- 
phical systems,  and  to  point  out  Induction,  from  sober  and  severe  experi- 
ment, as  the  only  road  to  truth.  Pursue  this,  he  says,  and  Ave  shall 
obtain  ncAV  poAvers  over  nature;  Ave  shall  perform  works  as  much  greater 
than  Avere  supposed  practicable  by  natural  magic,  as  the  real  actions  of  a 
CcBsar  surpass  the  fictitious  ones  of  a hero  of  romance.  Speculative  Phi- 
losophy he  likens  to  the  lark,  who  brings  no  returns  from  his  elevated 
flight ; Experimental  Philosophy  to  the  falcon,  Avbo  soars  as  high,  and 
returns  the  possessor  of  his  prey.  Illustrations  of  the  ncAV  method  of 
philosophizing,  and  the  mode  of  arranging  results,  conclude  this  admirable 
and  unrivalled  performance. 

To  do  justice  to  this  A\mrk,  Ave  must,  for  a moment,  forget  the  present 
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healthy  and  vigorous  constitution  of  science,  and  view  it  deformed  and 
sickly  in  the  reign  of  Elizabeth.  We  shall  then  not  he  surprised  at  the 
irrelative  observations  and  credulous  details  which  occasionally  blemish 
this  masterly  production  of  the  human  mind. 

But  the  history  of  Lord  Bacon  furnishes  other  materials  for  reflection. 
Upon  the  accession  of  James  the  First,  he  became  successively  possessed 
of  the  highest  honors  of  the  law,  and  acquired  great  celebrity  as  a public 
speaker  and  a man  of  business ; yet,  amidst  the  harassing  duties  of  his 
laborious  avocations,  he  still  found  time  to  cultivate  and  adorn  the  paths 
of  science,  the  pursuit  of  which  furnished  employment  for  his  scanty 
leisure,  and  relaxation  in  his  professional  toils;  and,  when  ultimately  dis- 
graced, “ his  genius,  yet  unbroken,  supported  itself  amidst  involved  cir- 
cumstances and  a depressed  spirit,  and  shone  out  in  literary  productions.” 
Nor  should  the  good  feeling  of  his  royal  master  remain  unmentioned, 
who,  after  remitting  his  fine,  and  releasing  him  from  his  prison  in  the 
Tower,  conferred  upon  him  a large  pension,  and  used  every  expedient 
to  alleviate  the  burden  of  his  age,  and  to  blunt  the  poignancy  of  his 
sufferings. 

After  the  death  of  Lord  Bacon,  which  happened  in  April,  1626,  in 
the  sixty-sixth  year  of  his  age,  the  records  of  science  began  to  assume  a 
brighter  aspect ; and  we  discern  true  knowledge  emerging  from  the 
dungeons  of  scholastic  controversy,  and  shaking  off  the  chains  of 
polemical  learning. 

The  middle  of  the  seventeenth  century  was  a period  extremely  fertile 
in  chemical  productions.  In  taking,  however,  a comprehensive  view  of 
the  writers  of  this  age,  there  are  a few  only  whose  labors  deserve  to  be 
recorded  as  connected  with  the  advancement  of  chemical  knowledge;  that 
is,  as  having  contributed,  by  new  views  and  discoveries,  to  the  progress  of 
what  may  be  termed  the  philosophy  of  the  science.  They  were  generally 
mere  recorders  of  insulated  facts,  or  publishers  of  ill-digested  and  imjjer- 
fectly  arranged  catalogues  of  the  various  preparations  that  were  used  in 
the  arts  and  in  medicine;  for  the  dread  witliAvhich  chemical  preparations 
were  viewed  by  physicians,  began  now  to  decline;  the  Materia  Medica 
was  filled  with  new  and  more  convenient  forms,  and  the  Pharmacopceice, 
published  under  the  authority  of  different  governments,  were  allowed  to 
divulge  the  preparation  of  calomel,  emetic  tartar,  and  several  other  im- 
portant and  useful  compounds. 

Among  the  writers  of  this  period  there  is  no  one  more  rich  in  facts, 
and  original  in  invention,  than  Glauber  of  Amsterdam.  Ivunckel  was 
a successful  promoter  of  chemistry  applied  to  the  arts:  he  Avrote  on  the 
production  of  phosphorus,  and  on  the  art  of  glass-making,  and  was  a 
favorite  at  many  courts  of  Europe,  more  especially  Avith  Charles  the 
Eleventh  of  Sweden,  who,  in  1693,  granted  him  letters  of  nobility.  In 
1 673,  Lemery,  the  elder,  conferred  much  service  on  chemistry  by  his 
dexterity  as  an  experimentalist,  and  by  the  plain,  perspicuous  style  in 
AAdiich  he  publicly  taught  the  rudiments  of  the  science.  The  discovery  of 
phosphorus  belongs  also  to  this  period;  and  although  of  little  interest 
pel  haps  in  the  abstract,  it  drew  a host  of  inquirers  into  the  precincts 
of  the  laboratory,  and  Avas  productive  of  more  extensive  and  important 
consequences  than  have  generally  been  attributed  to  it. 
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Of  these  writers,  there  is  no  one  so  deserving  attention,  as  Glauber  : 
he  was  not  a mere  maker  of  experiments,  but  he  reasoned  sensibly,  and 
even  acutely,  upon  their  results ; he  occasionally  oversteps  the  bounds  of 
modest  argument,  rudely  deprecates  the  views  of  his  contemporaries, 
and  praises  himself  beyond  all  measure ; but  this  vitiated  style  was  then 
in  fashion,  and,  unlike  most  of  his  contemporaries,  he  has  very  sufficient 
claims  to  originality  of  invention.  His  works  were  translated  into  Eng- 
lish, and  published,  as  the  title  runs,  “ for  public  good,  by  the  labour,  care, 
and  charge  of  Christopher  Packe,  Phylo-Chemico-Medicus^  in  1689.” 

Glauber  was  so  laborious  an  experimentalist,  and  in  his  experiments 
there  is  so  much  originality,  that  it  is  difficult  to  select  those  which  can 
strictly  be  called  discoveries,  and  upon  which  his  scientific  character 
deserves  chiefly  to  be  founded. 

The  distillation  of  volatile  alkali  from  bones,  and  its  conversion  into 
sal  ammoniac  by  the  addition  of  spirit  of  salt ; the  preparation  of  sulphate 
of  ammonia,  which  he  calls  secret  sal  ammoniac^  and  its  conversion  into 
common  sal  ammoniac  by  distillation  with  common  salt ; the  production 
of  blue  vitriol  by  the  action  of  acid  of  vitriol  upon  the  green  rust  of  cop- 
per; the  distillation  of  vinegar  from  wood,  and  the  formation  of  a variety 
of  salts  useful  in  medicine  and  the  arts,  by  its  action  upon  alkaline,  earthy, 
and  metallic  substances ; the  distillation  of  muriatic  acid,  or  spirit  of  salt, 
from  a mixture  of  common  salt  and  acid  of  vitriol ; and  the  extraction  of 
sulphate  of  soda,  or  sal  mirahile^  from  the  residue  of  that  operation,  are 
a few,  and  only  a very  few,  of  the  truly  important  inventions  and  dis- 
coveries that  crowd  upon  us  in  the  perusal  of  the  verbose  pages  of 
Glauber.  Of  these,  the  production  of  vinegar  of  wood,  and  of  muriatic 
acid,  may  perhaps  be  regarded  as  of  the  greatest  interest.  The  acid  liquor 
produced  during  the  destructive  distillation  of  wood  has  lately  become  a 
manufacture  of  much  importance. 

Glauber  describes  the  distillatory  apparatus,  which  he  calls  “ a press 
for  extracting  the  juice  of  wood  he  shows  its  condensation  into  an  acid 
liquor;  and  directs  the  method  of  burning  lime,  by  ranging  layers  of 
chalk  alternately  with  those  of  the  wood.  He  also  says,  that  by  rectifying 
the  spirit  of  wood,  “ a sharp  hot  oil,  of  a dark  reddish  color,  remains,  and 
the  vinegar  passes  over,  fit  for  the  preparation  of  medicines,  and  all  other 
uses  to  which  common  vinegar  is  applicable.”  The  oil,  he  adds,  is  an 
admirable  preservative  of  wood,  and  when  saponified  with  alkali,  forms  a 
most  valuable  manure ; “ a hogshead  of  which  may  be  carried  into  fields 
and  vineyards  far  remote,  more  easily  than  ten  loads  of  common  manure, 
which  is  carried  to  vineyards  in  rocky  places  with  great  difficulty.  As  to 
the  spirit,  physicians  may  use  this  noble  and  efficacious  juice  Avith  great 
honor  and  profit  in  the  cure  of  many  diseases  hitherto  incurable ;”  and 
he  highly  extols  the  effects  of  a warm  bath,  acidulated  by  the  vinegar  of 
wood:  he  also  shows  the  mode  of  concentrating  it  by  exposure  to  cold, 
Avhen  “ the  phlegm  only  freezeth,  but  the  sharp  spirit  remaineth  in  the 
middle  of  the  hogshead,  so  sharp  that  it  corrodeth  metals  like  aqua  fortis.” 
After  many  other  shrewd  and  clever  remarks  respecting  the  tar  of  wood, 
and  its  acid,  Glauber  closes  his  discourse,  fearing  that  it  Avill  not  be 
believed  by  many,  Avliich,  he  says,  he  cannot  help ; ‘‘  it  contenteth  me 
that  I have  written  the  truth,  and  lighted  a candle  to  my  neighbours.” 
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Tlie  preparation  of  muriatic  acid,  as  now  commonly  conducted,  was 
first  devised  by  Glauber  ; he  obtained  it  by  distilling  common  salt  with 
acid  of  vitriol,  and  gives  a sufficiently  clear  account  of  the  nature  of  the 
chemical  change  that  ensues.  The  residue  of  this  operation  retains,  to  this 
day,  the  name  of  Glauber  s salt ; or,  as  he  termed  it,  sal  mirahile.  Upon 
its  virtues  he  has  descanted  at  great  length,  and  though,  in  his  history  of 
this  salt,  its  value  and  uses  are  preposterously  exaggerated,  his  observa- 
tions serve  to  show  the  diligence  and  acuteness  with  which  he  investigated 
its  applications,  and  offer  proofs  of  the  extensive  information  which  he 
possessed  relative  to  many  processes  of  agriculture  and  the  arts.  Salt,  in 
short,  was  Glauber's  favorite  element : “ It  is,”  says  he,  “ the  beginning 
and  the  end  of  all  things,  and  it  increaseth  and  exalteth  their  powers  and 
virtues  : it  is  the  true  universal  medicine ; not  that  I would  have  any  man 
persuade  himself,  that  in  these  words  I would  assert  immortality,  for  my 
purpose  tendeth  not  thither,  seeing  that  I am  not  ignorant  there  is  no 
medicine  against  death."  And  then,  adverting  to  the  opposition  to 
chemical  medicines  by  contemporary  physicians,  he  advises  them  not  to 
envy  those  “ who  have  received  such  divine  gifts  as  his  wonderful  salt,  nor 
to  provoke  the  innocent  with  their  filthy  calumnies  and  slanders,  but  to 
leave  those  things  which  exceed  their  capacities.  Nothing,”  he  says, 
“ can  extinguish  truth;  it  may  be  prest,  but  cannot  be  overcome  ; like  the 
sun’s  light,  it  may  be  hidden,  but  not  extinguished.” 

The  directions  he  gives  for  the  preparation  of  the  sal  mirahile^  and  the 
account  of  its  properties,  are  in  general  very  correct.  “ Its  color  ought 
to  be  white  and  transparent : its  figure  is  in  long  stria?  or  crystals  : its 
taste  is  like  ice  melting  upon  the  tongue,  and  yields  some  bitterishness. 
Being  dried  in  the  fire,  and  all  the  moisture  gone  off,  it  wall  lose  about 
three  parts  of  its  own  body,  and  retain  a fourth  part  only;  being  dissolved 
in  water,  it  will  recover  those  three  parts  again.  But,  on  the  contrary, 
if  it  shoot  into  a square  figure,  and  hath  as  yet  a saltish  taste,  and  being 
dried,  loseth  but  little  of  its  weight,  it  is  not  worth  a rush,  and  show's  that 
either  the  oil  of  vitriol  was  not  good,  or  not  enough  of  it  used  in  the 
operation.  These  things  we  would  not  bury  in  silence,  so  that  w'e  might 
well  advise  young  beginners,  and  withdraw  them  from  their  errors." 

Glauber  has  great  merit  as  an  inventor  and  improver  of  chemical 
apparatus,  much  of  which  is  depicted  in  the  plates  attached  to  his  w^orks. 
The  form  of  distillatory  vessels  commonly  called  Woulfe’s  apparatus,  is 
found  in  Glauber’s  Chemical  Furnaces ; and  he  contrived  a very  inge- 
nious mode  of  heating  large  vessels  of  water  by  steam,  and  Avith  great 
economy  of  fuel ; a method  noAV  often  resorted  to. 

lie  published  a pamphlet,  entitled  The  Consolation  of  Navigators,  in 
which  IS  taught  how  they  who  travel  by  Sea  may  preserve  themselves  from 
Hunger  and  Thirsty  and  also  from  those  Diseases  which  are  wont  to 
happen  in  long  Voyages,  Written  for  the  Health,  Comfort,  and  Solace 
of  all  those  who  travel  by  Water  for  the  good  of  their  Country,  The 
sensible  plan  of  employing  extract  of  malt  as  a portable  vegetable  diet, 
and  very  dilute  muriatic  acid  to  quench  thirst,  is  here  recommended  ; and 
many  of  the  medicinal  uses  of  the  muriatic  acid  are  dwelt  upon  at  length, 
which  have  been  claimed  as  recent  discoveries.  Glauber  Avas  acquainted 
with  meteoric  iron,  and  Avith  the  fall  of  stones.  (Braa^ley.  Annals  of 
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Philosophy^  1st  Ser.,  xiii.  315.)  On  the  'whole,  there  is  no  author  con- 
temporary y ith  Glauber,  -who  has  written  so  much  to  the  purpose,  and 
in  wliom  we  find  such  abundant  anticipations  of  modern  scientific  im- 
provements. He  was  cast  in  the  true  mould  of  an  experimental  chemist, 
and  had  he  lived  in  a more  propitious  age,  would  probably  have  rivalled 
ScTiEELE  and  Priestley. 

§ V- 

It  is  now  time  to  advert  to  the  early  proceedings  of  the  Royal  Society, 
as  connected  with  the  present  subject,  a body  incorporated  by  Charles  the 
Second  in  1662,  under  a Royal  Charter,  for  the  “improvement  of  natural 
knowledge.”  The  period  of  the  foundation  of  this  Society  was  peculiarly 
favorable  to  its  interests  and  objects;  the  country,  long  distracted  by  the 
worst  of  all  evils,  a civil  war,  and  afterwards  oppressed  by  the  military 
usurpation  of  Cromwell,  was  threatened,  upon  the  death  of  the  Protector, 
with  the  horrors  of  anarchy,  when  the  restoration  of  Charles  the  Second 
healed  all  divisions,  and  checked  the  tide  of  revolutionary  violence.  Then 
was  a propitious  time  to  lead  the  rich  and  well-informed  into  the  avenues 
of  scientific  inquiry,  and  to  substitute  the  advancement  of  knowledge  for 
political  speculation.  Among  the  first  members  of  the  Royal  Society  are 
the  names  of  many  who  were  eminent  in  mathematical  and  physical 
knowledge,  and  of  more  who  afterwards  became  so  ; they  were  vehement 
in  favor  of  experimental  science,  which  was  then  in  its  infancy,  and  soon 
acquired  vigor  by  their  support;  and  it  is  curious  to  observe  among  the 
most  active  and  zealous  promoters  of  these  peaceful  studies,  many  who 
had  been  famed  as  party  leaders,  or  actively  engaged  in  political  intrigues 
and  revolutionary  broils. 

The  early  volumes  of  the  Philosophical  Transactions^  of  which  the 
first  bears  date  1665,  consist  of  small  numbers,  which  were  published  at 
irregular  intervals,  and,  from  their  miscellaneous  contents,  may  be  com- 
pared to  the  scientific  journals  of  these  days.  Exclusive  of  papers  read 
before  the  Royal  Society,  they  contain  many  scraps  of  literary  and  scientific 
value  collected  by  the  Secretary,  Mr.  Oldenburgh.  The  publication  was 
continued  by  Drs.  Grew  and  Hooke,  but  the  latter  discontinued  it,  pro- 
bably from  the  sparing  sale;  and  in  1683  we  find  Dr.  Plott  resuming  the 
editorship,  upon  condition  that  the  members  would  bind  themselves  to 
purchase  sixty  copies  of  each  number.  The  Transactions  were  periodi- 
cally published,  with  some  intermissions,  however,  by  the  Secretaries  of 
the  Society,  till  the  year  1750,  when  the  publication  was  put  into  the 
hands  of  a Committee  of  Papers;  and  since  the  year  1762  a volume  has 
annually  made  its  appearance*. 

In  1666,  the  Royal  Academy  of  Sciences  was  instituted  at  Paris, 
under  the  protection  of  Louis  the  Fourteenth:  in  its  annals  the  names 
of  Homberg,  Geoffroy,  and  the  two  Lemerys,  soon  became  celebrated 
for  their  various  discoveries  and  improvements  in  chemistry.  Homberg'**, 
under  the  auspices  of  the  Regent  Duke  of  Orleans,  was  an  active  and 
successful  experimentalist.  He  discovered  the  boracic  acid,  which  he 
prepared  under  the  name  of  sedative  salt.  He  was  also  the  discoverer  of 
Pyrophoriis,  Geoffroy  deserves  mention  as  an  active  and  scientific  con- 

* Thomson’s  History  of  the  Royal  So-  + Born  at  Batavia,  in  Java,  1C52  ; died 
ciety,  at  Paris,  1715. 
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tributor  to  Pharmaceutical  Chemistry ; 'lie  was  also,  I believe,  the  first 
compiler  of  the  Paris  Pharmacopoeia. 

The  early  proceedings  of  the  Royal  Society  of  London  present  many 
traits  of  the  infant  state  of  experimental  science,  and  not  a few 
absurdities  might  be  selected  from  among  them,  the  principal  of  wbicb 
were  lampooned  by  Sir  John  Hill,  in  his  Review  of  the  Works  of  the 
Roijal  Society  of  London.  This  period,  however,  was  adorned  with  the 
names  of  Boyle*  and  of  HooKut;  the  former  a voluminous  writer,  of  a 
most  amiable  temper  and  upright  mind ; the  latter,  an  original  and  acute 
exiierimentalist,  but  a peevish  and  distrustful  man;]!. 

Although  Boyle  cannot  be  said  to  have  fathomed  the  depths  of 
science,  yet  his  station  in  life,  Iris  mild  and  prepossessing  disposition,  his 
strict  honor  and  integrity,  and  the  unaffected  earnestness  with  which  he 
promoted  experimental  inquiry,  tended  to  shed  a lustre  on  his  pursuits, 
to  elevate  their  character  with  the  world,  and  to  draw  into  their  precincts 
many  who,  without  such  an  example,  would  have  passed  their  lives  in 
that  listless  inactivity,  then  too  common  with  those  upon  whom  fortune 
smiled;  among  them  Mr.  Boyle  made  many  converts.  “It  must  be 
confessed,”  says  his  contemporary  Evelyn,  “ that  he  had  a marvellous 
sagacity  in  finding  out  many  useful  and  noble  experiments.  Never  did 
stubborn  matter  come  under  his  inquisition,  but  he  extorted  a confession 
of  all  that  lay  in  her  most  intricate  recesses,  and  what  he  discovered  he 
has  faithfully  registered  and  frankly  communicated.  In  this,”  says 
Evelyn,  exceeding  my  Lord  Yerulam,  who  (though  never  to  he 
mentioned  without  honour  and  admiration)  was  used  to  tell  all  that  came 
to  hand.  His  severer  studies  did  not  in  the  least  soure  his  conversation, 
and  I question  whether  any  man  has  produced  more  experiments  without 
dogmatising.  He  was  a corpuscularian  without  Epicurus;  a great  and 
happy  analyser,  addicted  to  no  particular  sect,  but,  as  became  a generous 
and  free  philosopher,  preferring  truth  above  all;  in  a word,  a person 
of  that  singular  candour  and  worth,  that  to  draw  a just  character  of  him, 
one  must  run  through  all  the  virtues,  as  well  as  through  all  the  sciences^.” 


* Boyle  was  born  in  January,  1627,  at 
Lismore,  in  the  Province  of  INIunster,  in 
Ireland.  He  was  educated  at  Eton,  and 
afterwards  travelled  in  Italy,  Switzer- 
land, and  France,  and  returned  to  Eng- 
land in  IGGI.  In  1GG8  he  took  up  his 
residence  in  London;  and  in  1G80  was 
elected  President  of  the  Boyal  Society. 
He  died  on  the  30th  of  December,  1G91, 
aged  sixty-four. 

t Born  in  the  Isle  of  Wight,  1635; 
died  in  London,  1702. 

^ Sir  Godfrey  Copley,  in  a letter  writ- 
ten about  the  time  of  Hooke’s  death, 
says,  Dr.  Hooke  is  very  crazy  ; much 
concerned  for  fear  he  should  outlive  his 
estate.  He  hath  starved  one  old  woman 
already,  and,  I believe,  he  will  endanger 
himself  to  save  sixpence  for  anything 
he  wants.”  In  another,  written  a few 
weeks  after  his  death,  Sir  Godfrey 


says,  I wonder  old  Dr.  Hooke  did  not 
choose  rather  to  leave  his  12,000/.  to 
continue  what  he  had  promoted  and 
studied  all  the  days  of  his  life,  I mean 
mathematical  experiments,  than  to  have 
it  go  to  those  whom  he  never  saw  nor 
cared  for.  It  is  rare  that  virtuosos  die 
rich,  and  it  is  a pity  they  should,  if  they 
were  like  him (D  r.  D uc  arr  e l ’s  MSS. 
quoted  in  Biog.  Diet,)  Hooke  some- 
times declared  that  he  intended  to  dis- 
liose  of  his  estate  for  the  advancement 
of  natural  knowledge,  and  to  promote 
the  ends  for  which  tlie  Royal  Society 
was  instituted;  to  build  a handsome 
edifice  for  the  Society’s  use,  with  a 
library,  laboratory,  and  repository  ; and 
to  endow  a professorship.  Life  hy 
Waller. 

§ Bbay’s  Memoirs  of  Evelyn,  2ud  edit. 
4to.,  vol.  ii.,  p.  2C8. 
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Boyle  died  in  December,  1(391,  and  his  funeral  sermon  was  preached 
hy  the  celebrated  Dr.  Burnet,  at  St.  Martin’s  Church,  ‘‘  in  which,”  says 
Evelyn,  “ he  spake  of  his  wonderful  civility  to  strangers ; the  greate  good 
which  he  did  by  his  experience  in  medicine  and  chemistry  ; the  works,  both 
pious  and  useful,  which  he  published  ; the  exact  life  he  led,  and  the  happy 
end  he  made*".” 

Upon  the  whole  it  may  truly  be  said  of  Boyle,  that,  though  he 
enlightened  and  adorned  the  avenues  of  science,  he  scarcely  enriched  it ; 
he  wrote  much,  and  generally  to  the  purpose,  but  he  is  rather  the  historian 
than  the  actor.  It  may  be  remarked,  however,  that  in  Boyle,  and  espe- 
cially in  his  contemporary,  Hooke,  we  have  the  first  genuine  samples  of 
the  influence  of  Lord  Bacon’s  doctrines,  which  actuated  all  their  proceed- 
ings, and  produced  effects  marvellously  beneficial.  Mr.  Boyle’s  Essays 
on  the  successfulness  and  unsuccessfulness  of  experiments,  and  the  pre- 
face to  his  philosophical  writings,  are  in  the  genuine  spirit  of  experimental 
research;  and  Hooke,  in  the  preface  to  the  Micrograpliia,  has  spoken  so 
much  to  the  point,  and  in  language  so  novel  and  bold  in  the  then  state  of 
science,  that,  upon  perusing  it,  we  are  struck  with  the  entire  confidence 
which  it  bespeaks  for  his  subsequent  experimental  details. 

After  adverting  to  the  deep-rooted  errors  that  have  been  grafted  upon 
science,  by  the  slipperiness  of  the  memory,  the  rashness  of  the  under- 
standing, and  the  narrowness  of  the  senses,  and  showing  that  these 
failings  may,  in  some  degree,  be  obviated  by  the  right  ordering  and  ren- 
dering them  duly  subservient  to  each  other,  he  proceeds  to  point  out  the 
means  of  tracing  the  footsteps  of  nature,  “not,”  as  he  says,  “in  her 
ordinary  course  only,  but  also  in  her  doublings  and  turnings;  and  in  this 
investigation,  upon  which  the  desirable  reform  in  philosophy  is  to  be 
founded,  there  is  not  so  much  required  any  strength  of  imagination,  or 
exactness  of  method,  or  depth  of  contemplation,  as  a sincere  hand  and 
faithful  eye,  to  examine  and  record  the  things  themselves  as  they  really 
appear.” 

Hooke  then  goes  on  to  lament  that  “ the  science  of  nature  has  been 
too  long  made  the  work  of  the  brain  and  of  the  fancy;  let  it  now  revert,” 
says  he,  “to  plain  and  sound  observation;  and  let  all  intelligence  be 
severely  examined ; let  there  be  rigour  in  admitting,  strictness  in  com- 
paring, slowness  in  debating,  and  shyness  in  determining.  The  under- 
standing is  to  order  all  the  inferior  services  of  the  lower  faculties;  but 
yet  it  is  to  do  this  as  a lawful  master,  and  not  as  a tyrant.  It  must  not 
encroach  upon  their  offices,  nor  take  upon  Itself  the  employments  which 
belong  to  either  of  them.  It  must  watch  the  irregularity  of  the  senses, 
but  not  go  before  them,  or  prevent  their  information ; it  must  examine, 
range,  and  dispose  of  the  bank  which  is  laid  up  in  the  memory;  but  it 
must  be  sure  to  make  distinction  between  the  sober  and  well-collected 
heap,  and  the  extravagant  ideas  and  mistaken  images  which  there  it  may 
sometimes  light  upon.”  This  is,  indeed,  the  language  of  Lord  Bacon,  by 
one  who  acted  as  he  wrote,  for  Hooke  was  a most  diligent  experimenter, 
and  has  recorded  his  results  with  all  that  cautious  sobriety  which  he 
advises.  “ If  ever,”  he  says,  “ I have  ventured  at  small  conjectures  re- 
specting the  causes  of  the  things  I have  observed,  I beseech  the  reader 

* Bray’s  Memoirs  of  Evelyn,  Diary,  vol.  ii.,  p.  30. 
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to  look  upon  them  only  as  doubtful  problems  and  uncertain  guesses,  not 
as  unquestionable  conclusions,  or  matters  of  unconfutable  science/' 

Among  the  new  views  and  discoveries  of  IIooke,  connected  with 
chemistry,  and  many  of  which  are  scattered  through  the  writings  of 
Boyle,  there  are  none  of  more  importance  than  those  relating  to  the 
phenomena  of  combustion,  and  to  the  part  which  the  air  performs  in  that 
process;  and  as  we  are  now  approaching  an  epoch  of  our  history  at 
which  the  appearances  presented  by  burning  bodies,  and  the  changes 
which  they  undergo,  were  attentively  examined  and  assiduously  inquired 
into,  and  in  which  they  were  considered  as  one  of  the  main  objects  of  che- 
mical research,  it  is  right  that  we  distinctly  understand  Hooke’s  notions 
upon  this  subject,  which  will  be  found  wonderfully  acute,  and  remark- 
able for  their  boldness,  as  differing  from  theories  then  received;  and  for 
correctness,  as  superseding  the  objections  to  which  the  other  views  are 
liable. 

From  the  obscure  hints  in  the  writings  of  the  Alchemists,  and  from 
the  more  decided  language  of  Basil  Valentine,  Paracelsus,  and  other 
writers  of  that  cast,  it  appears  that  the  phenomena  of  combustion  were 
generally  referred  to  the  existence  of  some  subtle  and  highly  volatile 
principle,  which,  expanded  and  agitated  by  heat,  produced  flame  and 
fire.  When  metals  were  exposed  to  the  action  of  heat,  the  greater  num- 
ber were  observed  to  alter  their  appearance,  and,  losing  metallic  brilliancy, 
became  converted  into  an  earth-like  residue,  to  which  the  name  of  Calx 
was  given.  It  was  generally  admitted  that,  in  this  process,  the  particles 
of  the  combustible  were  thrown  into  violent  vibrations,  and  so  trans- 
formed into  heat  and  light;  and  such  a supposition  was  natural  enough ; 
for  it  appears  to  a superficial  observer,  unacquainted  with  the  results  of 
modern  discovery,  that  the  matter  burned  is  in  a great  number  of  cases 
entirely  consumed,  and  that  the  principal  products  are  light  and  heat. 

A tract,  extremely  remarkable  for  the  period  at  which  it  was  written, 
appeared  on  this  subject  in  France  about,  or  previous  to,  the  year  1630. 
relating  to  the  increase  of  weight  sustained  by  tin  and  lead  during  their 
calcination.  Le  Brun  having  melted  two  pounds  six  ounces  of  tin,  found 
that  in  six  hours  the  whole  had  passed  into  the  state  of  calx,  weighing 
three  pounds  one  ounce;  and,  being  puzzled  at  the  circumstance,  he  con- 
sulted Rey,  a physician  of  Perigord,  as  to  its  cause,  who  immediately  set 
about  an  investigation  of  the  matter,  which  terminated,  in  explicitly 
referring  the  cause  of  the  increase,  to  the  fixation  of  air*. 

FIooke  in  his  investigations,  and  Boyle  by  his  experiments  with  the 
air-pump,  which  was  now  just  perfected  and  coming  into  use,  succeeded 
not  merely  in  demonstrating  the  important  part  performed  by  the  pre- 
sence of  atmospheric  air  in  combustion,  but  Hooke  carried  his  inquiries 
still  further,  and,  in  his  mind  s eye  at  least,  seems  to  have  seen  and 
anticipated  the  results  that  were  gained  at  a much  later  period  of  chemical 
science,  and  established  upon  less  questionable  authority. 

Boyle  found  that  a candle,  charcoal,  sulphur,  and  some  other  com- 
bustibles, would  not  burn  in  the  exhausted  receiver  of  his  air-pump, 
Avhich  however  produced  a very  imperfect  vacuum.  When  he  had  pro- 

Essays  de  Jean  Rey,  Docteur  en  \ mentent  de  poids  quand  on  les  calcine, 
Medecine,  sur  la  liecherche  de  la  Cause  j Paris,  1717. 
pour  laquelle  I'Estain  et  le  Plomb,  aug-  | 
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cured  a good  vacuum,  he  found  that  gunpowder  would  not  inflame  in  it 
by  collision  of  flint  and  steel,  which  he  properly  attributed  to  the  want  of 
due  heat  in  the  sparks  resulting  from  collision;  for,  on  heating  the  pow- 
der in  the  focus  of  a lens,  it  exploded : hence  he  thought  the  nitre  con- 
tained in  the  gunpowder  was  concerned  in  furnishing  materials  to  supply 
the  place  of  the  air^'. 

Hooke,  in  the  sixteenth  section  of  the  Mici'ographia,  relating  to 
charcoal  and  burned  vegetables,  observes,  that  in  the  ordinary  process  for 
making  charcoal,  the  consumption  of  the  wood  is  prevented  by  the  exclu- 
sion of  air.  The  charcoal  glows,  it  is  true,  but  does  not  burn ; hence, 
he  says,  may  Ave  learn,  that  the  air  is  the  universal  dissolvent  of  inflam- 
mable bodies  ; that  this  dissolution  generates  heat,  A\diich  we  call  fire,  as 
is  the  case  in  many  other  dissolutions ; that  this  dissolution  is  made  by 
a substance  mixed  Avith  the  air,  that  is  like  unto,  or  the  vcrp  same^  as  that 
AA'hich  is  fixed  in  saltpetre ; that,  of  the  burning  body,  one  portion  is 
turned  into  air,  and  another  portion  is  indissoluble;  that  the  dissolving 
parts  of  the  air  are  but  few,  and  hence  the  atmosphere  is  like  those  spirits 
that  have  much  phlegm  mixed  Avith  them,  and  become  soon  glutted; 
Avhereas  saltpetre  abounds  more  in  those  solvent  particles,  and  hence  a 
little  Avill  dissolve  a great  sulphureous  body  quickly  and  violently;  and  as 
other  solvents,  though  but  Aveak,  quickly  consume  the  dissoluble  bodjq  if 
the  supply  be  renoA^ated,  so  air,  applied  to  a shining  body  by  a bellows, 
Avill  dissoh'e  it  as  rapidly  as  saltpetre.  From  all  Avhich  he  concludes, 
that  there  is  no  such  thing  as  an  element  of fre^  but  that  flame  results 
from  the  mutual  agency  of  the  volatile  parts  of  combustibles,  and  a part 
of  the  atmosphere. 

These,  although  not  the  very  Avords  of  Hooke,  but  an  abridgment  of 
them,  contain  their  unadulterated  sense:  his  expressions  shoAV  that  he 
had  experimented  more  largely  upon  the  subject,  but  he  Avas  unAvilling 
to  extend  his  account  of  it  till  he  had  completely  investigated  other  parts 
of  the  inquiry;  he  particularly  alludes  to  the  use  of  the  air  in  respiration. 
I do  not,  however,  find  in  any  of  Hooke's  later  productions,  that  he  fol- 
loAved  up  the  interesting  facts  detailed  in  the  Micrographia^  though  in  his 
Lampas^  published  in  1677,  he  has  given  a beautiful  explanation  of  the 
Avay  in  Avhich  a candle  burns:  he  attributes  the  light  and  heat  to  the 
action  of  the  air  upon  the  combustible  matter  of  the  flame,  and  sIioavs 
that  the  interior  of  the  flame  is  not  luminous,  by  the  simple  expedient  of 
AueAving  its  section  through  a thin  piece  of  glass,  or  of  mica. 

The  doctrines  of  Hooke,  concerning  the  influence  of  the  air  in  com- 
bustion, Avere  further  illustrated  by  Joii^'  MayoavI',  avIio,  in  1674,  pub- 
lished his  Tracis  on  varioiis  Philosophical  Subjects.  The  date  of  this 
Avork  is  posterior  to  that  of  the  Micrographia,  but  anterior  to  the  Pampas^ 
and  it  contains  arguments  A^ery  similar  to  those  promulgated  in  the  former 
Avork,  Avithout,  as  far  as  I have  been  able  to  find,  any  reference  to  them, 
or  even  mention  of  Hooke’s  name.  But  Mayoav’s  chemical  fame  need 
not  be  built  upon  his  doctrine  of  combustion,  for  he  has  displayed 
uncommon  talents  in  various  other  branches  of  inquiry. 

* New  experiments  touching  the  re-  + Born  in  CoriiAvall,  1645;  died  in 
lation  betwixt  flame  and  air.  Boyle’s  London,  1C70. 

Works,  4to.,  London,  177’2,  p.  563. 
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While  these  views  were  promulgated  in  England,  and  chemists  were 
busy  in  endeavouring  to  raise  a theory  of  combustion,  independent  of 
hypotheses,  and  founded  upon  experimental  inferences  only,  Beccher* 
and  STAHLt,  in  Germany,  were  at  work  upon  the  same  subject,  and 
succeeded  in  establishing  an  explanation  of  combustion,  which  afterwards 
made  much  noise  abroad,  under  the  name  of  the  Phlogistic  Theory ; and 
when  we  revert  to  the  researches  whence  this  theory,  as  it  was  called, 
arose,  they  carry  with  them  so  plausible  and  accurate  an  air,  and  appear 
so  much  less  at  variance  with  received  doctrines,  and  known  facts,  that 
it  is  not  surprising  they  should  have  been  adopted  in  preference  to  the 
more  abstruse,  and,  as  they  then  appeared,  hypothetical  explanations,  of 
Hooke  and  Mayow. 

Beccher^s  Physica  Suhlerranea%  was  published  at  Franckfort  in 
1669:  I have  endeavoured  in  vain  to  come  at  the  meaning  of  much  of 
this  publication:  but  thus  far  is  evident,  that  he  has  anticipated  the 
prevailing  geological  theories  of  the  present  day,  and  has  argued  upon 
many  terrestrial  phenomena,  Avith  a degree  of  plausibility  and  precision 
Avhich  will  bear  comparison  with  the  more  enlightened  and  learned  vieAVS 
of  Hutton  and  Playfair. 

His  notion  of  the  chemical  constitution  of  bodies  amounts  to  this:  the 
elements  of  bodies  are  air,  Avater,  and  three  earths,  one  of  Avhich  is  inflam- 
mable, another  mercurial,  and  another  fusible.  The  three  earths,  combined 
Avith  Avater,  constitute  an  universal  acid,  Avhich  is  the  basis  of  all  other 
acids.  The  combination  of  tAvo  earths  produces  lapideous  bodies ; and, 
in  the  metals  the  three  earths  are  united  in  various  proportions.  I ean- 
not  pretend  to  explain  or  elucidate  this  doctrine,  and  have  no  further 
remark  to  make  upon  it,  than  to  request  it  may  be  compared  Avith  the 
luminous  experiments  of  Hooke,  in  order  to  set  the  merits  of  the  latter  in 
their  true  light. 

ToAvards  the  end  of  the  seventeenth  century,  the  opinions  promulgated 
by  Stahl  attained  universal  assent,  and  of  the  names  of  Hooke  and 
Mayoav  nothing  Avas  heard  for  more  than  half  a century. 


* Born  at  Spires,  in  1625  ; died  in 
England,  1685. 

+ Born  in  Franconia,  1660  ; died  at 
Berlin,  1734. 

$ Beecher  wrote  voluminously  upon  a 
great  variety  of  subjects.  His  principal 
chemical  works  are  as  follows  : 

1.  (Edipus  Chemicus.  2.  Metallurgia: 
de  generatione,  rejinatxone^  et  perfectione 
Metallorum.  3.  Physica  Subterranea,  and 
its  various  appendices.  4.  Parnassus 
Medicinalis  Illustratus.  5.  Laboratorium 
Portatile.  6.  Chemischer  Rosen-garten. 

Beecher’s  (Edipus  is  dedicated  to 
Francis  Sylvius  Deleboe,  Avho,  in  1658, 
Avas  elected  the  first  professor  of  Medi- 
cine in  the  University  of  Leyden.  He 
was  a man  of  an  acute  mind,  as  appears 
from  his  various  essays  and  tracts,  more 
especially  from  his  Praxeos  Med.  Idea 
Nova.  He  died  at  Leyden  in  1672, 


“ Utilissimum  profecto  munus  subiisti, 
quo  tui  auditores  non  verba,  sed  corpora, 
non  chymerasticos  terminos,  verum  ipsas 
reales  enchyrises,  non  inanes  denique  et 
immateriales  facultates,  sed  a te  demon- 
strati, effectus  causas  practicas  audiunt, 
vident,  tangunt.”  Beecher  eA’^erywhere 
compliments  him  as  a man  not  of  words, 
but  of  deeds ; as  a philosopher,  Avho 
eminently  sought  to  render  science  po- 
pular and  intelligible  to  all  capacities. 

The  language  of  Beecher’s  Physica 
Subterranea  is  sufficiently  inelegant  and 
incorrect.  “ Excuse  Latinitatem  in  hoc 
opere,”  says  he,  ‘‘  quam  barbaram  esse 
fateor,  ob  materiem  et  ob  scriptionem, 
in  specie  scriptionis  modum  : ex  ore 
enim  dictantis  totnm  opus  conceptum 
est.  Sic  rebus  attentus,  verba  neglexi.” 
This  is  at  once  an  example  and  apology. 
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Rejecting  the  mercurial  earth  of  Beccher,  Stahl  retained  as  elements, 
water,  acid,  earth,  and  fire,  or,  as  he  termed  it.  Phlogiston^  a principle  of 
extreme  tenuity,  and  prone  to  a kind  of  vertiginous  motion  in  which  it 
appears  as  Jire.  lie  went  beyond  Beccher  in  adducing  experimental 
proofs  of  his  hypothesis.  When  phosphorus  is  burned,  it  produces  an 
acid  matter,  with  the  evolution  of  much  heat  and  light;  consequently, 
phosphorus  consists  of  acid  and  phlogiston : if  this  acid  be  now  heated 
with  charcoal^  or  other  body  abounding  in  phlogiston,  phosphorus  will  be 
re-produced. 

When  zinc  is  heated  to  redness,  it  burns  with  a brilliant  flame,  and  is 
converted  into  a white  earthy  substance,  or  calx.  Hence  zinc  consists  of 
this  earth  and  phlogiston. 

Now,  it  will  be  observed,  that  nothing  is  said  here  of  the  increase  of 
weight  which  Rey  attributed  to  the  condensation  of  air,  and  which 
Mayow  has  as  distinctly  referred  to  the  fixation  of  Hooke’s  nitro-aerial 
particles.  Nor  is  that  obstacle  taken  into  the  account  which  Boyle’s 
experiments  had  suggested,  and  which  Hooke  is  particularly  fond  of 
dwelling  upon,  namely,  that  bodies  will  not  burn  without  air. 

However,  this  hypothesis  of  Stahl,  notwithstanding  the  increase  of 
weight  in  the  burning  body,  the  requisite  presence  of  air,  and  other  bars 
against  it,  was  immediately  embraced  by  the  generality  of  chemists,  and 
maintained  an  unimpeached  dominion  for  upwards  of  fifty  years,  until 
shaken  and  upset  by  the  arguments  of  Lavoisier,  who,  availing  himself 
of  the  discoveries  of  Scheele,  Priestley,  and  Black,  brought  an 
insuperable  mass  of  evidence  to  bear  against  the  doctrine  of  phlogiston*. 

That  constituent  of  the  air  which  Hooke  had  detected  in  nitre,  and 
which  Mayow  called  its  nitro-aerial  particles.,  was,  under  the  new  title  of 
oxygen.,  regarded  as  accessory  to  all  cases  of  combustion.  It  was  pre- 
sumed that  this  aerial  matter  consisted  of  heat  and  light,  combined  with 
a ponderable  base,  which  united  with  the  combustible,  conferring  upon  it 
new  characters,  while  the  other  elements  were  extricated  under  the  form 
of  fire.  But  to  this  explanation  two  difficulties  soon  presented  themselves; 
the  one,  that  in  many  cases  of  combustion,  aeriform  matter,  instead  of 
being  absorbed  and  decomposed,  is  evolved  and  composed;  and  the  other, 
that  the  evolution  of  heat  and  light  is  not  proportional  to  the  volume  of 
air  condensed,  but  depends  upon  the  rapidity  of  the  condensation,  and 
upon  the  nature  of  the  combustible.  These  objections,  however,  cannot 
be  fully  discussed  without  a reference  to  the  doctrines  of  heat,  light,  and 
electricity,  which  must  not  now  be  entered  upon. 


* Staid’s  doctrines  are  very  ably  set 
forth  in  his  Three  Hundred  Experiments, 
published  at  Berlin  in  1731  ; and  in 
his  F undamenta  Chemias,  Nuremberg, 
1723  and  1732.  Be  noticed  the  neces- 
sity of  air  to  combustion,  but  he  con- 
sidered flame  or  fire  as  resulting  from 
its  violent  ethereal  agitations.  Stahl  is 
continually  urging  circumspection  in 
hypotlieses,  yet  preconceived  opinions 
are  always  leading  him  to  erroneous 


I conclusions,  as  the  following  passages 
I amply  prove.  “ Aer  ignis  est  anima, 

! hinc,  sine  acre  nihil  potest  accendi  vel 
I inflammari.” — “Aer  inmotum  excitatus, 
i sen  ventus  artificialis,  vel  etiam  naturalis, 
mirum  excitat  motum  aetheris,  seu  flara- 
mam  ; hinc  ad  ignem  fusorium,  et  vitri- 
ficatorium,  proinovendum  follibus  opus 
est ; imo  gi'adus  et  vehementia  ignis 
; dependet  multum  ex  aeris  admissione.” 
I — Fund,  Chem,  dogmat.  et  ration.,  p.  22. 
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Mayow,  wliose  name  was  mentioned  in  the  last  section  coupled  with 
that  of  Hooke,  in  researches  concerning  the  influence  of  air  upon  com- 
bustion, is  the  first  writer  Avho  divulged  views  worth  recording  upon  the 
subject  of  respiration,  and  who  has  elsewhere  displayed  some  shrewd 
guesses  concerning  the  causes  and  effects  of  chemical  affinity.  In  the 
first  case,  he  opened  a communication  between  chemistry  and  physiology; 
and,  in  the  latter,  he  extricated  a most  important  and  fundamental  branch 
of  chemical  philosophy,  from  the  mire  of  false  reasoning,  and  planted  it  in 
the  precincts  of  experimental  research. 

Mayow  was  the  ornament  of  his  time  and  country  as  an  experimental 
inquirer;  hut,  unfortunately,  he  seems  to  have  fallen  upon  unpropitious 
ground,  and  his  talents,  instead  of  having  been  awakened  by  emulation, 
were  damped  by  the  coldest  reception.  He  was  a native  of  Cornwall,  and 
died  at  the  early  age  of  thirty-five,  at  the  house  of  an  apothecary  in 
York-street,  Covent-garden.  Dr.  Beddoes,  and  more  lately.  Dr.  Yeats*, 
have  each  asserted  his  claims  to  several  of  the  discoveries  attributed  to 
modern  experimenters,  and  they  have  in  many  points  made  out  an 
irresistible  case  in  his  favor. 

At  an  early  period  of  his  experiments,  Mayow  seems  to  have  been 
struck  with  the  analogy  between  the  phenomena  of  combustion,  and 
those  of  respiration,  and  although  many  of  his  conclusions  are  full  of 
error,  there  are  more  which  are  correct  and  even  refined.  He  burned  a 
candle  under  a bell-glass,  and  found  the  air  so  deteriorated  as  to  he  unfit 
for  the  continuance  of  combustion.  He  then  confined  a mouse  in  a 
similar  portion  of  air,  and  it  soon  manifested  the  want  of  its  renewal. 
Then,  by  putting  a mouse  and  a candle  under  the  same  bell-glass,  he  found 
it  live  only  half  the  time  that  it  had  survived  when  under  the  glass  alone. 
Pie  then  reversed  the  experiment,  and  endeavoured  to  fire  combustible 
matter  in  air  that  had  been  spoiled  by  breathing;  and  finding  that  it 
would  not  burn,  he  observes,  that  “ the  nitro-aerial  particles  are  absorbed 
both  by  the  candle  and  the  animalt.” 

Examining  the  residuary  air  standing  over  water  after  combustion,  he 
found  that  it  was  a little  lighter  than  the  atmosphere,  and  extinguished 
flame;  thus  remarkably  describing  nitrogen  by  its  principal  properties, 
namely,  that  it  does  not  support  combustion,  that  it  is  not  absorbed  by 
water,  and  that  its  specific  gravity  is  inferior  to  that  of  atmospheric  air. 

PV^hen  Mayow  speaks  of  the  destruction  oj'  the  elasticity  of  a portion  of 
the  air,  he  alludes  to  its  absorption  by  water ; and  finding  the  carbonic  acid, 
formed  by  respiration  and  combustion,  to  be  thus  absorbed,  and  its 
formation  always  connected  with  the  loss  of  power  to  support  flame,  or  of 
its  nitro-aerial  parts,  he  talks  of  restoration  of  elasticity  by  restoriim  the 
nitro-aerial  matter. 

Mayow  also  obtained  hydrogen  gas  by  acting  upon  iron  by  dilute 


* Observations  on  the  Claims  of  the 
IModerns  to  some  Discoveries  in  Che- 
mistry, &.Q,.  By  G.  D.  Yeats,  M.D., 
London,  1798. 


t See  the  1st  and  2d  Tracts,  De  Sal- 
nitro,  et  Spirito  Nitro-aerio,  and  De 
Respiratione. 
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sulphuric  acid ; and  7iitrous  gas,  by  immersing  the  same  metal  in  dilute 
aquafortis.  Upon  the  whole,  Mayow’s  experiments  upon  respiration,  and 
upon  tlie  gases,  are  something  more  than  ingenious.  Considering  the 
novelty  of  the  subject,  and  the  imperfection  of  his  apparatus,  they  may  be 
considered  as  surprising  efforts  of  experimental  diligence;  and  his  conclu- 
sions may  be  ranked  as  remarkable  indications  of  a fruitful  mind,  not 
wandering  amongst  hypotheses,  but  settling  upon  the  results  of  experiment. 

Not  satisfied  with  having  ascertained  that  one  part  only  of  the  atmo- 
sphere supports  life,  he  extended  his  inquiry  to  the  subsequent  influence  of 
that  part  upon  the  system.  It  Avas  the  prevailing  notion  of  his  time,  that 
respiration  cooled  the  blood;  hut  having  observed  in  the  nitro-aerial,  or 
fire-air  particles,  an  essential  to  flame  and  Are,  he  considered  their 
absorption  as  necessarily  connected  Avith  the  heat  of  the  blood;  he 
observed  an  analogy  between  the  respiration  of  animals  and  that  of 
plants;  and  to  shoAV  the  existence  of  air  in  the  blood,  he  had  recourse  to 
the  air-pump,  Avhich,  he  says,  extricates  it  more  copiously  from  arterial 
than  from  venous  blood. 

The  most  remarkable  Chapter,  hoAA^ever,  of  Mayoav’s  tract,  is  that 
relating  to  the  “mutual  action  of  salts  of  contrary  kinds,”  or,  in  other 
Avords,  to  chemical  combination  and  decomposition,  a subject  Avhicli  he 
has  handled  in  so  masterly  a manner,  and  Avhich  is  so  ably  supported  by 
experiments,  that,  although  anticipated  in  respect  to  his  researches  on  the 
air,  by  Hooke,  Ave  must  here  give  him  due  credit  as  an  original  inquirer. 

It  Avas  imagined  by  those  predecessors  of  Mayoaa^  avIio  expounded 
their  notions  respecting  chemical  afflnit}'’,  that  bodies  combined  in  con- 
sequence of  certain  mechanical  forms  of  their  particles;  and  that  when 
an  acid  Avas  added  to  an  alkali,  the  salt  produced  aa^s  a perfectly  new 
product,  resulting  from  the  annihilaimi  of  the  particles  of  its  components. 
It  Avas  not  admitted,  or  at  least  not  generally  admitted,  that  the  acid  and 
alkali  existed  as  such,  and  might  again  be  separated  from  the  neutral 
salt.  Mayoaa^  first  set  about  rectifying  this  gross  error.  AVhen  spirit  of 
salt,  he  says,  is  mixed  Avith  sal  volatile,  sal  ammoniac  is  produced, 
in  Avhich,  it  is  true,  neither  the  properties  of  acid,  nor  of  alkali,  are 
apparent;  yet,  if  salt  of  tartar  be  distilled  Avith  sal  ammoniac,  the  volatile 
alkali  Avill  be  displaced,  Avith  all  its  previous  characters,  because  there  is  a 
greater  attraction  betAveen  spirit  of  salt  and  tartar  than  betAveen  spirit  of 
salt  and  volatile  alkali.  Again,  to  show  that  the  acid  is  not  destroyed  in 
saline  combinations,  he  instances  the  decomposition  of  nitre  by  oil  of 
vitriol,  Avhich,  he  says,  displaces  the  nitric  acid,  and  the  residuum  in  the 
retort  furnishes  vitriolated  tartar.  It  may  be  asked,  he  says,  Avhy,  Avhen 
nitre  is  heated,  the  nitric  acid  does  not  rise,  for  it  is,  as  Ave  have  just  seen, 
very  volatile:  the  reason  is,  that  it  is  restrained  and  kept  doAvn  by  its 
attraction  for  the  tartar,  and  can  only  be  displaced  by  bodies  Avhich  have 
a stronger  attraction  for  tartar  than  it.  This  is  excellent  reasoning,  and 
it  would  be  difficult,  Avitli  all  the  advantages  of  modern  acquisitions,  to 
adduce  tAVO  more  illustrative  cases  than  those  AAdiich  JMayoav  has  furnished, 
lie  then  goes  on  to  shoAv  that  acids  have  a greater  attraction  for  alkalis 
than  for  metals.  The  metals,  he  says,  are  soluble  in  one  or  other  of  the 
acids,  but  their  solutions  are  decomposed  by  salt  of  tartar;  the  acid  then 
combines  Avith  the  tartar,  and  the  metal  is  precipitated,  In  the  same  way 
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alkali  unites  to  sulpkur;  but  if  this  combination  be  dissolved  in  water, 
and  acid  added  to  the  solution,  the  sulphur  falls,  and  the  acid  and  alkali 
unite.  Combinations  of  the  metals  with  sulphur  are  also  decomposed  by 
acids;  thus,  if  sulphuret  of  antimony  be  distilled  with  aquafortis,  the  acid 
and  metal  combine,  and  sulphur  sublimes. 

Having  given  other  similar  instances  of  the  combination  of  sulphur 
with  metals  and  alkalies,  he  proceeds  to  some  general  views  connected 
with  the  subject,  among  which  the  following  deserve  particular  notice. 
Although,  he  says,  sulphur  enters  into  these  combinations,  we  are  not 
to  imagine,  as  some  have  done,  that  sulphur  includes  an  acid,  and 
thence  derives  its  powers  of  combination,  in  consequence  of  its  containing 
an  opposite  nature ; on  the  other  hand,  it  is  clear,  he  adds,  that  the 
combination  is  independent  of  any  such  hidden  cause,  and  is  the  mere 
result  of  the  mutual  affinity  of  the  substances.  He  then  cautions  those 
concerned  in  the  compounding  of  medicines,  to  beware  of  the  new  com- 
pounds that  may  result  in  consequence  of  these  mutual  attractions  and 
decompositions,  for  “one  substance  may  destroy  the  efficacy  of  another, 
and  something  perfectly  different  from  the  original  may  result.”  It  is 
curious,  he  remarks,  that  when  acid  of  vitriol  is  poured  upon  salt  of 
tartar,  so  as  to  form  vitriolated  tartar,  a great  effervescence  ensues;  but 
if  the  acid  be  previously  combined  with  a metal,  this  is  not  observed,  and 
yet  vitriolated  tartar  is  equally  formed;  as  when  salt  of  tartar  is  added 
to  solution  of  green  vitriol.  In  these  cases,  he  says,  the  acid  part  of  the 
salt  of  tartar  is  retained  by  the  metal;  thus  giving  an  explicit  account  of 
a frequently  occurring  case  of  double  decomposition. 

These  views,  relating  to  chemical  attraction,  are  at  once  clever  and 
correct,  and  their  merit  will  be  especially  enhanced  by  a comparison  with 
the  absurd  and  groundless  speculations  previously  entertained  upon  this 
subject.  But  Mayow  has  other  and  more  weighty  evidence  in  his  favor, 
for  it  is  remarkable  that  his  views  and  language  were  adopted  by  New- 
ton, and  that  the  sketch  of  a theory  of  chemical  attraction  given  by  that 
philosopher  in  the  Queries  annexed  to  the  third  book  of  Optics,  is  nearly 
in  the  language,  and  quite  in  the  spirit  and  meaning,  of  his  predecessor 
Mayow.  The  following  are  a few  of  the  points  urged  by  Newton  in  the 
explication  of  these  phenomena:-— 

If  carbonate  of  potash  be  exposed  to  air  it  deliquesces,  in  consequence, 
says  Newton,  of  an  attraction  between  the  salt  and  the  particles  of  water 
contained  in  the  atmosphere.  And  why  does  not  common  salt  and  salt- 
petre deliquesce  in  the  same  way,  except  for  want  of  such  attraction  ? 

And  again,  where  he  especially  comes  in  contact  with  Mayow,  he 
says,  when  spirit  of  vitriol,  poured  upon  common  salt  or  saltpetre,  makes 
an  ebullition,  and  affords  on  distillation  the  muriatic  and  nitric  acids,  the 
acid  part  of  the  spirit  of  vitriol  staying  behind,  does  not  this  argue  that 
the  fixed  alkali  in  the  common  salt  and  saltpetre,  attracts  the  acid  spirit 
of  the  vitriol  more  strongly  than  its  own  spirit,  and  not  being  able  to 
hold  them  both,  lets  go  its  own?  How  these  attractions  may  be  per- 
formed, continues  Newton,  I do  not  here  consider;  what  I call  attraction 
may  be  performed  by  impulse,  or  by  some  other  means  unknown  to  me: 
I use  that  word  to  signify  any  force  by  which  bodies  tend  towards  one 
another,  whatever  be  the  cause.  Thus,  he  says,  muriatic  acid  unites  to 


OF  CHEMICAL  PHILOSOPHY. 


XXXIX 


salt  of  tartar,  by  virtue  of  tlieir  respective  attractions;  but  when  oil  of 
vitriol  is  poured  upon  this  compound,  the  former  acid  is  displaced  by  the 
superior  attraction  of  the  latter.  Silver  is  separated  from  aquafortis  by 
quicksilver;  quicksilver  by  copper;  and  copper  by  iron;  which  argues 
that  the  acid  particles  of  the  aquafortis  are  attracted  more  strongly  by 
iron  than  by  copper;  by  copper  than  by  quicksilver;  and  by  quicksilver 
than  by  silver*.  Thus,  then,  chiefly  by  the  experimental  labors  of 
Mayow,  and  the  sagacious  views  of  Newton,  the  old  and  prevailing 
notions  of  the  atomic  forms  of  bodies,  the  hypothesis  of  hooks,  rings, 
points,  and  wedges,  by  which  the  component  parts  of  bodies  were  supposed 
to  be  held  united,  gave  way  to  a simple  and  independent  expression  of  facts. 

It  has  often  been  said,  that  anticipations  of  modern  discoveries  which 
could  alone  be  demonstrated  by  the  progress  of  experimental  research, 
are  characteristic  of  the  writings  of  Newton,  and  proofs  of  his  sagacity 
and  penetration:  he  inferred  that  the  diamond  consisted  of  inflam- 
mable matter,  and  suspected  the  existence  of  a combustible  element 
in  water,  very  long  before  either  of  those  subjects  had  been  experimen- 
tally investigated;  and  in  his  notions  relating  to  the  subject  of  chemical 
attraction,  he  has  an  anticipation  not  less  striking,  relating  to  the  con- 
nexion betAveen  chemical  and  electrical  attraction.  “ The  attractions  of 
gravity,  magnetism,  and  electricity,  reach  to  very  sensible  distances,  and 
so  have  been  observed  by  vulgar  eyes;  and  there  may  be  others  which 
reach  to  so  small  distances  as  hitherto  to  escape  observation,  and  perhaps 
electrical  attraction  may  reach  to  such  small  distances  without  being 
excited  by  frictiont.” 

I shall  conclude  this  subject  Avith  some  account  of  the  progress  more 
lately  made  in  elucidating  the  doctrines  of  chemical  attraction. 

In  J7I8,  Geoffhoy^:  invented  those  tables  of  aflinity  Avhich  are  noAv 
often  given  in  elementary  Avorks,  and  Avhich  have 
proA^ed  of  serAuce  in  extending  chemical  knoAvledge. 

He  considered  the  order  in  which  bodies  separate  each 
other  from  a given  body,  as  constant.  Thus,  he  thought 
the  metals  Avere  ahvays  separated  from  acids  by  the 
absorbent  earths,  these  by  volatile  alkali,  and  the  vola- 
tile by  the  flxed  alkalis;  to  represent,  therefore,  the 
attraction  of  acids  for  these  substances,  he  placed  them  at  the  head  of  a 
column,  Avith  the  other  bodies  beneath,  in  the  order  of  attraction,  as  shoAvn 
in  the  margin. 

He  then  constructed  a column  for  each  particular 
acid;  thus  the  table  for  nitric  acid  taken  from  Neav- 
ton’s  experiments  Avould  stand  as  annexed: — 

Gellert,  and  Limbourg,  in  1751  and  1758,  ex- 
tended, and,  in  some  respects,  improved  these  tabular 
representations  of  the  results  of  attraction;  but  no  con- 
siderable progress  Avas  made  in  the  investigations  con- 
nected Avith  the  subject,  until  Bergaian  published  his 
dissertation  upon  it  in  1775. 


Acids. 

Fixed  alkalis. 
Volatile  alkali. 
Absorbent  earths. 
Metals. 


Nitric  Acid. 

Fixed  alkali.  ,, 
Volatile  alkali. 
Earths. 

Iron. 

Copper. 

Lead. 

INIercury. 

Silver. 


• Neavton’s  Optics,  book  iii.,  query  I t Optics,  book  hi.  \ 
31.  ' :{:  iVfew.,  Paris,  17 18. 
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Oxide  of 

Silver. 

Silver. 

Lead. 

Sulphuric  acid. 

Copper. 

Oxalic 

do. 

Mercury. 

Phosphoric 

dp. 

Bismuth. 

Nitric 

do. 

Tin. 

Tartaric 

do. 

Gold. 

Citric 

do. 

Of  Bergman’s  character  and  merits  as  a chemist,  I shall  speak 
afterwards,  confining  myself  at  present  to  the  views  which  he  enter- 
tained upon  the  subject  of  affinity,  or,  as  he  called  it,  elective  attraction"^ . 

Bergman  considered  that  every  substance  possessed  a peculiar  attrac- 
tive force  for  every  other  substance  with  which  it  combines ; a force 
capable  of  being  represented  numerically : he  regarded  decomposition  as 
complete;  that  is,  whenever  a third  body  c,  is  added  to  a compound  «,  6, 
for  one  of  the  constituents  of  which  it  has  a stronger  attraction  than  that 
which  already  exists  between  them,  the  compound  will  be  decomposed, 
and  the  whole  of  one  of  its  elements  transferred  to  the  added  body. 
Thus,  suppose  the  attraction  of  a for  h to  be  represented  by  1,  and  of  a 
for  c by  2,  then  the  addition  of  c to  g 6 will  produce  the  compound  a c, 
and  h will  be  separated.  AVhen  lime-water  is  added  to  nitrate  of  mag- 
nesia, the  latter  earth  is  precipitated,  and  the  former  combines  with  the 
nitric  acid.  Hence,  nitric  acid  poured  upon  a mixture  of  lime  and  mag- 
nesia, dissolves  the  former,  in  preference  to  the  latter  earth. 

The  observation  of  these  facts  led  Berg- 
man to  call  this  kind  of  attraction  elective, 
and  he  has  given  tables,  showing  these  re- 
lative attractions  of  bodies  in  the  dry  and 
humid  wa}^  Thus: 

Bergman’s  opinions  relating  to  affinity 
were  generally  admitted  as  correct,  till  Ber- 
THOLLET  published  his  Avork  on  Chemical 
Statics  in  1803,  in  Avliich  he  endeavoured 

to  revive,  under  a new  aspect,  some  of  the  old  chemico-mechanical  doc- 
trines, and  to  prove  that  the  forms  of  the  acting  particles,  and  their 
magnitudes,  or  masses  of  matter,  were  concerned  in  influencing  the  results. 
Though  these  doctrines  may  now  be  considered  as  disproved,  they  had 
many  advocates,  and  were  gaining  ground,  until  the  promulgation  of  the 
so-called  atomic  theory.  The  experiments  adduced  by  Berthollet 
in  support  of  his  hypothesis,  appeared  at  first  very  satisfactory;  but 
upon  minute  inspection  they  have  their  weak  points,  and  many  of  the 
errors  into  which  they  led  have  been  successfully  unravelled,  by  Professor 
Pfafp,  of  Kiel,  by  Sir  H.  Davy,  and  others.  In  illustration  of  the 
agency  of  the  mass  of  matter,  Berthollet  has  adduced  the  mutual  action 
of  sulphate  of  potassa  and  baryta:  Avhen  solution  of  baryta  is  added  to 
sulphate  of  potassa,  potassa  is  liberated,  and  sulphate  of  baryta  is  formed, 
and  precipitated  insoluble;  but  if  a large  quantity  of  potassa  be  added  to 
a small  quantity  of  sulphate  of  baryta,  the  mass  Avill,  according  to  Ber- 
thollet, prevail  over  Avhat  appears  to  be  the  real  chemical  affinity,  and 
sulphate  of  potassa  Avill  be  formed,  and  baryta  evolved.  But  Sir  11. 
Davy  pointed  out  the  fallacy  to  Avhich  this  experiment  is  liable,  by 
showing  that  pure  potassa  does  not  effect  any  change  upon  sulphate  of 
baryta,  but  that,  making  the  experiment  in  open  vessels,  part  of  the 
potassa  acquires  carbonic  acid,  and  then  a double  affinity  is  brought  into 
action,  the  bodies  present  being  carbonate  of  potassa  and  sulphate  of 
barytah. 


* De  Attractionibus  Electivis. 
cula,  vol.  iii.,  p.  291. 


Opus-  1 t Elements  of  Chem.  Philos.,  p.  119. 


OF  CHEMICAL  rHILOSOPIlY. 


xli 


Bertiiollet’s  notion,  that  the  acting  bodies  are  divided  among  each 
other,  in  proportions  depending  upon  their  relative  masses  and  attrac- 
tions, has  been  combated  and  disproved  by  Pfafp^,  who  has  shown  that 
tartrate  of  lime  is  completely  decomposed,  by  adding  to  it  a quantity  of 
sulphuric  acid,  exactly  sufficient  to  saturate  the  lime  it  contains;  and  in 
the  same  way  he  has  shown  that  oxalate  of  lead  is  decomposed,  l)y  adding 
sulphuric  acid  sufficient  to  saturate  the  oxide  of  lead. 

But  the  establishment  of  the  Atomic  Theory,  from  which  we  learn 
that  bodies  combine  only  in  certain  definite  proportions,  has  gone  further 
to  elucidate  the  important  subject  of  chemical  attraction,  and  to  subvert 
former  doctrines,  than  any  previous  objections  or  partial  experimental 
investigations.  In  establishing  this  theory,  ail  the  eminent  chemists  of 
Europe  have  taken  an  active  part.  Its  foundation  was  apparently  laid 
by  Mr.  AVilliam  Higgins,  of  Dublin,  previous  to  the  year  17B9;  for  the 
essential  facts,  which  have  subsequently  been  followed  up,  and  worked 
out  by  later  chemists,  are  to  be  found  in  his  Comparative  View  of  the 
Phlogistic  and  AntipJdogistic  Theories.  In  the  year  1814,  he  published 
his  Experiments  and  Observations  on  the  Atomic  Theory^  to  which  I may 
also  refer  the  historical  reader. 

Between  the  years  1792  and  1802,  Dr.  Piciiter,  of  Berlin,  pub- 
lished his  Geometry  of  the  Chemical  Elements  t,  containing  a series  of 
tables,  showing  the  weight  of  each  base,  capable  of  saturating  one  hun- 
dred parts  of  each  acid;  and  the  weight  of  each  acid,  capable  of  saturating 
one  hundred  of  each  base.  He  observed,  that  in  all  these  tables,  the 
bases  and  the  acids  followed  the  same  order;  and  further,  that  the  num- 
bers in  each  table  constitute  a series  having  the  same  ratio  to  each  other 
in  all  the  tables.  Thus,  supposing  in  the  table  of  sulphates,  one  hundred 
parts  of  acid  were  saturated  by  one  hundred  of  soda,  two  hundred  of 
potassa,  and  three  hundred  of  baryta;  then  in  the  table  of  nitrates  the 
same  ratio  would  hold  good,  and  the  soda,  potassa,  and  baryta  would  there 
also  stand  to  each  other  in  the  relation  of  one,  two,  and  three. 

Thus  was  explained  why,  when  two  neutral  salts  decomposed  each 
other,  the  newly  formed  salts  are  also  neutral;  for  the  proportion 
of  bases  that  saturate  a given  weight  of  one  acid,  saturate  a given  Aveight 
also  of  all  the  other  acids.  Hence  numbers  may  be  attached  to  each  acid 
and  to  each  base,  indicating  the  Aveight  of  it  Avhich  Avill  saturate  the 
numbers  attached  to  all  the  other  acids  and  bases.  Upon  this  principle, 
elementary  works  on  chemistry  contain  tables  of  the  equiAnlent  numbers, 
or  atomic  Aveights  of  bodies ; and  upon  the  same  principle.  Dr.  Wollaston, 
by  adapting  such  table  of  numbers  to  a moveable  scale,  on  the  principle 
of  Gunter’s  sliding  rule,  has  constructed  the  logometric  scale  of  chemical 
eipiivalents.,  Avhich  is  so  important  and  valuable  an  instrument  to  the 
practical  chemist. 

I cannot  enter  into  further  details  respecting  the  researches  Avhich 
have  established  and  elucidated  this  highly  important  subject,  Avithout 
entering  into  discussions  involving  the  labors  of  contemporary  chemists; 
and  must,  therefore,  here  merely  refer  to  the  investigations  of  Dalton | 

* Annates  de  Ctiimie.  Lxxvii.  Messkunst  Chemischer  Elemenle, 

•\Anfangsgrunde  der  Stochiometrie^oder  + New  System  of  Chemical  Philosophy, 
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and  Gay  Lussac*  connected  with  it,  and  to  the  details  which  will  be 
found  in  another  part  of  this  work. 


§ vii. 


Before  we  proceed  with  the  regular  thread  of  our  historical  sketch, 
which  is  now  carrying  us  into  that  eventful  period  for  chemistry,  and 
indeed  for  the  progress  of  all  the  sciences,  the  first  hsilf  of  the  eighteenth 
century,  it  is  requisite  rapidly  to  review  some  collateral  investigations 
which  occupied  the  philosophers  of  the  seventeenth  century,  and  which, 
though  not  strictly  chemical,  contributed  much  to  the  progress  and  per- 
fection of  some  of  the  more  difficult  and  abstruse  branches  of  that  depart- 
ment of  knowledge. 

Of  these  inquiries,  it  will  especially  be  right  to  notice  such  as  relate  to 
the  phenomena  and  effects  of  heat^  Avhich,  in  consequence  chiefly  of  the 
invention  of  the  thermometer^  were  pursued  Avith  a degree  of  ardor  and 
success,  highly  creditable  to  the  diligence  and  sagacity  of  the  individuals 
concerned.  Among  them,  Boyle  is  entitled  to  particular  praise;  and 
though  his  inquiries  are  blended  Avith  much  irrelevant  and  miscellaneous 
digression,  they  contain  materials  amply  important  and  interesting;  mate- 
rials Avhich  paved  the  way  for  some  of  the  most  eminent  achievements 
in  chemical  science. 

It  has  been  disputed  to  whom  the  honor  of  inventing  the  thermome- 
ter belongs;  some  have  given  it  to  Cornelius  DREBBELt,  and  some,  Avith 
more  plausibility,  to  SantorioJ  of  Padua.  But,  when  Ave  reflect  upon 
the  imperfection  and  comparative  uselessness  of  the  instruments  attributed 
to  those  claimants,  and  Avhen  the  construction  of  the  thermometer  noAV 
in  use  may  be  indisputably  referred  to  the  Florentine  Academicians,  the 
disputes  respecting  priority  become  of  little  importance.  Air  Avas  first 
used  as  a means  of  exhibiting,  by  its  expansion  and  contraction,  the 
alternations  of  heat  and  cold;  and  Van  Helmont  has  described,  Avith  some 
minuteness,  several  modifications  of  the  air  thermometer^.  But  hoAvever 
valuable  such  thermometers  may  be  for  particular  purposes,  they  are  ren- 
dered extremely  inconvenient  by  the  rapid  and  great  dilatability  of  air  by 
moderate  changes  of  temperature:  besides  AAdiich,  it  is  very  difficult  so 
to  construct  air  thermometers  as  to  agree  among  themselves  in  indicating 
the  same  degree,  Avhen  applied  to  bodies  of  similar  temperature.  The 
Academicians  del  Cimento  Avere  the  first  to  employ  thermometers  con- 
structed as  we  now  see  them.  They  used  tubes,  Avitli  a bulb  containing 
spirit  of  wine,  and  closed  so  as  to  exclude  the  influence  of  air,  and  prevent 
the  evaporation  of  the  liquid.  This  thermometer,  hoAvever,  though  much 
superior  to,  and  more  useful  than  the  old  air  thermometer,  Avas  yet  an 
useless  instrument,  if  Ave  speak  of  it  comparatively  Avith  those  noAv  con- 
structed; for,  there  being  no  fixed  point  at  either  extremity  of  the  scale, 
the  graduation  was  arbitrary,  and  no  tAvo  instruments,  when  placed  in  an 
atmosphere  of  the  same  temperature,  indicated  the  same  degree  of  heat. 


* Mtmoires  d'Ar cue'll^  ii.  287. 

+ Born  in  Holland,  1572;  died  in 
London,  1634.  He  is  also  said  to  have 
invented  the  microscope. 


+ Born  at  Capo  dTstria,  1561;  died  at 
Venice,  1636. 

§ Opera  Omnia,  Art,  Aer,  p.  61, 
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There  is  some  confusion  in  this  part  of  the  history  of  the  thermometer, 
for,  though  the  Florentine  Academicians  state  that  their  scale  generally 
commenced  at  the  temperature  of  freezing,  they  represent  that  point  by 
various  terms  or  degrees,  unsusceptible  of  comparison,  and  say  nothing  of 
the  differing  temperature  of  ice,  which  may  exist  at  32°,  ol*  any  inferior 
degree.  In  Italy,  however,  it  is  most  probable  that  the  ice  was  in  a 
thawing  state,  and  therefore  about  32°  of  Fahrenheit’s  scale;  but  all  re- 
gisters of  the  weather,  and  all  enumerations  of  high  and  low  temperatures, 
are  quite  unintelligible,  as  recorded  by  the  experimentalists  of  that  period, 

“ The  great  and  truly  honourable  Mr.  Boyle”  turned  his  mind  ivith 
much  earnestness  to  the  construction  of  a scale  for  thermometers,  and 
seems  to  have  had  it  in  contemplation  to  set  out  with  the  temperature  at 
which  water  begins  to  freeze;  “but  the  objections  which  he  apprehended 
might  be  made  to  this  method  scared  him  so  much,’’  says  Dr.  Martine"^-, 
“ that  he  prosecuted  no  further  this  consideration  of  fixing  a standard  for 
making  and  graduating  thermometers  all  in  the  same  way.”  Dr.  Halley+ 
observed,  that  the  same  thermometer  always  indicated  the  same  tempe- 
rature, in  places  deep  under  ground,  where  neither  the  heat  of  summer 
nor  the  cold  of  winter  seemed  to  produce  any  effect;  and  Marriotte  and 
De  la  Hire  had  made  the  same  remark  upon  thermometers  placed  in  the 
caves  of  the  observatory  at  Paris.  But  Dr.  Martine,  whose  authority 
is,  in  most  respects,  very  exact,  gives  Dr.  Halley  the  merit  of  fixing 
upon  the  boiling-point  of  water  as  a standard  of  graduation,  which  ele- 
vates the  quicksilver  in  the  thermometer  tube  always  to  a given  point, 
under  given  barometrical  pressure;  and  the  mean  pressure  of  30  inches 
of  mercury  is  generally  understood  to  be  that  to  which  our  thermometers 
are  graduated.  Sir  I.  Newton  employed  the  freezing  and  boiling  of 
water  as  fixed  points,  but  he  used  linseed  oil  to  fill  his  tubes,  a liquid 
inconvenient  from  its  viscidity,  and  irregularity  of  expansion.  Alcohol 
was  first  used  by  the  Florentine  Academicians,  because  it  is  very  sensible 
to  changes  of  temperature,  and  remains  clear  in  the  tube ; but,  since  its 
boiling-point  is  much  below  that  of  water,  it  is  useless  for  the  measure- 
ment of  high  temperatures,  though,  from  not  freezing,  well  suited  to 
indicate  extreme  cold.  For  general  convenience  and  equability  of  expan- 
sion, mercury,  first  used,  I believe;  by  Dr.  Halley,  takes  precedence  of 
all  other  liquids.  It  bears  nearly  a red  heat  before  it  boils,  and  sustains 
the  cold  of  these  latitudes  without  freezing;  hence  it  is  the  liquid  gene- 
rally used  for  accurate  and  delicate  thermometers. 

The  principal  thermometric  scales  in  use  in  Europe  are,  Fahrenheit’s, 
which  commences  at  the  temperature  produced  by  mixing  snow  and  salt, 
and.  which  is  32°  below  the  freezing  of  water ; so  that  the  latter  point  is 
marked  32°,  and  the  boiling-point  212°,  the  intermediate  space  being 
divided  into  180°:  Reaumur’s,  in  which  the  zero  is  the  freezing-point, 
and 80°  the  boiling-point:  and  the  Centigrade^  in  which  the  space  between 
the  freezing  and  boiling  of  water  is  divided  into  100°,  the  freezing-point 
being  0°  and  the  boiling-point  of  water  100°. 

In  this  country,  Fahrenheit’s  scale  is  in  general  use;  over  the  greater 
part  of  Germany,  Reaumur’s  scale  is  employed;  and  in  France,  the  Centi- 


* Essays,  Medical  and  Philosophical, 
By  G.  Martine,  M.D.  London,  1740. 


+ Phil.  Trans.,  Abr.,  ii.  p.  36. 
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grade:  it  is  much  to  be  desired  that  the  subject  of  a thermometric  scale 
should,  in  the  present  advanced  state  of  science  as  regards  the  doctrine  of 
heat,  be  taken  into  consideration,  and  that  either  the  Centigrade  (which 
is  certainly  the  least  objectionable  of  those  hitherto  used)  or  some  analo- 
gous scale,  should  be  universally  employed. 

There  are  other  circumstances  connected  with  the  construction  and 
indications  of  the  thermometer,  which  I reserve  for  notice  till  we  consider 
the  more  refined  investigations  relating  to  the  subject  of  heat,  undertaken 
at  a subsequent  period:  in  the  meantime  we  may  advert  to  the  discovery 
of  a singular  property  possessed  by  ivatei\  which,  as  far  as  concerns  the 
influence  of  heat  upon  it,  distinguishes  it  from  other  liquids.  This 
anomaly  was  first  observed  by  the  Florentine  Academicians:  ‘‘We  know,” 
they  say,  “ that  water,  in  passing  into  the  state  of  ice,  suffers  great 
expansion,  a fact  sufficiently  evident  from  the  violence  with  which  various 
vessels  are  broken  and  rent  asunder  during  the  freezing  of  water  in 
them;  but  it  was  not  known  to  us  at  what  particular  period  of  refri- 
geration this  expansion  occurs;  nor  could  we  learn  it  from  our  former 
experiments,  which  were  made  in  vessels  of  silver,  gold,  brass,  and  other 
strong,  but  opaque  materials.  We,  therefore,  now  employed  glass  flasks, 
and  observed,  that  the  moment  they  were  immersed  in  ice,  the  water  in 
the  neck  of  the  flask  was  suddenly  elevated,  that  it  then  began  gradu- 
ally to  fall,  and  at  length  remained  for  a few  moments  quite  stationary; 
then  it  began  again  to  rise  with  a slow,  but  apparently  equable  progress 
at  first,  but  afterwards  sprung  up  so  suddenly,  that  the  eye  could  scarcely 
follow  it^'.” 

In  Birch’s  History  of  the  Royal  Society,  under  the  date  of  the  6th  of 
February,  1683,  we  find  some  experiments  on  the  freezing  of  water  made 


* The  following  unaffected  narrative 
of  this  celebrated  experiment  is  very 
ditferent  from  the  usual  verbose  and 
pompous  style  of  the  philosophers  of  the 
period. 

“ Gia  sapevamo  per  innanzi  (e  lo  sa 
ognuno)  die  il  freddo,  da  principio,  opera 
in  tutti  i liquori  ristrignimento,  e dimi- 
nuzione  di  mole,  e di  cio  non  solamente 
n’avevamo  la  riprova  ordinaria  delF 
aquarzente  de’  Termometri,  ma  n’ave- 
vamo fatta  esperienza  nell’  acqua,  nelf 
olio,  nell’  argentovivo,  ed  in  molt’  altri 
fluidi.  Dali’  altro  canto  sapevamo  an- 
cora,  die  nel  passaggio,  die  fa  1’  acqua 
dall’  esser  semplicemente  fredda,  al  ri- 
muoversi  dalla  sua  fluidita,  e ricever  con- 
sistenza  e durezza  coll’agghiacciamento, 
non  solo  ritorna  alia  mole,  ch’  ell’  aveva 
prima  di  ratfreddarsi,  ma  trapassa  ad  una 
maggiore,  mentre  se  le  veggon  rompere 
vasi  di  vetro  e di  metallo  con  tanta  forza. 
jNIa  qiial  poi  si  fosse  il  periodo  di  queste 
varie  alterazioni,  die  in  essa  opera  il 
fi  eddo,  questo  non  sapevamo  ancora,  ne 
era  possibiled’arrivarvi  con  agghiacciarla 
dentro  a’  vasi  opaclii,  come  quei  d’ar- 


gento,  d’ottone,  e d’oro,  ne’  quali  s’era 
fin’  alloia  aggliiacciata : Onde  per  non 
mancare  di  quella  notizia, . die  parea 
esser  I’anima  di  tutte  quest’  esperienze, 
ricorremmo  al  cristallo,  ed  al  vetro,  spe- 
rando  per  la  trail sparenza  della  materia 
d’aver  presto  add’  assicurarci  come  la 
cosa  andasse,  mentre  si  poteva  a ciascun 
movimento,  die  fosse  apparso  nell’  acqua 
del  collo,  cavar  subito  la  palla  dal’  ghiac- 
cio,  e riconoscer  in  essa  quali  alterationi 
gli  correspondessero.  :Ma  la  verita  si  e, 
die  noi  steiitarnmo  assai  pin  die  non  ci 
saremmo  niai  dati  ad  intendere,  prima 
di  poter  rinvenire  alcuna  cosa  di  certo 
intorno  a’  periodi  di  quest!  accidenti.  E 
per  dime  pin  distintaniente,  il  successo 
e da  sapere,  die  nella  prima  imniersione, 
die  facevanio  della  palla,  subito,  ch’  ella 
toccava  I’acqua  del  ghiaccio,  s’osservava 
nell  acqua  dell  collo  un  piccolo  solleva- 
niento,  ma  assai  veloce,  dopo  il  quale 
con  iiioto  assai  ordinato,  e di  mezzana 
velocita,  s’  andava  retirando  verso  la  pal- 
la, finche  arrivata  a un  certo  grado,  non 
proseguiva  piii  oltre  a discendere,  ma 
si  fermaya  quivi  per  qualdie  tempo,  a 
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before  that  body,  in  consequence  of  a letter  received  from  Mr.  Musgraye, 
of  Oxford.  “ Dr.  Croune  said,  he  had  observed  water  put  into  a bolt- 
head  rise  higher  before  freezing.  Mr.  Hooke  attributed  this  to  the 
shrinking  of  the  glass.  Dr.  C.  said,  the  glass  had  been  long  in  the  cold 
before,  and  the  water  rose  immediately.  Dr.  Wallis  proposed  that  an 
empty  glass  might  be  well  cooled  in  a freezing  liquor,  in  order  that  it 
might  have  its  contraction  before  the  water  be  put  into  it.  This  was  done 
immediately  by  Mr.  Hunt,  and  the  water  being  put  into  a small  bolt-head 
rose  in  the  neck.”  Numerous  and  correct  experiments  have  completely 
established  this  peculiarity  in  the  freezing  of  water;  other  fluids  have 
their  maximum  of  density  just  before  the  freezing-point;  water  expands 
before  it  freezes,  and  consequently  water  at  36°  is  lighter  than  water  at 
40°,  and  floats  upon  its  surface;  hence  it  is,  that  large  masses  of  water, 
being  cooled  by  the  atmosphere  upon  their  surface,  only  freeze  there,  and 
the  water  beneath  retains  the  more  congenial  temperature  of  40°. 

Among  the  experiments  made  by  the  Accademia  del  Cnwew/o,  we  find 
many  details  independent  of  those  already  adverted  to,  which  are  at  once 
accurate  and  curious,  and  especially  in  that  section  of  their  Transactions^ 
entitled  Experiments  relating  to  Ice.  In  the  sixth  experiment  of  this 
section,  they  notice  the  effect  of  various  metallic  vessels  upon  the  thawing 
of  ice:  they  found  it  was  longer  preserved  in  lead  and  tin,  than  in  similar 
vessels  of  brass  and  of  iron;  and  that  it  soon  thawed  in  gold,  and  sooner 
in  silver.  This  enumeration  of  the  metals  is  in  the  order  of  their  con- 
ducting power,  as  ascertained  more  than  a century  afterwards  by  Dr. 
Ingenhousz. 

The  radiation,  reflection,  and  refraction  of  heat,  are  subjects  of  inquiry 
which]  also  probably  engaged  much  of  the  attention  of  the  Florentine 
experimentalists,  but  their  published  essays  contain  scarcely  any  details 
relating  to  them.  In  the  ninth  experiment,  however,  of  the  above  quoted 
section,  they  have  given  an  account  of  a discovery  that  afterwards  excited 
much  discussion,  relating  to  the  reflection  and  radiation  of  cold.  “We 
were  anxious  to  try  if  a concave  mirror,  placed  before  a mass  of  ice, 
weighing  five  hundred  pounds,  caused  any  reflection  of  cold  upon  a very 
delicate  thermometer  placed  in  its  focus;  and  truly  it  began  immediately 
to  fall;  but  in  consequence  of  the  vicinity  of  the  ice,  it  was  doubtful 
whether  the  effect  resulted  from  the  direct,  or  from  the  reflected  rays;  we, 
therefore,  covered  the  mirror,  and  whatever  was  the  cause,  certain  it  is 
that  the  spirit  began  immediately  to  rise  again.  With  all  this,  we  do  not 
mean  positively  to  affirm  that  no  other  cause  could  have  produced  such 
an  effect,  than  the  absence  of  the  rays  reflected  from  the  mirror,  for 
we  were  not  careful  in  adopting  all  the  precautions  requisite  in  such  an 
experiment*.” 


giudizio  dezli  occhi,  affatto  priva  di  mo- 
vimento.  Poi  a poco  a poco  si  vedea 
ricominciare  a salire,  ma  con  im  moto 
tardisvsimo,  e apparentemente  equabile, 
dal  quale  senz’  alcun  proporzionale  ac- 
celeramento  spiccava  in  nn  subito  im 
furiosissimo  salto,  nel  qnal  tempo  era 
impossibile  tenerle  dietro  coll’  occhio, 
scorrendo  con  quell’  impeto,per  cosi  dire, 


in  instanti  ledecine  ele  decine  de’gradi.” 
Esperiemae  intorno  al  progresso  degli  art%~ 
fizxali  agghiacciamenti,  e de'  loro  mirabili 
accidenti.  Saggi  di  natural!  esperienze 
fatto  nell’  accademia  Del  Cimento.  Fi- 
renze, 1G91. 

^ Saggi,  above  quoted.  See  also  Wal- 
ler’s Translation  of  tlie  Essays  of  the 
Academicians  del  Cimento.  1G84. 
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Muschenbroek,  De  Mairan,  and  others,  concluded  from  these  and 
similar  experiments,  that  cold  is  not  the  mere  absence  of  heat,  hut  a 
distinct  form  of  matter  possessed  of  specific  properties.  Sometimes  it 
has  been  spoken  of  as  a substance  of  a saline  nature,  floating  in  minute 
particles  in  the  air,  and  occasioning  the  congelation  of  water  by  intruding 
themselves  among  its  particles.  Now,  although  such  a conclusion  is  not 
called  for  by  the  phenomena,  it  has  been  plausibly  conjectured  that  ice 
and  other  cold  bodies  do  radiate  matter,  which  is  capable  of  exciting  the 
sensation  of  cold  in  circumjacent  bodies. 

To  get  rid,  however,  of  such  an  hypothesis,  it  has  been  suggested  that 
the  etfect  of  the  ice  is  to  disturb  the  balance  of  temperature  in  the  sur- 
rounding  bodies,  and  consequently  to  cause  a chasm,  as  it  were,  into 
which  they  tend  to  pour  their  excess  of  heat ; among  these  is  the  ther- 
mometer, which  consequently  indicates  cold : but  although  such  an 
explanation  might  suffice  in  respect  to  the  mere  approximation  of  the  ice 
to  the  thermometer,  it  is  scarcely  applicable  to  the  case  of  radiation. 

Sir  H.  Davy  says,  “ The  apparent  radiation  of  cold  is  in  harmony 
with  the  phenomena  of  the  reflection  of  the  solar  beams ; for  if  it  be 
supposed  that  rays  capable  of  producing  heat  emanate  from  all  terrestrial 
bodies,  but  in  quantities  greater  in  some  increasing  proportion  as  their 
temperatures  are  higher,  then  the  introduction  of  a cold  body  into  the 
focus  of  one  mirror  ought  to  diminish  the  temperature  of  a thermometer 
in  the  focus  of  the  other,  in  the  same  manner  as  a black  body  placed  in 
one  focus  would  diminish  the  quantity  of  light  in  the  other  focus ; and 
the  eye  is  to  the  rays  producing  light,  a measure  similar  to  that  which  the 
thermometer  is  to  rays  producing  heat^.” 

Leslie  admits  that  the  temperature  excited  by  radiant  matter  varies 
with  its  source,  and  that  all  substances  may  be  considered  as  producing 
th  ese  emanations.  If  we  approach  a heated  surface,  we  feel  the  radiant 
heat;  if  the  surface  be  of  the  same  temperature  as  ordinary  circumjacent 
bodies,  or  of  a temperature  between  40°  and  80°,  we  feel,  perhaps,  nothing 
remarkable ; yet  such  a surface  does  actually  radiate  matter  of  its  own 
temperature,  as  shown  by  approaching  it  with  a cooler  thermometer:  if 
the  surface  be  of  ice  or  colder  materials,  we  feel  upon  approaching  it  the 
sensation  of  cold,  depending  upon  the  emanation  of  cold  radiant  matter, 
since  it  is  susceptible  of  reflection  by  the  mirrors.  We  are  further  to 
consider,  that  the  terms  heat  and  cold  are  merely  relative.  We  may  sup- 
pose that  in  an  atmosphere  heated  to  400°,  boiling  'water  would  radiate 
(comparatively  speaking)  cold;  and  in  the  same  way  ice  at  32°  would 
radiate  heat  in  an  atmosphere  very  much  below  the  freezing-point.  To 
Leslie  we  are  indebted  for  an  admirable  series  of  researches  on  the  philo- 
sophy of  radiant  matter,  partly  contained  in  his  Treatise  on  Heat,  and 
partly  in  other  essays.  {Suppl.  to  Encyclop.  Brit.)  He  supports  the 
theory  of  the  radiation  of  cold  by  some  striking  illustrations. 

§ YIII. 

From  the  preceding  details,  some  idea  may  be  formed  of  the  state  of 
Chemistry  at  the  close  of  the  seventeenth  century.  As  an  art,  we  have 

* Elements  of  Chemical  Philosophy,  p,  206. 
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seen  'with  what  success  and  diligence  it  was  cultivated  by  Basil  Valen- 
tine and  Glauber  ; and  how  ably  it  was  pursued  as  a science  by  Mayow 
and  Hooke.  To  these  philosophers,  and  to  a few  of  their  companions, 
we  not  only  owe  the  materials  which  were  arranged  and  embodied  by 
their  earliest  successors  in  the  eighteenth  century,  but  we  are  to  ascribe 
also  to  them  the  merit  of  founding  scientific  chemistry;  of  laying  the 
basis  upon  which  the  superstructure  of  modern  chemical  science  has  been 
raised.  The  importance  of  multiplied  observations  and  experiments,  the 
application  of  chemical  principles  to  agriculture,  and  the  aid  to  be  derived 
from  them  in  several  arts  and  manufactures,  as  well  as  in  many  depart- 
ments of  domestic  economy,  are  to  be  learned  in  the  writings  of  Glauber; 
while  Basil  Valentine  and  Van  Helmont  have  shown  the  necessity  of 
studying  pharmacy  on  chemical  principles,  and  have  applied,  wdth  much 
success,  the  doctrines  learnt  in  the  laboratory,  to  the  preparation  of  many 
invaluable  medicines,  which  have  facilitated  the  treatment  and  cure  of 
disease ; nor  were  the  quackery  and  eccentricities  of  Paracelsus  unem- 
ployed in  this  reformation.  In  that  age,  example  was  more  efficacious 
than  precept ; and  those  ayIio  witnessed  the  cures  which  he  performed, 
enlisted  under  his  banner,  and  were  equally  vehement  with  their  leader 
in  combating  the  doctrines  of  the  Galenical  school  of  physic,  and  sub- 
stituting those  of  the  chemical  sect. 

If  we  look  at  the  scientific  generalizations  of  modern  chemistry,  and 
more  especially  at  the  theories  of  combustion  and  acidification,  promul- 
gated by  the  French  school  about  the  middle  of  the  last  century,  we  find 
them  not  anticipated  merely,  but  even  minutely  explained,  by  Boyle, 
Hooke,  and  Mayow,  w'ho  flourished  about  one  hundred  years  before 
Lavoisier  ; and  Mayow,  in  his  researches  into  the  laws  and  phenomena 
of  chemical  affinity,  seems  to  have  trodden  upon  ground  which  even 
New'TON  explored  as  his  own.  In  the  history  of  chemistry,  we  perceive, 
perhaps,  more  than  in  any  other  branch  of  science,  the  different  roads  by 
Avhich  the  human  mind  arrives  at  the  same  conclusions ; but  we  are  not 
therefore  to  consider  those  conclusions  as  unavailing,  because  anticipated; 
the  very  circumstance  of  attaining  them  by  different  means,  justifies  the 
search;  and  he  whose  investigations  disclose  new  views,  and  unfold  new 
truths,  may  rest  satisfied  that  he  has  not  laboured  in  vain,  because  he 
ultimately  arrives  where  others  have  been  before  him.  In  estimating, 
however,  the  true  merits  of  chemical  discoveries  and  inventions,  and 
more  especially  in  determining  the  excellence  and  originality  of  theories, 
it  is  requisite  to  look  to  their  sources,  and  to  examine  the  steps  which 
led  to  them,  and  upon  that  examination  to  found  our  opinion. 

The  leading  feature  and  important  novelty  of  the  science,  as  influencing 
its  progress  in  the  last  century,  was  certainly  the  discovery  of  gaseous 
bodies,  and  the  perfection  of  23neumatic  chemistry;  without  which  analysis 
could  have  made  little  progress,  and,  independent  of  which,  all  improve- 
ment in  theory  Avould  have  been  but  slow  and  ineffectual ; it  was  also 
materially,  though  less  directly  assisted  by  those  investigations  respecting 
the  agency  of  heat,  in  which  Dr.  Black  made  himself  so  eminent. 

Though  something  is  due  to  Mayow,  we  must  in  justice  confer  the 
merit  of  founding  imeumaiic  chemistry  upon  Dr.  Stephen  Hales*,  whose 

* Born  in  Kent,  1677;  died  at  Teddington,  1761. 
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researclies  came  before  tlie  public  very  early  in  the  last  century.  “ He 
refused  a canoiiry  of  Windsor,  that  he  might  continue  to  devote  himself 
to  his  parochial  duties,  and  favorite  scientific  pursuits ; and,  as  piety, 
truth,  and  virtue,  were  the  principles  of  his  character,  he  lived  in  universal 
esteem,  to  the  age  of  eighty-four,  dying  at  Teddington,  on  the  4th  of 
January,  17111,  where  he  was  buried,  under  the  church-tower,  which  he 
had  rebuilt  at  his  own  expense.’’ 

Dr.  Hales  commenced  the  communication  of  his  researches  to  the 
Royal  Society  about  the  year  1717,  ^nd  in  17^7  be  published  his 
Statical  Essaijs^  containing  an  Essay  towards  a Natural  Histoiy  of 
Vegetation^  of  use  to  those  who  are  curious  in  the  Culture  and  Imjwove- 
ment  of  Gardening:  also  a Specimen  of  an  Attempt  to  analyse  the  Air^  by 
a great  variety  of  Clmnico- Statical  Experiments,  which  were  read  at 
several  Meetings  before  the  Eoyal  Society.  In  1733,  a second  volume  of 
these  Essays  was  published,  containing  Hcemastatics,  a7id  Experimeiits 
on  the  Stone  of  the  Kidney  and  Bladder.  Of  these  Essays,  it  will  be 
first  necessary  to  advert  to  the  contents  of  those  relating  to  the  analysis 
of  the  air,  a term,  by  the  way,  which  by  no  means  well  applies  to  the 
researches  they  contain. 

Dr.  Hales  employed  several  methods  of  collecting  and  examining  the 
gaseous  products  of  a variety  of  bodies,  many  of  which  approach  those 
at  present  in  use.  Sometimes  he  placed  substances  upon  a stand,  under 
a bell-glass  inverted  over  water;  or  he  employed  a flask  to  contain  the 
materials  producing  aeriform  matter,  over  which  was  placed  a bell-glass, 
the  whole  being  confined  over  water  as  before.  Or  where  a high  tempe- 
rature was  required  for  the  production  of  the  gaseous  bodies,  he  used  an 
iron  retort  formed  of  a bent  gun-barrel,  and  received  the  air  into  a vessel 
inverted  in  a tub  of  water.  In  the  modification  and  management  of  these 
forms  of  apparatus,  he  displayed  some  ingenuity;  but  it  should  be  remem- 
bered that  he  was  anticipated  in  the  greater  number  of  his  contrivances 
by  Mayow,  as  we  have  already  had  occasion  to  remark. 

In  prosecuting  his  inquiries  by  these  means,  Dr.  Hales  stumbled 
upon  a variety  of  curious  facts  and  observations;  but  having  unluckily 
predetermined  that  the  various  products  formed  were  mere  modifications 
and  contaminations  of  common  air,  he  let  slip  a numerous  series  of  dis- 
coveries once  fairly  within  his  grasp,  and  which  were  afterwards  eagerly 
amassed  and  successfully  reasoned  upon  by  Priestley  and  his  contem- 
poraries. Thus,  Dr.  PIales  observed  that  phosphorus,  when  burned, 
absorbed  air,  and  produced  white  fumes;  but  he  neglected  any  examina- 
tion of  the  product  and  of  the  residue.  He  distilled  air  from  wmod,  and 
found  it  fatal  to  animals;  from  New'castle  coal  he  obtained  one- third  its 
weight  of  gas;  from  nitre,  one  hundred  and  eighty  times  its  bulk;  and 
from  salt  of  tartar  urged  by  an  intense  heat,  he  also  procured  aeriform 
matter;  but  in  no  one  instance  did  he  examine  these  gaseous  products 
with  the  attention  that  might  have  been  expected  from  an  experimentalist 
so  diligent  and  original.  He  found  that  iron  filings  and  oil  of  vitriol 
produced  scarcely  any  air;  but  that,  upon  the  addition  of  water,  gas  was 
abundantly  evolved  from  such  a mixture.  Here  he  obtained  hydrogen, 
but  instead  of  stopping  to  examine  its  properties,  he  hastens  on  to  irrele- 
vant observations,  and  seems  always  eager  rather  to  multiply  experiments 


OF  CHEMICAL  PHILOSOPHY. 


xlix 


than  to  examine  their  result.'?.  Upon  tlie  same  principle,  he  accurately 
details  the  quantity  of  air  generated  by  distilling  hog's  blood,  tallow,  sal 
ammoniac,  oyster-shells,  Indian  wheat,  pease,  mustard-seed,  amber, 
tobacco,  sugar,  bees'  wax,  and  gall-stones;  and  yet,  from  such  numerous 
experiments,  he  scarcely  draws  a single  inference  that  deserves  to  be 
recorded. 

In  his  experiments  on  respiration,  Dr.  Hales  obtained  results  of  such 
interest,  that  one  is  surprised  at  the  coldness  with  which  he  pursued 
them,  and  the  carelessness  with  which  he  drops  the  inquiry.  Finding 
that  a given  portion  of  air  could  only  be  respired  for  a given  time,  and 
that  it  soon  produced  oppression  and  difficulty  of  breathing,  in  conse- 
quence, as  he  says,  “ of  the  gross  and  sulphureous  vapours  Avith  which  it 
becomes  loaded,”  he  endeavoured  to  discover  some  substance  which,  by 
absorbing  those  vapours,  might  render  respired  air  more  fit  for  breathing, 
and  consequently  contribute  to  its  purification  in  small  and  crowded 
rooms,  and  other  similar  situations.  The  apparatus  which  he  used  in 
these  researches  Avas  sufficiently  ingenious ; it  consisted  of  a bag  made  of 
bladder,  Avith  a mouth-piece  so  supplied  with  vah^es  as  to  oblige  the  air 
breathed  into  it  to  traverse  its  whole  length,  before  it  could  return  to  the 
lungs.  He  found  that  he  could  breathe  the  air  contained  in  this  appa- 
ratus to  and  fro,  for  a minute  and  a half;  he  then  Avetted  certain  dia- 
phragms or  partitions  of  flannel  in  the  bag,  Avith  different  liquids,  and 
found  that  he  AAms  thus  enabled  to  respire  the  confined  air  for  rather  a 
longer  time ; but  having  dipped  them  in  a solution  of  highly  calcined 
tartar,  he  found  he  could,  Avithout  much  inconvenience,  continue  the 
breathing  for  eight  minutes  and  a half. 

It  is  probable  that  the  air  Avas  purified  in  this  instance  by  the 
absorption  of  the  carbonic  acid;  or  to  use  Dr.  Hales’  language,  “of  the 
sulphureous  gross  vapors;”  but,  unAvilling  as  he  always  appears  to  folloAV 
up  and  investigate  the  neAv  facts,  he  says,  that  the  effect  was  perhaps 
OAving  to  the  bladder  and  syphon  being  entirely  dry,  or  to  some  unheeded 
passage  for  the  air  through  the  ligatures;  “neither  did  I care  to  ascer- 
tain the  matter  by  repeated  experiments,  fearing  I might  thereby  some 
Avay  injure  my  lungs.”  He  hoAvever  weighed  the  diaphragms,  and  found 
that  they  had  increased  in  Aveight  about  thirty  grains  in  five  minutes, 
making  the  quantity  of  matter  absorbed  by  them  from  the  expired  air, 
amount  to  nineteen  ounces  in  tAventy-four  hours.  In  other  experiments, 
the  author  notices  the  purification  of  air  spoiled  by  the  burning  of  candles 
and  of  brimstone,  by  the  action  of  calcined  tartar;  but  he  takes  no  pains 
to  inquire  into  the  specific  action  of  the  salt,  and  confounds  it  Avitli  that 
of  saline  bodies  generally. 

But  Dr.  Hales’  researches  relating  to  the  motion  of  sap  in  vegetables, 
are  in  a great  measure  free  from  the  objections  Avhicli  may  be  made  to  his 
other  experimental  inquiries,  and  Avere  pursued  upon  a more  regular  and 
digested  plan.  His  first  object  seems  to  have  been  to  ascertain  the 
quantities  of  matter  imbibed  and  perspired  by  plants  and  trees;  for  this 
purpose  he  grew  a sunfioAver  in  soil  contained  in  a tight  box,  and  Avater-^ 
ing  it  Avith  given  Aveights  of  Avater,  he  ascertained  the  quantity  that  it 
daily  lost  by  transpiration  from  the  leaves:  after  stating  the  extent  of 
surface  of  the  leaves,  he  informs  us,  that  its  minimum  of  loss  by  that 
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channel  was  sixteen  onnces,  and  its  maximum  twenty-eight  ounces,  in  a 
day  of  twelve  hours.  To  ascertain  more  particularly  the  influence  of  the 
leaves  upon  the  absorption  of  water  by  the  root,  two  branches,  one  with 
and  one  without  leaves,  were  put  into  separate  glasses,  containing  known 
quantities  of  water.  The  boughs  with  leaves  absorbed  on  an  average 
from  twenty  to  twenty-five  ounces  in  a day,  and  were  lighter  at  night 
than  in  the  morning;  those  without  leaves  imbibed  but  one  ounce,  and 
were  heavier  in  the  evening  than  in  the  morning.  This  experiment  led 
to  the  inference,  that  the  ascent  of  the  sap,  and  the  quantity  of  matter 
absorbed  from  the  soil,  are  much  influenced  by  the  leaves;  “and  accord- 
ingly I observe,”  he  says,  “that  the  leaves  next  adjoining  to  blossoms 
are  in  the  Spring  very  much  expanded,  when  the  other  leaves  on  barren 
shoots  are  but  beginning  to  shoot;  and  that  all  peach-leaves  are  pretty 
large  before  the  blossom  goes  off:  and  that  in  apples  or  pears,  the  leaves 
are  one-third  or  half-grown  before  the  blossom  blows : so  provident  is 
Nature  in  making  timely  provision  for  the  nourishing  of  the  yet  embryo 
fruit.”  A certain  degree  of  dryness  of  air  is  requisite  to  promote  the 
due  transpiration  by  the  leaves,  for  when  too  much  moisture  hovers  about 
the  plant,  it  hinders  the  kindly  action  of  the  leaves,  “ whereby,”  says  Dr, 
Hales,  “ the  stagnating  sap  corrupts  and  breeds  mouldy  fen,  which  often 
spoils  vast  quantities  of  flourishing  hop- grounds.  This  was  the  case  in 
the  year  1723,  when  ten  of  fourteen  days,  almost  continual  rain  fell, 
about  the  latter  half  of  July,  after  four  months’  dry  weather;  upon  which 
the  most  flourishing  and  promising  hops  were  all  infected  with  mould  or 
fen  in  their  leaves  and  fruit,  while  the  then  poor  and  unpromising  hups 
escaped  and  produced  plenty,  because  they  being  small  did  not  perspire 
so  great  a quantity  as  the  others.”  “ This  rain  on  the  then  warm  earth 
made  the  grass  shoot  out  as  fast  as  if  it  were  in  a hot-bed,  and  the  apples 
grew  so  precipitately  that  they  were  of  a very  flashy  constitution,  so  as  to 
rot  more  remarkably  than  has  ever  been  remembered.” 

In  the  course  of  his  experiments  upon  the  transpiration  of  plants,  and 
their  absorbing  powmrs.  Dr.  Hales  endeavoured,  but  ahvays  without 
success,  to  alter  the  flavor  of  their  fruit  by  causing  them  to  imbibe 
various  perfumes.  He  placed  a vessel  upon  a divided  branch  of  a tree, 
so  that  it  might  absord  any  fluid  contained  in  it.  Upon  filling  it  with 
camphorated  spirit  of  wine,  the  whole  branch  of  an  apple  tree  was  killed  ; 
but  though  the  apples  hung  several  weeks  afterwards,  no  alteration  of 
taste  was  perceived  in  them,  though  the  smell  of  camphor  was  strong  in 
the  leaf  stalks,  and  all  other  parts  of  the  dead  branch.  Different  per- 
fumed waters  were  absorbed  by  fruit  trees  without  injuring  them,  but 
they  failed  to  confer  any  peculiar  flavor  on  the  fruit. 

If,  as  Dr.  Hales’  experiments  seemed  to  show,  the  transpiration  of 
plants,  and  the  motion  of  the  sap,  as  well  as  the  absorption  from  the  soil, 
depend  upon  the  leaves,  it  became  an  interesting  question  to  examine 
these  points  in  evergreens;  and  he  found  that  they  absorbed  less  and 
transpired  considerably  less  than  other  trees : hence,  “ the  cedar  of 
Libanus,  and  the  ilex  or  evergreen  oak,  grafted  on  an  English  oak,  and 
on  a larch,  were  verdant  all  the  Winter,  though  the  leaves  of  the  oak  and 
larch  decayed,  and  fell  off  as  usual ; the  fact  being,  that  evergreens  live 
and  thrive  with  very  little  nourishment." 


OF  CHEMICAL  PHILOSOPHY. 


H 


Having  proved  that  trees  transpire  large  quantities  of  matter,  our 
author  next  endeavoured  to  collect  and  examine  it : he  caused  the 
branches  and  leaves  to  be  enclosed  in  flasks  and  retorts;  he  placed  a 
large  sun-flower  under  the  head  of  an  alembic,  and  thus  procured  “ what 
appeared  to  be  pure  water,  very  slightly  tainted  by  vegetable  matter;  it 
seemed  not  to  differ,  though  obtained  from  different  plants.”  After  some 
observations  respecting  the  moisture  and  temperature  of  the  earth.  Dr. 
Hales  proceeds  with  experiments  to  determine  the  force  with  which  trees 
imbibe  moisture,  and  here  he  obtained  some  striking  results.  He  exposed 
the  roots  of  a pear-tree,  and  cut  off  the  end  of  one,  half  an  inch  diameter; 
the  stump  -was  cemented  into  the  upper  end  of  a tube  twenty-six  inches 
long,  filled  with  water,  and  dipping  at  its  lowest  extremity  into  mercury. 
The  root  imbibed  the  water  so  vigorously,  that  in  six  minutes’  time  the 
mercury  rose  eight  inches  in  the  tube.  This  experiment  was  made  in 
August.  Another  experiment,  similarly  contrived,  in  which  a large  branch 
of  the  root  of  an  apple-tree  was  used,  the  diameter  of  its  transverse  section 
being  three-fourths  of  an  inch,  caused  the  mercury  to  ascend  five  inches 
in  half  an  hour.  The  oozing  of  air-bubbles  from  the  cut  surface  inter- 
fered with  the  rise  of  the  fluid  in  these  tubes,  but  it  was  observed*  that 
the  mercury  rose  highest  wdien  the  sun  was  clear  and  warm  ; toAvards 
evening  it  subsided  three  or  four  inches,  and  rose  again  the  next  day. 
It  also  subsided  during  rain.  This  experiment  was  made  in  May. 
AVhen  we  consider,  says  Dr.  Hales,  that  the  power  thus  required  to  raise 
mercury  tAvelve  inches,  Avould  raise  water  thirteen  feet  eight  inches,  Ave 
may  form  some  idea  of  the  poAver  exerted  by  the  growing  vegetable. 

Dr,  Hales  Avas  one  of  the  first  Avho  noticed  the  influence  of  cutting  a 
ring  of  bark  off  the  branch  of  a tree,  (or  ringings  as  it  is  noAV  technically 
called,)  upon  the  groAvth  of  its  fruit  and  leaves;  but  instead  of  attributing 
its  effect  to  an  accumulation  of  sap,  the  juice  being  prevented  floAving 
downAvards  in  the  vessels  of  the  bark,  he  refers  it  to  a less  quantity  of 
sap  arising,  “ Avhence  it  is  better  digested  and  prepared  for  the  nourish- 
ment of  the  fruit;”  he  combats  the  notion  of  the  sap  circulating  in  trees, 
and  imagines  that  it  is  often  progressive  at  one  time,  and  retrograde  in 
another,  in  the  same  vessels. 

Dr.  Hales  concludes  his  Vegetable  Statics,  with  an  account  of  some 
experiments  to  prove  that  a considerable  quantity  of  air  is  inspired  by 
plants,  and  Avith  some  observations  on  the  growth  of  seeds  and  vegetables 
generally.  By  cementing  a branch  Avith  its  leaves,  into  a glass  tube 
dipped  into  AA*ater,  he  observed  the  liquid  rise  in  the  tube,  in  consequence 
of  the  absorption  of  the  confined  air ; and  on  putting  a piece  of  the  stem 
of  a birch-tree  under  the  receiver  of  an  air-pump,  he  extracted  abundance 
of  air-bubbles  from  it  during  the  exhaustion.  He  refers  the  first  groAvth 
of  a seed  to  the  absorption  of  moisture,  Avhich  SAvells  it,  and,  as  he  thinks, 
protrudes  nourishment  into  the  radicle,  Avhich  soon  becomes  capable  of 
absorbing  moisture  from  the  soil ; the  root,  he  says,  by  expanding,  carries 
the  seed-lobes  upAvards  Avith  the  plume,  Avhere  they  expand  into  leaves, 
Avhich  are  of  such  importance  to  the  tender  plume,  that  it  perishes  on 
their  removal ; Avhich  renders  it  probable  that  they  do  the  same  office  to 
the  plume,  that  the  leaves  adjoining  to  apples,  quinces,  and  other  fruits 
do  to  them,  namely,  draAv  the  sap  Avithin  reach  of  their  attraction.  As 
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the  tree  advances  in  stature  the  different  lateral  branches  shoot  out, 

‘‘  each  lower  order  being  longer  than  those  immediately  above  them,  not 
only  on  account  of  primogeniture,  but  also  because,  being  inserted  in 
larger  parts  of  the  trunk,  and  nearer  the  root,  they  have  the  advantage  of 
being  served  with  greater  plenty  of  sap;  hence  arises  the  beautiful  para- 
bolical figure  of  trees.  But  when  trees  stand  thick  together  in  woods  or 
groves,  this  their  natural  shape  is  altered,  because  the  lower  lateral 
branches  being  shaded,  they  can  transpire  little,  and  therefore,  drawing 
little  nourishment,  they  perish;  but  the  top  branches  being  exposed  to  a 
free  drying  air,  they  transpire  plentifully,  and  thereby  drawing  the  sap  to 
the  top,  they  advance  much  in  height ; but  if,  when  such  a grove  of  tall 
trees  is  cut  down,  there  be  left  here  and  there  a single  tree,  that  tree  will 
then  shoot  out  lateral  branches;  the  leaves  of  which  branches  now  tran- 
spiring freely,  will  attract  plenty  of  sap,  on  which  account  the  top,  being 
deprived  of  its  nourishment,  usually  dies."’ 

Such  are  the  leading  objects  of  inquiry  which  engaged  the  attention 
of  Dr.  Hales;  and,  if  we  consider  the  little  progress  that  had  been  pre- 
viously made  in  pneumatic  chemistry,  we  must  allow  that  he  much  pro- 
moted that  department  of  research:  in  his  inquiries  into  the  functions  of 
vegetables  he  was  at  once  original  and  acute,  and  laid  the  foundation  of  a 
very  useful  and  curious  series  of  investigations,  which  Duiiamp:l,  Andrew 
Knight,  and  others,  have  pursued  with  so  much  success.  Hales  entered 
into  some  collateral  branches  of  investigation,  the  results  of  which  are 
given  in  the  Philosophical  Transactions^  and  are  collected  in  the  second 
volume  of  his  Essays;  but  they  are  not  of  such  importance  as  to  form  any 
prominent  feature  in  a general  history  of  his  discoveries. 

When  it  is  recollected  that  Hales  wrote  at  the  commencement  of  the 
last  century,  that  there  were  then  very  few  models  of  scientific  composi- 
tion extant  that  were  worth  copying,  and  that  a pompous  and  obscure 
style  of  writing  was  prevalent  among  his  experimental  contemporaries, 
we  cannot  but  admire  the  perspicuous  and  unadorned  manner  in  Avhich  he 
details  his  facts  and  observations:  he  has  all  the  merit  that  in  this  respect 
belongs  to  Boyle,  Avithout  his  diffusiveness;  and  a pleasing  vein  of  sound 
and  unaffected  morality  accompanies  his  argument,  and  leads  him,  Avhilst 
endeavouring  to  unveil  the  mysteries  of  Nature,  to  direct  our  attention, 
with  becoming  modesty,  to  the  penury  of  man’s  Avisdom,  Avhen  compared 
Avith  the  admirable  adjustment  of  causes  and  effects  discoverable  in  her 
lowliest  works. 

Contemporary  Avith  Hales  Avas  the  celebrated  Hermann  Boerhaave 
of  Leyden,  a man  Avho  laid  medicine  and  chemistry  under  deep  obligations; 
the  foimei,  by  his  successful  practice,  and  happy  method  of  instruction;  the 
latter,  by  diligently  experimenting  in  some  of  its  most  difficult  depart- 
ments. “ He  prosecuted  chemistry,”  says  Dr.  Johnson,  “ Avith  all  the 
ardour  of  a philosopher  Avhose  industry  Avas  not  to  be  Avearied,  and  Avhose 
love  of  truth  Avas  too  strong  to  suffer  him  to  acquiesce  in  the  report  of 
otheis.  Boerhaave  s original  chemical  investigations  Avere  nearly  of 
the  same  nature  as  those  of  Hales  : he  experimented  upon  the  gaseous 
products  afforded  by  a variety  of  vegetable  and  animal  substances ; he 
attributed  the  elasticity  of  air  to  its  union  Avith  fire,  and  considered  its 
ponderable  matter  as  susceptible  of  chemical  combinations.  In  disclosing 
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tliese  views,  he  lias  certainly  sketched  an  outline  of  one  of  the  modern 
theories  of  combustion ; but  he  went  no  further,  and  was  not  more  suc- 
cessful than  Hales,  in  discriminating  between  common  air,  and  the  various 
gaseous  products  that  resulted  from  some  of  his  experiments.  His 
writings  are  enumerated  in  chronological  order  in  the  masterly  sketch 
of  his  life,  written  by  Dr.  Johnson;  “ they  have,”  says  his  biographer, 
“ made  all  encomiums  useless  and  vain,  since  no  man  can  attentively 
peruse  them,  without  admiring  the  abilities,  and  reverencing  the  virtues, 
of  the  author.”  His  only  chemical  work,  entitled  Elernenta  Chemicc^  was 
first  published  in  1732.  It  contains  an  useful  essay  on  the  History  of 
the  Science*. 


§ IX. 

The  names  of  Black  and  Bergman,  with  a host  of  others,  either  for- 
gotten, or  eclipsed  by  those  eminent  philosophers,  occur  in  the  division 
of  our  history  at  which  we  have  now  arrived,  and  Avhich  embraces  its 
progress  in  the  interval  betAveen  the  researches  of  Hales,  and  those  of 
Priestley.  Chemistry  noAv  assumed  a more  important  and  interesting 
aspect:  the  facts  already  collected  began  to  be  digested  and  arranged,  and 
active  measures  were  taken  to  embody  the  scattered  materials  that  pre- 
sented themselves;  to  ascertain  their  relative  value;  to  reject  those  which 
AA^ere  unimportant  or  useless ; and  to  select  such  as  deserved  to  be  dignified 
Avith  the  title  of  standard  authorities.  Dr.  Black’s  researches  possess  a 
two-fold  interest,  for  he  not  merely  made  important  contributions  to  the 
facts  of  the  science,  but  also  established  a ncAV  theory,  connected  Avitli 
one  of  the  most  intricate  of  its  subjects,  heat. 

Dr.  Joseph  Black  Avas  sprung  from  a Scottish  family,  transplanted 
first  to  Ireland,  and  then  to  France,  Avhere  he  Avas  born  in  1728,  on  the 
banks  of  the  Garonne.  When  tAvelve  years  of  age,  he  Avas  sent  for 


* Boerhaave  Avas  born  in  December, 
1668,  at  a village  near  Leyden.  He  died 
in  September,  1738.  He  Avas  an  emi- 
nent ornament  of  medicine,  as  well  as  of 
chemical  science.  His  oration  upon  rer 
signing  the  office  of  Governor  of  the 
University  of  Leyden  lias  been  justly 
eulogized  by  Johnson.  {Life  of  Boer- 
haave.') ‘Hie  here  declares  in  the  strong- 
est terms  (says  his  eloquent  biographer) 
in  favour  of  experimental  knowledge,  and 
reflects  Avith  just  severity  upon  those 
arrogant  philosophers,  who  are  too  easily 
disgusted  with  the  slow  methods  of  ob- 
taining true  notions  by  frequent  experi- 
ments, and  Avho,  possessed  Avith  too  high 
an  opinion  of  their  own  abilities,  rather 
choose  to  consult  their  own  imaginations 
than  inquire  into  nature,  and  are  better 
pleased  with  the  charming  amusement 
of  forming  hypotheses  than  the  toilsome 
drudgery  of  making  observations. 

“ The  emptiness  and  uncertainty  of 
all  those  systems,  Avhether  venerable  for 


their  antiquity,  or  agreeable  for  their 
novelty,  he  has  evidently  shown ; and 
not  only  declared,  but  proved,  that  Ave 
are  entirely  ignorant  of  the  principles  of 
things,  and  that  all  the  knoAvledge  Ave 
have  is  of  such  qualities  alone  as  are 
discoverable  by  experience,  or  such  as 
may  be  deduced  from  them  by  mathe- 
matical demonstration.” 

Boerhaave’s  contributions  to  physic 
were  large  and  valuable.  His  Elernenta 
ChemicB^  of  Avhich  a good  translation, 
Avith  notes,  Avas  edited  in  1/53  by  Dr. 
ShaAv,  he  dedicated  to  his  brother,  avIio 
Avas  intended  for  the  medical  profession, 
but  Avent  into  the  church ; AA'hile  Boer- 
haave, Avho  originally  studied  divinity, 
relinquished  it  for  physic  and  chemistry. 
Alluding  to  this  circumstance,  “Provi- 
dence,” says  he,  “has  changed  our  vioAA's, 
and  consigned  you  to  religious  duties, 
Avhile  I,  Avliose  talents  Avere  unequal  to 
higher  objects,  am  humbly  content  with 
the  profession  of  physic.” 
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education,  to  Belfast,  and  afterwards  to  tlie  Uniyerslty  of  Glasgow,  where 
he  entered  upon  the  study  of  Physic,  under  the  guidance  of  that  bright 
ornament  of  medical  science,  Dr.  AVilliam  Cullen.  In  17^0,  he  re- 
moved to  Edinburgh;  four  years  afterwards,  he  took  the  degree  of  Doctor 
of  Physic  ; and,  in  1756,  published  his  Experiments  on  Magnesia,  Quick- 
lime, and  some  other  alkaline  substances,  in  the  Physical  and  Literary 
Essays.  In  the  same  year,  Cullen  having  removed  to  Edinburgh, 
Black  returned  to  Glasgow,  to  fill  the  medical  and  chemical  chair  of  that 
University,  where  he  was  received  with  open  arms  both  by  the  classes  and 
professors.  In  17fi4,  he  brought  his  ideas  respecting  the  combinations  of 
heat  with  ponderable  matter,  to  maturity.  Speculations  upon  this  subject 
had  occupied  his  [mind  during  a considerable  period,  but  the  difficulties 
of  the  inquiry,  and  the  time  necessarily  consumed  in  other  professional 
avocations,  had  considerably  interfered  with  the  pursuit.  In  17^6,  he 
was  appointed  to  the  chemical  chair  of  Edinburgh,  an  office  which  he 
filled  with  such  latent,  industry,  and  perseverance,  as  not  only  drew  an 
immense  concourse  of  hearers  to  his  class,  but  tended  to  confer  upon 
chemistry  a degree  of  popularity  and  importance,  which  has  been  greatly 
conducive  to  its  promotion  and  extension.  “ His  discourse,"  says  his 
biographer.  Professor  Robison,  ‘‘  was  so  plain  and  perspicuous,  his  illus- 
trations by  experiment  so  apposite,  that  his  sentiments  on  any  subject 
never  could  be  mistaken;  and  his  instructions  were  so  clear  of  all  hypo- 
thesis or  conjecture,  that  the  hearer  rested  on  his  conclusions  with  a con- 
fidence scarcely  exceeded  in  matters  of  his  own  experience^'.”  In  short, 
Dr.  Black,  in  his  professorial  capacity,  was  entitled  to  every  praise,  and 
he  contributed  most  essentially  to  the  foundation  and  increase  of  the 
reputation  which  the  University  of  Edinburgh  has  acquired  and  main- 
tained. Nor  was  his  private  character  at  variance  with  his  public  excel- 
lence ; he  was  mild,  amiable,  and  fond  of  conversation,  whether  serious 
or  sportive;  and  united,  to  the  highest  philosophical  attainments,  most  of 
the  elegant  accomplishments  of  life.  In  his  advanced  age  he  often  ex- 
pressed a hope  that  he  might  not  linger  in  protracted  sickness,  on  account 
of  the  distress  which,  in  such  cases,  is  suffered  by  attending  friends;  and 


* Dr.  Black’s  character  as  a lecturer 
is  given  by  his  friend  Professor  Robison 
in  the  following  terms  : — “ Pie  endea- 
voured every  year  to  render  his  courses 
more  plain  and  familiar,  and  to  illustrate 
them  by  a greater  variety  of  examples 
in  the  way  of  experiments.  No  man 
could  perform  these  more  neatly  and 
successfully.  They  were  always  inge- 
niously and  judiciously  contrived,  clearly 
establishing  the  point  in  view,  and  never 
more  than  sufficed  for  this  purjDose. 
AVhile  lie  scorned  the  quackery  of  a 
showman,  the  simplicity,  neatness,  and 
elegance  with  which  they  were  per- 
formed, were  truly  admirable.  Indeed, 
the  simplex  munditiis  stamped  every- 
thing that  he  did.  I think  it  was  the 
unperceived  operation  of  this  impression 


that  made  Dr.  Black’s  lectures  such  a 
treat  to  all  his  scholars.  They  were  not 
only  instructed,  but  (they  knew  not 
how)  delighted;  and  without  any  effort 
to  please,  but  solely  by  the  natural 
emanation  of  a gentle  and  elegant  mind, 
co-operating  indeed  with  a most  per- 
spicuous exhibition  of  his  sentiments. 
Dr.  Black  became  a favourite  lecturer  ; 
and  many  Avere  induced,  by  the  report 
of  his  students,  to  attend  his  courses, 
without  having  any  23articular  relish  for 
chemical  knowledge,  but  merely  in 
order  to  be  pleased.  This,  however, 
contributed  greatly  to  the  extending  the 
knowledge  of  Chemistry,  and  it  became 
a fashionable  part  of  the  accomplish- 
ments of  a gentleman.” — Preface,  p. 
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his  death,  which  happened  in  his  seventy-first  year,  in  November,  1799, 
is  on  this  account  the  more  remarkable.  He  was  taking  some  milk  and 
Avater,  and  having  the  cup  in  his  hand,  Avhen  the  last  stroke  of  his  pulse 
Avas  to  be  given,  had  set  it  upon  his  knee,  and  in  this  attitude  expired 
Avithout  the  smallest  agitation. 

The  Avritings  of  Black,  - though  few,  are  masterpieces  of  scientific 
composition.  NeAvton  Avas  his  model,  and  he  AA'as  the  first  Avho  trans- 
ferred into  chemistry  the  severe  system  of  inductive  logic,  Avhich  marks 
the  productions  of  that  great  master.  “ In  no  scientific  inquiries,  since 
the  date  of  the  Principia  and  Optics^  do  Ave  find  so  great  a proportion  of 
pure  ratiocination,  founded  upon  the  description  of  common  facts,  but 
leading  to  the  most  unexpected  and  important  results,  as  in  the  two  grand 
systems  of  Black,”  Averse  to  all  hypothesis,  and  aAA^are  of  the  multi- 
tudinous facts  upon  Avhicli  a theory,  that  is  to  stand  firm,  must  be  founded. 
Dr.  Black  Avas  unAvarrantably  sIoav  in  the  formal  public  disclosure  of  his 
researches.  His  tenets  Avere  fully  and  freely  delivered  to  his  pupils;  but 
he  rarely  intruded  ujAon  the  public  as  an  author;  and  his  achievements  in 
the  philosophy  of  heat  are  chiefly  deA'eloped  in  his  posthumous  Avorks. 
This  silence,  arising  out  of  an  overcautious  modesty  Avhich  marked  all 
his  proceedings,  Avas  not  favorable  to  the  rejjutation  of  Dr.  Black. 
Faulty  and  incomplete  copies  of  his  lectures  Avere  circulated  among  his 
friends  and  admirers,  AAhich  after Avards  reached  the  hands  of  those  Avho  de- 
sei'A^ed  another  name,  and  by  Avhom  they  Avere  not  very  honorably  employed. 

When  Black  first  entered  the  precincts  of  chemistry,  there  Avas  a 
busy  and  acute  controversy  respecting  the  cause  of  causticity  in  earths 
and  alkalis;  it  Avas  supposed  by  Stahl  that  the  conA^ersion  of  limestone 
into  quicklime  depended  upon  its  absorbing  certain  igneous  particles;  by 
Macquer*,  Meyer'!’,  and  others,  the  change  AA^as  referred  to  an  acrid 


* Macquer  was  born  at  Paris  in  1718, 
and  died  in  1784.  He  ranks  among  the 
most  eminent  scientific  chemists  of  the 
early  part  of  the  eighteenth  century ; 
and  though  involA^ed  in  the  errors  of 
the  Phlogistic  school,  he  has  written 
with  much  good  sense  and  perspicuity, 
on  a variety  of  chemical  subjects.  His 
most  celebrated  Avorks  are,  the  Elemens 
de  Chimie  Theorique,  Paris,  1749;  and 
Elemens  de  Chimie  Pratique,  Paris,  1751. 
He  also  published  a Chemical  Dic- 
tionary. P’he  folloAving  is  all  his  infor- 
mation respecting  the  property  possessed 
by  quicklime  of  rendering  the  alkalis 
caustic.  After  describing  the  process, 
he  observes,  ^‘Le  but  de  cette  operation, 
est  de  reunir  avec  le  sel  alcali  fixe  ce 
que  la  chaux  a de  salin  et  d’acre.” — 
On  le  combine  aAmc  la  parti e la  plus 
acre,  la  plus  subtile,  et  la  plus  saline  de 
la  chaux.  ” — ‘‘  N ous  n’entreju’endrons 
point  ici  d’expliquer  pourquoi  le  sel 
alcali,  que  I’ou  combine  avec  la  chaux, 
acquiert  une  si  grande  causticite.  Cette 
question  nous  paroit  une  des  plus  dtlicates 
et  des  plus  difficiles  a resoudre  que  nous 


offre  la  Chimie.  Elle  tient  a celle  des 
proprietes  alcalines  de  la  chaux,  et  on 
ne  pent  gueres  esperer  de  la  resoudre, 
que  quand  on  aura  acquis  sur  la  nature 
de  cette  substance,  beaucoup  plus  de 
lumieres  que  nous  n’en  aAmns  a present.” 
— Elemens  de  Chimie  Pratique,  pp.  179, 
180. 

t J.  F.  Meyeu’s  Chemische  versuche 
zur  n’dhern  erkenntniss  des  ungeloschten 
kalks ; der  elastischen  und  electrischen 
Materie,  des  allerreinsten  feuerwesens, 
und  der  ursprunglichen  allgemeinen  s'dure. 
Hanover,  1764.  In  this  dissertation, 
though  published  subsequently  to  Black’s 
essay,  the  causticity  of  the  alkalis  and 
lime  is  referred  to  the  absorption  of  a 
principle  Avhich  the  author  calls  Caiis- 
ticum,  or  Acidum  pingue.  BetAveen  the 
years  1760  and  1772,  a great  variety  of 
dissertations  were  published  in  Germany 
upon  this  question,  some  in  support  of 
Black’s  doctrines,  others  in  favor  of 
JNleyer’s  hypothetical  absurdities.  See 
G rex’s  Systematisches  Handbuch  der 
Gesammten  Chemie.  Halle,  1794.  § 437* 
— Observ.  Phys.  Chem.y  1722. 
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acid,  contracted  in  tlie  fire  ; by  others,  to  nondescript  saline  particles. 
Dr.  Black’s  notice  appears  to  have  been  drawn  to  this  inquiry,  by  the 
researches  of  Hoffman*  concerning  the  nature  of  magnesia : he  found 
that  when  that  earth  was  obtained  by  adding  a mild  alkali  to  solution  of 
Epsom  salt,  it  effervesced  upon  the  addition  of  an  acid ; but  that  if 
lieated  red-hot,  it  no  longer  effervesced,  and  moreover  lost  considerably 
in  weight.  The  same  fact  applied  equally  to  lime,  and  led  him  to 
believe,  that  that  substance,  instead  of  acquiring  its  acrimony  by  the 
absorption  of  something  from  the  fire,  became  caustic  by  the  loss  or 
expulsion  of  one  of  its  elements,  in  consequence  of  being  heated.  He 
then  distilled  some  magnesia  in  a retort;  but  finding  that,  though  it 
diminished  considerably  in  weight,  the  only  visible  loss  it  sustained  was 
a minute  portion  of  water,  he  conceived  the  possibility  of  the  escape  of 
some  gaseous  matter;  and,  on  mixing  common  magnesia  and  an  acid  in 
a proper  phial,  he  collected  a considerable  quantity  of  a permanently 
elastic  gaseous  body : from  chalk  or  limestone,  and  from  the  mild  alkalis, 
he  procured  a similar  gas,  and  he  termed  it  fixed  air. 

In  17fj4,  Dr.  Macbride,  of  Dublin,  verified  and  extended  these 
researches ; he  found  that  quicklime,  after  having  been  exposed  to  air, 
acquired  the  property  of  effervescing,  and,  consequently,  fixed  air  must 
exist  in  the  atmospheref.  He  also  explained  the  agency  of  lime  as  a 
manure,  and  introduced  some  important  improvements  into  the  art  of 
tanning. 

In  1765,  Dr.  Brownrigg  threw  out  some  curious  hints  upon  the 
same  subject:  in  a communication  to  the  Royal  Society,  printed  in  the 
Transactions  for  that  year,  he  remarks,  that  a more  intimate  acquaint- 
ance with  those  noxious  airs  in  mines,  called  daynjos^  might  lead  to  a 
discovery  of  that  subtle  principle  of  mineral  waters,  known  by  the  name 
of  their  spirit;  that  the  mephitic  exhalations,  termed  choah-damp.,  he 
had  found  to  be  a fluid  permanently  elastic;  and  that,  from  various 
experiments,  he  had  reason  to  conclude  that  it  entered  the  waters  of 
Pyrmont,  Spa,  and  others,  imparting  to  them  that  pungent  taste,  whence 
they  are  called  acidnlcB^  and  likewise  that  volatile  principle  on  wdiicli 
their  \irtues  chiefly  depend;”  and  in  1760,  Mr.  Lane  remarked  the 
solubility  of  iron  in  water  impregnated  with  fixed  air. 

I shall  again  have  occasion  to  revert  to  the  nature  and  properties  of 
fixed  ah\  which  engaged  much  of  the  attention  of  Priestlea^,  Lavoisier, 
cand  other  celebrated  men,  whose  labors  are  yet  to  be  noticed,  conse- 
quently we  may  proceed  to  Black’s  researches  on  the  subject  of  heat, 
researches  which  are  more  exclusively  his  own,  and  in  which  he  has  dis- 


* Hotfinan  was  the  most  celebrated 
Chemical  Pliysician  of  the  age.  He  was 
born  at  Halle  in  Saxony,  in  IGCO,  and 
died  in  1742.  His  writings,  which  are 
voluminous,  are  also  valuable.  In  1749, 
they  were  eked  out  hy  the  Genevese 
booksellers,  into  nine  folio  volumes.  The 
following  are  his  leading  Essays  in  Che- 
mistry : Dissertaiioties  de  Generatione 
Salium ; De  JVatiira  Nitri ; De  Cinna- 
bare  Aniimonii ; De  mirahili  Sulphuris 


Antimonii  fidcati  efficacia ; De  Mercurio 
et  Medicamentis  Mercurialihiis.  Ohserva- 
tionum,  Physico-Chemicarum  Collectio. 

f INIacbride’s  Experimental  Essays, 
1764.  The  merit  of  this  performance 
induced  the  University  of  Glasgow  to 
bestow  the  degree  of  Doctor  of  Physic 
on  the  author.  He  was  born  in  the 
county  of  Antrim  in  1726,  and  died  in 
1778. 
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played  tliat  acuteness  and  onglnallty  Avliicli  have  given  his  name  so  high 
a rank  in  the  annals  of  chemical  science. 

In  speaking  of  the  experiments  of  Boyle,  and  of  the  investigations 
of  the  Florentine  Academicians,  two  curious  circumstances  respecting  the 
temperature  of  thawing  ice  and  boiling  water  were  noticed.  It  was 
stated  that  ice,  during  its  licpifaction,  retained  an  uniform  temperature 
of  32°  ; and  that  water,  during  its  ordinary  ebullition,  never  became 
hotter  than  212°;  hence  the  use  of  those  fixed  points  in  the  graduation 
of  thermometers.  AVe  have  now  to  examine  the  views  which  these 
phenomena  suggested  to  Dr.  Black,  and  the  results  that  followed  his 
inquiries  into  their  causes  and  effects. 

If  a vessel  of  ice,  of  any  very  Ioav  temperature,  be  brought  into  a 
warm  room,  or  placed  near  the  fire,  or  over  a small  steadily  burning 
lamp,  a thermometer  placed  in  it  will  gradually  rise  to  32°  in  the  contact 
of  the  ice,  and  not  higher,  until  the  whole  is  melted.  Then  the  tem- 
perature of  the  ice-cold  water  will  begin  to  rise,  and  if  the  lamp  be 
continued  under  the  vessel,  it  will  go  on  rising  till  it  attains  the  tem- 
perature of  212°,  when  it  again  becomes  stationary,  and  remains  so 
during  the  whole  evaporation.  It  follows,  therefore,  that  heat  is  concerned 
in  producing  two  series  of  changes  : That  its  first  effect  is  to  thaw  the 
ice  without  elevating  the  temperature ; and  that  it  then  raises  the  ther- 
mometer till  ebullition  takes  place,  after  which,  it  converts  the  water  into 
vapor,  without  elevating  either  its  temperature,  or  that  of  the  vapor. 
Hence  the  following  particular  heads  of  inquiry  suggested  themselves  : 
1.  As  to  the  absorption  of  heat  during  the  conversion  of  solids  into 
liquids,  and  of  liquids  into  vapors.  2.  As  to  the  evolution  of  heat  during 
the  converse  changes ; namely,  the  condensation  of  vapors,  and  congela- 
tion of  liquids.  3.  As  to  the  quantity  of  thermometric  heat  absorbed  and 
evolved  in  these  different  cases. 

The  disappearance  of  thermometric,  or  sensible  heat,  alluded  to  in 
thawing  ice,  takes  place  in  all  corresponding  cases  of  liquifaction ; con- 
sequently, if  a cold  solid  be  mixed  with  a given  weight  of  the  same 
substance  hot,  and  in  a liquid  state,  the  resulting  temperature  will  not  be 
the  mean,  as  would  have  been  the  case  if  both  portions  had  been  in  the 
liquid  state,  but  will  be  considerably  below  it,  a portion  of  the  heat  of 
the  hotter  body  having  been,  as  it  were,  consumed  in  liquifying  the  solid, 
without  affecting  its  temperature.  Thus,  equal  parts  of  water  at  212° 
and  at  32°,  give,  on  mixture,  the  mean  temperature  of  122°.  But  equal 
parts  of  water  at  212°,  and  of  snow  at  32°,  give,  upon  mixture,  a tem- 
perature of  52°  only,  the  excess  of  heat  in  this  instance  being  concerned 
ill  liquifaction^  not  in  elevation  of  temperature.  Dr.  Black  considered 
the  lost  heat  as  equivalent  to  about  140°  in  the  case  of  the  liquifaction 
of  ice;  and  among  his  experiments  illustrative  of  this  subject,  the 
following  may  be  selected  as  most  relevant  and  simple  : — Two  similar 
globular  glass  vessels  were  filled  with  water,  wdiicli  in  one,  was  afterwards 
frozen ; and  in  the  other,  cooled  as  nearly  as  possible  to  the  same  point; 
they  were  then  carried  into  a room  of  a temperature  of  47°,  there  being 
no  other  difierence  between  them,  than  that  the  one  contained  ice,  and 
the  other  water.  In  half  an  hour  the  vessel  of  water  had  acquired  the 
temperature  of  40°;  but  in  the  other  it  required  ten  hours  and  a half 
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to  melt  the  ice,  and  raise  the  water  to  40^.  Now,  as  the  access  of  heat 
was  the  same  in  both  cases,  and  as  this  was  at  tlie  rate  of  7°  in  half  an 
hour,  it  follows  that  in  twenty- one  half  hours,  (the  time  required  to 
thaAV  the  ice  and  elevate  the  temperature  of  the  Avater  to  40°,)  it  Avould 
have  received  7 X 21  147°.  The  difference,  therefore,  between  the 

increase  of  temperature  in  the  ice  and  Avater  vessels,  Avith  equal  accessions 
of  heat,  is  140°,  Avhich  Avill  express  the  quantity  of  sensible  heat  rendered 
latent  by  the  operation  of  liquifaction. 

As  heat  is  thus  required  to  convert  solids  into  liquids,  it  folloAvs,  that 
in  cases  of  sudden  liquifaction  cold  Avill  ensue ; hence  its  production 
during  the  solution -of  many  saline  bodies  ; and  hence,  too,  the  explication 
of  the  theory  of  freezing  mixtures.  And  as  liquifaction  is  a cooling 
process,  so  congelation  is  a process  in  Avhich  heat  is  evolved.  The 
freezing  of  large  masses  of  Avater  is  actually  a heating  process  to  the 
circumjacent  air.  In  the  sudden  crystallization  of  some  saline  solutions 
heat  is  evolved ; and  Avater,  under  certain  circumstances,  cooled  to  eight 
or  ten  degrees  beloAV  its  freezing  point,  suddenly  rises  to  32°  upon 
congelation. 

Having  thus  perspicuously  disposed  of  the  theory  of  congelation 
and  liquifaction,  Dr.  Black  turned  his  observation  to  the  phenomena 
attendant  on  the  formation  of  Ampor,  and  there  he  Avas  equally  happy  in 
his  inquiries^. 

When  Avater  is  made  to  boil,  the  steam  Avhich  rises  from  it  is  not 
hotter  than  the  Avater  itself,  although  there  be  a continuous  influx  of  heat, 
which  therefore  must  become  latent  in  the  steam ; and  consequently  steam, 
and  other  vapors,  may  be  regarded  as  compounds  of  liquids  and  heat. 

To  ascertain  the  thermometrical  expression  of  the  latent  heat  of 


* When  Ave  heat  a large  quantity  of 
a fluid  in  a A^essel,  in  the  ordinary  man- 
ner, by  setting  it  on  a fire,  Ave  have  an 
opportunity  of  observing  some  other 
phenomena  which  are  very  instructive. 
The  fluid  is  gradually  heated,  and  at  last 
attains  that  temperature  Avhich  it  cannot 
pass  Avithout  putting  on  the  form  of  An- 
por.  In  these  circumstances,  Ave  always 
observe  that  it  is  throAvn  into  the  violent 
agitation  Avliich  we  call  boiling.  This 
agitation  continues  as  long  as  Ave  throAv 
in  more  lieat,  or  any  of  the  fluid  remains, 
and  its  violence  is  propoidional  to  the 
celerity  Avith  which  the  heat  is  sup- 
plied. Anotlier  peculiarity  attends  this 
boiling  of  fluids,  Avhich,  when  first  ob- 
served, Avas  thought  very  surprising. 
However  long  and  violently  Ave  boil  a 
fluid,  Ave  cannot  make  it  in  the  least 
hotter  than  Avhen  it  began  to  boil.  Tlie 
thermometer  ahvays  points  at  the  same 
degree,  namely,  the  vaporific  point  of 
that  fluid.  Hence  the  vaporific  point  of 
fluids  is  often  called  their  boiling  point. 
When  these  facts  and  appearances  Avere 
first  observed,  they  seemed  surprising, 


and  different  opinions  Avere  formed  with 
respect  to  the  causes  upon  Avhich  they 
depend.  Some  thought  that  this  agita- 
tion Avas  occasioned  by  that  part  of  the 
heat,  Avhich  Avas  more  than  the  Avater 
Avas  capable  of  receiving,  and  Avhich 
forced  its  Avay  through,  so  as  to  occasion 
the  agitation  of  boiling;  others,  again, 
imagined  that  the  agitation  proceeded 
from  air,  Avhich  Avater  is  known  to  con- 
tain, and  Avhich  is  noAv  expelled  by  the 
heat.  Neither  of  these  accounts,  Iioaa"- 
ever,  is  just  or  satisfactory;  the  first  is 
repugnant  to  all  our  experience  in  re- 
gard to  heat : Ave  have  neA^er  observed 
it  in  the  form  of  an  expansive  fluid  like 
air;  it  perA'ades  all  bodies,  and  cannot 
be  confined  by  any  A^essel,  or  any  sort  of 
matter;  Avhereas,  the  elastic  matter  of 
boiling  Avater,  can  be  confined  by  exter- 
nal pressure,  as  is  eAudent  in  the  experi- 
ments made  Avith  Papin’s  digester.” 

This  quotation  from  Black’s  Lectures 
(vol.  i.,  p.  153)  is  inserted  to  show  the 
state  of  the  argument  respecting  the 
phenomena  of  ebullition  previous  to  his 
researches. 
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steam,  Dr.  Black  proceeded  thus ; The  time  required  to  elevate  a quan- 
tity of  water  to  its  boiling-point  was  carefully  noted ; the  same  heat  was 
then  continued  till  the  whole  had  evaporated,  and  the  time  required  also 
noted.  Thus,  supposing  the  accession  of  heat  to  have  gone  on  above  212°, 
in  the  same  ratio  as  below  it,  the  temperature  that  the  water  would  have 
acquired  was  estimated,  whence  it  was  inferred  that  the  loss  of  sensible 
or  thermometric  heat  amounted  to  more  than  800°. 

The  vast  evolution  of  heat  during  the  condensation  of  steam  now 
admitted  of  an  explanation ; and,  on  estimating  the  latent  heat  of  steam, 
by  condensing  a given  quantity  in  a given  weight  of  water,  it  appeared  to 
amount  to  between  900°  and  1000°. 

About  the  year  1774  it  was  observed  by  Cullen^  that  a thermo- 
meter, moistened  with  spirit  of  wine  or  ether,  sinks  many  degrees  during 
the  evaporation  of  those  fluids  : with  ether,  the  thermometer  may  be 
made  to  fall  from  60°  to  0°,  The  cause  of  this  is  sufficiently  explained 
by  Black’s  theory ; the  ether  and  spirit  readily  pass  into  vapor,  which 
requires  a certain  quantity  of  heat  for  its  production : this  is  taken  from 
the  bodies  it  happens  to  be  in  contact  with,  as  from  the  thermometer,  or 
the  hand;  hence  the  cold  perceived  when  these  fluids  are  applied  to  the 
body,  and  the  advantage  which  results  from  their  application  in  cases  of 
burns  and  inflammations.  These  circumstances  led  Cullen  to  accelerate 
the  evaporation  of  these  fluids,  by  exposing  them  under  the  receiver  of 
the  air-pump:  by  placing  a flask  half  full  of  ether  in  a tumbler  of  water, 
it  was  found  that,  during  the  process  of  exhaustion,  the  evaporation  was 
so  rapid  from  the  ether  in  the  flask,  as  to  convert  part  of  the  surrounding 
water  into  icet. 


* The  chemistry  of  Stahl,  as  it  was 
cultivated  in  Germany  and  France,  and 
other  countries  of  Europe,  scarcely 
aspired  beyond  the  bounds  within  which 
it  had  been  circumscribed  by  its  original 
founder.  A few  important  facts,  indeed, 
were  added,  but  they  were  either  con- 
nected with  medical  preparations,  or 
attracted  attention  solely  as  objects  of 
curiosity.  The  great  and  tempting  field 
of  Philosophical  Chemistry  lay  unex- 
plored, when  it  was  entered  upon  with 
ardor  by  Dr.  Cullen,  who  first  perceived 
its  value,  and  whose  genius  and  industry, 
had  they  not  been  turned  into  another 
channel,  would,  in  all  probability,  have 
been  crowned  with  the  richest  disco- 
veries. But,  though  Dr.  Cullen  soon 
abandoned  his  chemical  pursuits,  for 
those  of  medicine,  he  was  fortunate 
enough  to  have  initiated  into  the  science 
a man  whose  discoveries  formed  an  era 
in  chemistry,  and  who  first  struck  out  a 
new  and  brilliant  path,  which  was  after- 
wards fully  laid  open,  and  traversed  with 
so  much  eclat  by  the  British  philoso- 
phers who  followed  his  career.  This 
fortunate  pupil  of  Dr.  Cullen  was  Dr. 


Joseph  Black.” — Thomson,  History  of 
the  Royal  Society,  p.  408. 

Dr.  Cullen’s  fame  as  a promoter  of 
chemistry  has  been  lost  in  his  greater 
celebrity  as  a teacher  of  medicine. 
“ Chemistry,”  says  his  biographer  Dr. 
Anderson,  “which  was,  before  his  time, 
a most  disgusting  pursuit,  was,  by  him, 
rendered  a study  so  pleasing,  so  easy, 
and  so  attractive,  that  it  is  now  pursued 
by  numbers  as  an  agreeable  recreation, 
who,  but  for  the  lights  that  were  thrown 
upon  it  by  Cullen  and  his  pupils,  wotdd 
never  have  thought  of  engaging  in  it  at 
all.” 

Cullen  was  born  in  Lanarkshire,  in 
1712,  and  died  at  Edinburgh  in  1790. 

f Dr.  Cullen’s  paper  is  published  in 
the  Physical  and  Literary  Essays  and 
Edinburgh,  1750,  vol.  ii.  It 
contains  the  details  of  many  interesting 
experiments  upon  the  production  of  cold, 
and  he  considers  the  power  of  fluids  in 
tliis  respect,  as  nearly  according  to  the 
degree  of  volatility  in  each.  “ If  to 
this,”  says  he,  “ we  join  the  considera- 
tion that  the  cold  is  made  greater  by 
whatever  hastens  the  evaporation,  and 
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The  cause  of  the  cold  thus  produced  by  evaporation  now  therefore 
became  apparent,  since  no  vapor  can  be  in  any  instance  formed  without 
a proportionate  absorption,  or  disappearance,  of  heat ; and  the  theory  of 
cooling  by  evaporation  from  surfaces,  as  in  wine  and  water  coolers  com- 
posed of  porous  materials,  and  of  cooling  by  the  affusion  of  spirit  of  wine, 
ether,  and  other  rapidly  evaporating  substances,  became  at  once  evident. 
Leslie’s  experiment  on  the  production  of  ice  by  the  evaporation  of  water 
in  vacno^  and  W ollaston’s  Cryophorus^  beautifully  illustrate  these  vieAvs, 
but  it  Avould  require  much  more  extensive  consideration  than  we  can  here 
afford,  to  trace  all  the  bearings  of  the  highly  important  investigations  in 
which  the  name  of  Black  is  concerned.  There  is,  however,  one  subject 
connected  with  them,  upon  which  it  would  be  improper  not  to  offer  one 
or  two  remarks:  Dr.  Black,  in  his  published  Letters,  has  said,  “I  have 
the  pleasure  of  thinking,  that  the  knowledge  we  have  acquired  concerning 
the  nature  of  elastic  vapor,  in  consequence  of  my  fortunate  observation 
of  what  happens  in  its  formation  and  condensation,  has  contributed  in  no 
inconsiderable  degree,  to  the  public  good,  by  suggestmg  to  my  friend 
Mr.  Watt*  of  Birmingham,  then  of  Glasgow,  his  improvements  on  this 
engine;”  meaning  the  steam-engine,  of  which  he  is  then  speaking.  We 
are  not,  however,  to  conclude  from  these  lines,  that  Dr.  Black  meant  to 
assume  any  of  the  merit  which  exclusively  and  justly  belongs  to  Mr. 
Watt;  for  in  the  context  he  gives  him  all  praise  for  the  originality  of 
his  invention;  and,  in  his  private  correspondence,  recommends  him  par- 
ticularly to  assert,  clearly  and  fully,  his  sole  right  to  the  honor  of  the 
improvements  of  the  steam-engine;  and,  further,  in  a written  testimonial 
given  by  Dr.  Black  to  Mr.  Watt,  on  the  occasion  of  a trial  at  law  in 
1797?  connected  with  a piracy  of  one  of  his  inventions,  after  giving  a 
brief  account  of  it,  he  adds,  “Mr.  Watt  was  the  sole  inventor  of  the 
capital  improvement  and  contrivance  above-mentionedt.” 


particularly  that  the  sinking  of  the  ther- 
mometer is  greater,  as  the  air  in  which 
the  experiment  is  made  is  warmer,  if 
dry  at  the  same  time,  I think  we  may 
now  conclude  that  the  cold  produced  is  the 
effect  of  evaporation  d' 

* The  celebrated  James  Watt  was 
born  at  Greenock,  on  the  19th  of 
January,  1736;  and  died  on  the  25th  of 
August,  1819,  at  Heathfield,  near  Bir- 
mingham, in  the  84th  year  of  his  age. 

f This  may  be  the  proper  place  to 
show  in  what  way  the  views  of  Dr. 
Black’s  Theory  of  Latent  Heat  are  con- 
nected with  the  improvements  of  the 
steam-engine,  a subject  upon  which  I 
must  necessarily  be  brief,  as  only  in  part 
belonging  to  the  object  of  this  history. 
The  Marquess  of  Worcester  is  commonly 
regarded  as  the  inventor  of  the  steam- 
engine,  but  his  claims  are  not  well  au- 
thenticated. It  is  true,  that,  among  the 
Utopian  schemes  to  be  found  in  his 
Century  of  Inventions,  there  is  a dark 


description  of  a method  of  raising  water 
by  steam  ; but  we  can  scarcely  see  how 
this  was  effected,  nor  are  there  any  data 
recorded  of  the  success  of  the  contriv- 
ance. Be  this  as  it  may,  he  who  barely 
and  obscurely  hints  the  possibility  of  an 
undertaking,  cannot  be  regarded  as  fore- 
stalling him  who  successfully  carries  it 
into  execution ; and  the  first  person 
who,  upon  decided  evidence,  constructed 
an  engine  for  raising  water  by  the  alter- 
nate force  and  condensation  of  steam, 
was  Captain  Savary,  who  also  published 
an  account  of  his  invention,  in  a small 
tract  called  the  Mhier’s  Friend.  To  en- 
ter into  a description  of  this  instrument 
would  be  irrelative  to  my  present  pur- 
pose ; I therefore,  pass  on  to  that  of 
Newcomen,  who,  in  1705,  obtained  a 
patent  for  an  improved  steam-engine. 
It  consisted  of  a boiler,  having  a cylinder 
placed  upon  it,  in  which  was  a solid 
plunger,  connected  by  its  rod  with  a 
beam  and  lifting-pump.  The  plnnger 


OF  CHEMICAL  PHILOSOPHY. 


Ixi 


Watt’s  capital  improvement^  above  alluded  to,  consisted  cliiefly  in 
condensing  in  a separate  vessel,  and  was  adopted  before  he  had  any  clear 
notion  of  Dr.  Black’s  investigations;  or  at  least  the  main  experiments 
upon  which  this  improvement  hinged,  were  previously  undertaken. 


was  elevated  by  the  elastic  force  of  steam 
admitted  from  the  boiler.  The  steam- 
cock  being  closed,  a small  stream  of  cold 
water  was  siitfered  to  run  into  the  cylin- 
der, by  which  the  steam  was  condensed ; 
the  pressure  of  the  atmosphere  then 
acting  upon  the  surface  of  the  plunger, 
forced  it  to  the  bottom  of  the  cylinder, 
whence  it  was  again  raised  by  the  re- 
admission of  steam,  and  so  on.  In  1717? 
;Mr.  Henry  Beightonbecame  an  improver 
of  the  steam-engine ; he  was  probably 
the  first  who  caused  the  steam-cock  to 
be  opened  and  shut  by  the  machinery  ; 
for  a man  was  obliged  to  attend  Newco- 
men’s engine  for  this  express  purpose. 
A few  otlier  improvements  were  made 
by  different  persons,  but  they  did  not 
affect  the  general  action  of  the  engine ; 
the  steam  was  alternately  admitted  into, 
and  condensed  in  the  main  cylinder ; and 
although  defects  in  its  power  had  been 
noticed,  their  cause  was  unknown  until 
1765,  when  happily  for  the  prosperity 
of  the  arts  and  manufactures  of  this 
country,  the  subject  engaged  the  keen 
ingenuity  of  Mr.  Watt.  The  model 
of  a Newcomen’s  engine  fell  into  his 
hands  to  be  repaired,  and  in  this  he  pre- 
sently observed  the  immense  loss  of 
steam  occasioned  by  its  admission  into 
the  cylinder  just  cooled  for  condensation; 
indeed,  he  went  so  far  as  to  ascertain,  by 
experiment,  that  half  the  steam  of  the 
boiler  was  thus  lost.  For,  having  con- 
structed a boiler  which  showed  the 
quantity  of  steam  expended  at  every 
stroke  of  the  engine,  he  found  that  it 
many  times  exceeded  that  which  was 
sufficient  to  fill  the  cylinder.  But  the 
circumstance  that  excited  his  greatest 
surprise  was,  that  the  injection  water 
gained  infinitely  more  heat  than  if  a 
quantity  of  boiling  water,  equal  to  that 
required  to  form  the  steam,  had  been 
added  to  it.  It  was  probably  in  this 
dilemma  that  he  consulted  Dr.  Black  ; 
and  the  explanation  of  the  difficulty  will 
be  obvious  from  the  facts  detailed  in  the 
text.  To  avail,  himself,  therefore,  of 
the  whole  power  of  the  steam,  it  became 
absolutely  necessary  to  keep  up  the  tem- 
peratiire  of  the  cylinder  constantly  at 
the  boiling-point  of  water;  this  he  was 
enabled  to  attain,  by  connecting  with  it 


another  vessel  exhausted  of  air,  and,  im- 
mersed in  cold  water,  into  which,  when 
communicated  with  the  cylinder,  the 
steam,  being  an  elastic  fluid,  instantly 
rushes  and  is  condensed;  and,  on  closing 
its  connexion  with  the  cylinder,  the 
steam  again  admitted  there  now  operates 
with  full  force,  and  suffers  no  further 
condensation.  To  carry  off  the  water 
from  the  second  vessel,  which  he  calls 
the  condenser,  and  to  perpetuate  the  va- 
cuum, Mr.  Watt  attached  to  it  a pump, 
by  which  both  the  air  and  condensed 
water  are  removed.  The  engine  thus 
altered,  produced  the  same  power  as  one 
of  equal  dimensions  on  Newcomen’s 
plan,  with  rather  less  than  one-third  the 
quantity  of  steam ; hence  was  a consider- 
able hindrance  to  the  use  of  the  engine 
materially  diminished,  namely,  the  ex- 
pense of  fuel. 

But  great  as  was  this  improvement, 
it  forms  a small  part  of  the  successful 
achievements  of  Mr.  Watt  in  this  de- 
partment of  mechanics ; he  amended 
the  apparatus  for  boring  the  cylinders, 
and  improved  every  part  of  the  working 
gear  of  the  engine ; and  he  infinitely 
extended  its  applications  and  utility,  by 
applying  the  power  of  steam  to  produce 
motion  round  an  axis ; but  their  enume- 
ration would  lead  me  out  of  the  bounds 
of  chemistry.  I,  therefore,  hasten  to  the 
invention  which  may  be  said  to  have 
perfected  the  steam-engine.  Steam  had 
hitherto  only  been  used  to  force  the  pis- 
ton down, — it  was  returned  by  a weight 
attached  to  the  other  end  of  the  beam. 
]Mr.  Watt,  in  1782,  constructed  an  en- 
gine in  which  steam  was  used  to  elevate, 
as  well  as  to  depress  the  piston,  an  al- 
ternate vacuum  being  formed  above  and 
below  it,  by  the  condenser,  as  before. 
An  engine,  upon  this  plan,  executed  at 
IMr.  Watt’s  manufactory,  at  Soho,  near 
Birmingham,  was  first  employed  at  the 
Albion  ^Mills,  near  Blackfriar’s-bridge, 
London,  in  the  year  1788. 

An  excellent  sketch  of  the  history  of 
the  steam-engine  will  be  found  in  the 
Edinburgh  Review,  vol.  xiii.  p.  811,  and 
some  valuable  additions  to  the  biography 
of  Watt  and  the  history  of  his  disco- 
veries arc  contained  in  the  Eloge  of  M. 
Auago. 
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It  must  be  observed  here,  that  Mr.  Watt  made  a variety  of  curious 
investigations  upon  the  subject  of  steam,  and  of  the  capacity  of  bodies  for 
heat  (a  subject  first  inquired  into  by  Dr.  Black,  in  1762),  in  themselves 
highly  important ; but  these,  and  his  other  mechanical  and  chemical 
researches,  have  been  obscured  by  the  magnitude  of  his  inventions  and 
discoveries  more  immediately  connected  with  the  perfection  of  the  steam- 
engine. 

If  the  suspicion  of  jealousy,  of  want  of  candor,  or  of  any  deviation 
from  the  strictest  veracity,  could,  by  any  possibility,  attach  to  either  of 
the  philosophers  wdiose  labors  we  have  been  adverting  to,  it  might  be 
worth  entering  into  such  details  as  would  more  distinctly  unfold  their 
respective  claims;  as  it  is,  however,  I trust  the  short  allusion  made  to  the 
subject,  while  it  places  the  assertions  of  the  one  in  their  proper  light, 
wall  sufficiently  vindicate  the  exalted  merit  and  indisputable  originality  of 
the  other. 

To  Mr.  Watt’s  character,  in  relation  to  the  public,  and  as  a private 
individual,  it  is  more  than  difficult  to  do  justice,  for  the  combined  elo- 
quence of  the  different  waiters  who  have  attempted  it,  has  only  feebly 
depicted  the  influence  of  his  talents  upon  the  state  of  society;  and  still 
less  has  it  succeeded  in  the  more  difficult  portraiture  of  the  man, 
occupied  in  the  ordinary  duties  of  life,  and  in  the  intercourse  of 
social  converse.  Such,  at  least,  is  my  impression,  upon  looking  over 
the  different  biographical  sketches  that  have  lately  appeared.  I con- 
sider myself  as  highly  fortunate  in  having  occasionally  enjoyed  the 
society,  and  profited  by  the  information  of  one  who  was  so  eminent 
a benefactor  to  his  country.  “ He  was  a man,”  says  Sir  Walter 
Scott,  ‘‘  whose  genius  discovered  the  means  of  multiplying  our  national 
resources  to  a degree,  perhaps  even  beyond  his  own  stupendous  powers  of 
calculation  and  combination;  bringing  the  treasures  of  the  abyss  to  the 
surface  of  the  earth ; giving  the  feeble  arm  of  man  the  momentum  of  an 
Afrite;  commanding  manufactures  to  arise,  as  the  rod  of  the  Prophet 
produced  water  in  the  desert;  affording  the  means  of  dispensing  with  that 
time  and  tide  which  wait  for  no  man,  and  of  sailing  without  that  wind 
which  defied  the  commands  and  threats  of  Xerxes  himself.  This  potent 
commander  of  the  elements,  this  abridger  of  time  and  space,  this 
magician,  whose  cloudy  machinery  has  produced  a change  on  the  world,  the 
effects  of  which,  extraordinary  as  they  are,  are  perhaps  only  now  begin- 
ning to  be  felt,  was  not  only  the  most  profound  man  of  science,  the  most 
successful  combiner  of  powers  and  calculator  of  numbers,  as  adapted  to 
practical  purposes ; was  not  only  one  of  the  most  generally  well-informed, 
but  one  of  the  best  and  kindest  of  human  beings.  In  his  eighty-fourth 
year  his  attention  was  at  every  one’s  question,  his  information  at  every 
one’s  command.”  “No  individual  in  his  age,”  says  another  and  equally  able 
writer,  “ possessed  more  varied  and  exact  information.  He  had  infinite 
quickness  of  apprehension,  a prodigious  memory,  and  a certain  rectifying 
and  methodizing  power  of  understanding,  which  extracted  something 
precious  out  of  all  that  was  presented  to  it.  His  stores  of  miscellaneous 
knowledge  were  immense,  and  yet,  less  astonishing  than  the  command  he 
had  over  them.  His  conversation  had  all  the  charms  of  familiarity,  with 
all  the  substantial  treasures  of  knowdedge.  With  this  philosophical 


OP  CHEMICAL  PHILOSOPHY.  Ixlii 

excellence  of  character,  he  it  never  forgotten  that  Mr.  Watt  conjoined 
the  higher  duties  and  more  exalted  attributes  of  sincere,  hut  unaffected 
piety.  Expressing  his  gratitude  to  Providence  for  that  length  of  days, 
and  exemption  from  infirmity,  ■which  rendered  the  evening  of  his  life 
cheerful  and  serene,  he  yielded  up  his  soul  in  the  calmest  tranquillity, 
and  passed,  without  pang  or  struggle,  from  the  bosom  of  his  family  to 
that  of  his  God 


§ X. 

It  is  not  perfectly  in  chronological  order  to  proceed  in  the  present 
Section  to  the  discoveries  of  Dr.  Priestley*,  and  yet,  they  are  so  numerous 
and  important,  that  it  will  be  ditficult  to  continue  the  history  of  chemistry 
up  to  this  time,  without  allusion  to  their  objects  and  results.  I shall, 
therefore,  endeavor  to  give  the  reader  some  insight  into  the  nature  and 
bearings  of  his  inquiries. 

Priestley’s  entire  force  was  directed  upon  Pneumatic  Chemistry. 
We  have  seen  what  may  be  termed  the  materials  for  the  foundation  of 
this  branch  of  knowledge,  in  the  works  of  Mayow  and  Hooke;  it  was 
pursued,  as  we  have  also  found,  with  much  diligence,  but,  unfortunately, 
in  rather  a desultory  style,  by  Hales;  Priestley  directed  his  attention 
to  it  wit^i  a degree  of  activity  and  skill,  peculiarly  his  own;  and,  in  the 
number  of  his  discoveries,  left  his  contemporaries  far  in  the  hack-ground, 
while  he  certainly  rivalled  them  in  their  interest  and  importance ; and 
this  is  the  more  surprising,  when  we  reflect  that  his  philosophical  studies 
seem  generally  to  have  been  considered  as  subordinate  to  more  severe 
and  serious  occupations.  He  first  turned  his  attention  to  chemistry 
about  1768;  he  used  to  amuse  himself  with  experiments  on  fixed  air, 
and  artificial  mineral  waters;  and  one  experiment,  as  he  says,  leading  to 
another,  he  soon  collected  those  materials  which  he  laid  before  the  Koyal 
Society  in  1772,  under  the  title  of  Observations  on  different  Kinds  of 
Air.  With  what  zeal  and  success  he  prosecuted  this  subject,  will  be  seen 
in  the  sequel. 

The  apparatus  which  is  now  used  in  the  chemistry  of  gaseous  bodies, 
is  almost  entirely  of  Priestley’s  invention.  The  water-trough,  with 
its  sliding  shelves  and  moveable  supports  for  inverted  jars;  the  methods 
of  sulqecting  animals  and  plants  to  the  action  of  different  kinds  of  air; 
the  mercurio' pneumatic  apparatus  for  collecting  gases  absorbable  by  water; 
the  means  of  measuring  and  weighing  gases,  and  of  subjecting  them  to 
the  action  of  electricity,  are  only  a few  of  the  contrivances  for  which  we 
are  principally  indebted  to  Priestley;  many  others,  employed  by  Mayo’W 
and  Hales,  were  by  him  perfected  or  improved. 

In  his  earliest  experiments  on  fixed  air,  and  on  air  tainted  by  com- 
bustion and  respiration.  Dr.  Priestley  has  announced  many  highly 
interesting  and  new  facts;  but  the  discovery  which  takes  precedence  of  the 
others,  and  upon  which  his  fame  has  been  chiefly,  though  not  quite  justly, 
founded,  is  that  of  Oxygen  Gas,  or,  as  he  termed  it,  Dephlogisticated 
Air.  I say  not  quite  justly,  because  its  brilliancy  and  importance  have 
been  suffered  to  overshadow  many  of  his  other  original  investigations,  of 

* Born  at  Fieldhead,  near  Leeds,  1733;  died  in  Pennsylvania,  1804, 
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•\vliicli  we  hear  hut  little,  though  their  aggregate  influence  upon  the  sub- 
sequent progress  of  chemistry  was  most  direct  and  important ; but  the 
fact  is,  that  Priestley  having  opened  as  it  were,  a new  and  rich  mine 
in  the  science,  found  therein  such  abundance  of  treasure,  that  he  was  able 
to  do  little  more  than  bring  it  to  the  surface,  where  it  was  soon  pillaged 
and  carried  off. 

Dephlogisticated  Air  was  discovered  by  Dr.  Priestley  on  the  1st  of 
August,  1774,'  the  method  of  experimenting  which  he  adopted,  con- 
sisted in  exposing  a quantity  of  Red  Precipitate  of  Mercury  to  the  action 
of  the  sun’s  rays  concentrated  by  a burning  lens;  the  red  precipitate  was 
contained  in  a small  flask,  filled  up  with  quicksilver,  and  inverted  in  a 
basin  of  the  same  metal.  “ I presently  found,”  he  says,  ‘‘  that  by  means 
of  this  lens  air  was  expelled  from  it  very  readily.  Having  got  several 
times  as  much  as  the  bulk  of  my  materials,  I admitted  water  to  it,  and 
found  that  it  was  not  imbibed  by  it.  But  what  surprised  me  more  than 
I can  well  express,  was,  that  a candle  burned  in  this  air  with  a remark- 
able vigorous  flame,  very  much  like  that  enlarged  flame  with  which  a 
candle  burns  in  nitrous  air  exposed  to  iron  or  liver  of  sulphur ; but,  as  I 
got  nothing  like  this  remarkable  appearance  from  any  kind  of  air  besides 
this  particular  modification  of  nitrous  air,  and  I knew  no  nitrous  acid  was 
used  in  the  preparation  of  the  mercurius  calcinalus^  I was  utterly  at  a 
loss  how  to  account  for  it*.”  Red  Lead,  and  several  other  substances, 
among  which  is  enumerated  Nitre,  are  also  shown  by  our  author  to 
afford  oxygen  at  a red  heat ; and  here  we  may  revert  to  the  sagacity  dis- 
played by  Hooke,  in  his  notions  already  quoted,  respecting  the  constitu- 
tion of  that  salt,  and  its  nitro-aerial  particles ; and  remind  the  reader 
how  remarkably  his  surmises  have  been  verified  by  Priestley;  for  upon 
turning  to  those  pages  of  the  Mici'ographia,  in  which  the  theory  of  com- 
bustion is  explained,  we  cannot  but  admire  the  penetration  with  which 
the  presence  of  a body  possessing  the  qualities  of  oxygen  is  anticipated, 
though  the  experimental  demonstration  of  its  existence  was  not  achieved 
till  the  middle  of  the  succeeding  century.  To  Mayow  we  might  pay  a 
similar  tribute  of  applause;  but  in  canvassing  the  discoveries  of  Lavoisier 
and  his  associates,  a more  favorable  opportunity  will  offer  of  placing 
these  matters  in  tbeir  true  light. 

The  “nitrous  air  exposed  to  iron,”  alluded  to  in  the  preceding 
paragraph,  is  the  gas  now  called  Nitrous  Oxide,  which  Priestley  also 
discovered,  though  he  but  imperfectly  investigated  its  properties. 

The  next  remarkable  circumstance  adverted  to  by  our  author  in 


* The  following  paragrajih,  with  which 
Dr.  Priestley  prefaces  his  account  of  the 
discovery  of  Dephlogisticated  Air,  pre- 
sents a picture  of  his  mind  in  regard  to 
the  origin  of  his  own  researches. 

“ The  contents  of  this  section  will  fur- 
nish a very  striking  illustration  of  the 
truth  of  a remark  which  I have  more 
than  once  made  in  my  philosophical 
writings,  and  which  can  hardly  be  too 
often  repeated,  as  it  tends  greatly  to 
encourage  philosophical  investigations; 
viz.,  that  more  is  owing  to  what  we  call 


chance,  that  is,  philosophically  speaking, 
to  the  observation  of  events  arising  from 
unknown  causes,  than  to  any  proper  de- 
sign or  preconceived  theory  in  this  busi- 
ness. This  does  not  appear  in  the  works 
of  those  who  write  synthetically  upon 
these  subjects,  but  would,  I doubt  not, 
appear  very  strikingly  in  those  who  are 
the  most  celebrated  for  their  philosophi- 
cal acumen,  did  they  write  analytically 
and  ingenuously.”  {Exp.  and  Obs.,  vol. 
ii.,  p.  103.) 
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respect  to  deplilogisticated  air^  is  its  action  upon  nitrous  gas,  mixed  with 
wliich,  ‘‘it  occasioned  a much  more  considerable  diminution  than  atmo- 
spheric air;'’  and,  as  the  fitness  of  air  for  respiration  appeared  connected 
with  the  absorption  thus  produced,  it  was  inferred  that  it  would  support 
respiration,  an  inference  which  the  Doctor  soon  verified,  by  placing  a 
mouse  in  a jar  of  the  deplilogisticated  air,  in  which  it  lived  half  an  hour, 
though,  by  previous  trials,  he  knew  that  it  would  only  live  a quarter  of 
an  hour  in  the  same  bulk  of  atmospheric  air. 

In  the  observations  connected  with  these  experiments,  Priestley 
enters  pretty  much  at  length  into  the  theory  of  the  production  of  depblo- 
gisticated  air;  but  I shall  not  follow  him  into  these  views,  as  they  are 
not  very  consistent  with  facts,  nor  even  plausibly  applied  to  them : he 
hints,  however,  at  several  useful  applications  of  oxygen,  and  especially 
recommends  it  for  the  production  of  intense  heat,  by  directing  a small 
jet  of  it  upon  a piece  of  burning  charcoal. 

Among  the  many  and  ingenious  investigations  of  this  Philosopher, 
none  have  produced  more  pleasing  subjects  of  inquiry  than  those  relating 
to  the  influence  of  vegetation  upon  air  contaminated  by  combustion, 
respiration,  and  the  putrefaction  of  animal  matter.  Finding  that  air  was 
not  spoiled  by  the  growth  of  a sprig  of  mint  kept  in  it  for  some  months, 
he  thought  it  possible  that  the  process  of  vegetation  might  restore  the 
air  injured  by  burning  candles;  and,  accordingly,  on  the  17th  of  August, 
177L  put  a sprig  of  mint  into  air  in  which  a wax  candle  had  burned 
out,  and,  on  the  27th  of  the  same  month,  found  that  another  candle 
burned  perfectly  well  in  it;  and  then,  to  verify  the  conclusion,  he  divided 
the  injured  air  into  two  separate  portions,  putting  the  plant  into  one  of 
them,  and  merely  leaving  the  other  standing  over  water;  he  never  failed 
to  find  that  a candle  Avould  burn  in  the  former,  but  not  in  the  latter. 
“ This  restoration  of  air,”  says  Priestley,  “ I found  depended  upon  the 
vegetating  stale  of  the  pla?it:  for  though  I kept  a great  number  of  the 
fresh  leaves  of  mint  in  a small  quantity  of  air  in  which  candles  had  burned 
out,  and  changed  them  frequently  for  a long  space  of  time,  I could 
perceive  no  melioration  in  the  state  of  the  air.  This  remarkable  effect 
does  not  depend  upon  anything  peculiar  to  mhit,  for  I found  a quantity 
of  this  kind  of  air  to  be  perfectly  restored  by  sprigs  of  halm.’'  Groundsel, 
spinach,  and  some  other  plants,  were  used  with  like  effect,  to  show  that 
it  did  not  depend  upon  aromatic  effluvia.  In  Dr.  Priestley’s  Observations 
on  Air  infected  with  Animal  Respiration  and  Putrefaction.,  a multitude 
of  other  facts  are  adduced  to  demonstrate  its  renovation  when  exposed  to 
growing  vegetables,  and  he  is  thus  led  to  the  following  general  remarks 
upon  the  subject: — “These  proofs  of  a partial  restoration  of  air  by  plants 
in  a state  of  vegetation,  though  in  a confined  and  unnatural  situation, 
cannot  but  render  it  highly  probable,  that  the  injury  which  is  continually 
done  to  the  atmosphere  by  the  respiration  of  such  a number  of  animals, 
and  the  putrefaction  of  such  masses  of  both  vegetable  and  animal  matter, 
is,  in  part  at  least,  repaired  by  the  vegetable  creation;  and  notwith- 
standing the  prodigious  mass  of  air  that  is  corrupted  daily  by  the  above- 
mentioned  causes,  yet,  if  we  consider  the  immense  profusion  of  vegetables 
upon  the  face  of  the  earth,  growing  in  places  suited  to  their  nature,  and, 
consequently,  at  full  liberty  to  exert  all  their  powers,  both  inhaling  and 
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exlialing,  it  can  hardly  he  thought  hut  that  it  may  he  a sufficient  counter- 
balance to  it,  and  that  the  remedy  is  adequate  to  the  eviD. 

In  the  year  1778  Dr.  Priestley  resumed  this  investigation,  and 
verified  his  main  conclusions  by  new  and  satisfactory  experiments;  he 
found,  however,  that  it  was  necessary  for  their  success  that  the  plants 
should  be  in  a state  of  healthy  and  natural  vegetation,  and  that  all  plants 
were  not  equally  efficacious,  some  indeed  appearing  rather  to  deteriorate 
than  improve  the  contaminated  atmosphere.  About  this  time,  too,  he 
made  the  capital  discovery  of  the  evolution  of  oxygen  by  aquatic  plants, 
growing  in  water  containing  carbonic  acid ; that  the  presence  of  light  was 
necessary  to  this  change;  that  in  sunshine  it  was  most  rapid;  that  it  was 
in  great  measure  independent  of  warmth;  and,  lastly,  that  the  bladders 
of  some  kinds  of  sea-weed  {Jucus  vesicnlosus\  often  contained  air  purer 
than  the  atmosphere.  The  renovation  of  the  air  contained  in  water, 
requisite  for  the  respiration  of  fishes,  was  thus  accounted  for;  and  the 
circumstance  of  fishes  and  most  other  aquatic  animals  being  unable  to 
live  for  any  time  in  pure  water,  though  exposed  to  air,  satisfactorily 
explained. 

By  his  contrivance  of  receiving  gaseous  fluids  over  quicksilver, 
Priestley  was  able  to  collect  and  examine  a number  of  new  aeriform 
products,  absorbable  by  water;  and  in  these  inquiries  he  was  eminently 
successful.  Cavendish,  in  endeavouring  to  get  inflammable  air  from  a 
mixture  of  copper  and  spirit  of  salt,  obtained  one  that  lost  its  elasticity 
on  the  contact  of  water.  “ I was  exceedingly  desirous,”  says  Priestley, 
“ to  become  acquainted  with  it,  and  therefore  began  by  making  the 
experiment  in  quicksilver,  which  I never  failed  to  do  in  any  case  when  I 
suspected  that  air  might  either  be  absorbed  by  water,  or  in  any  other 
manner  affected  by  it ; and,  by  this  means,  I presently  got  a much  more 
distinct  idea  of  the  nature  and  effects  of  this  curious  solution.”  He  then 
goes  on  to  show  that  this  singular  gas  is  derived  from  the  acid,  that  it  is 
very  absorbable  by  water,  and  that  common  Spirit  of  Salt  is  in  fact  an 
aqueous  solution  of  it.  His  next  discovery  in  this  department,  was  that 
of  an  alkaline  air  from  a mixture  of  lime  and  sal-ammoniac ; it  also 
was  absorbed  by  water,  forming  “ volatile  spirit  of  sal-ammoniac,  much 
stronger  than  that  procured  by  any  other  means.”  He  now  thought  that 
by  adding  the  acid  to  the  alkaline  air,  he  might  possibly  produce  a neutral 
air,  but  immediate  condensation  ensued,  and  sal-ammoniac  was  deposited. 
What  is  now  termed  Sulphurous  Acid,  (or  by  Priestley  Vitriolic  Acid 
Air,)  he  also  discovered;  he  obtained  it  in  various  ways,  but  chiefly  by 
heating  mercury  with  oil  of  vitriol;  he  examined  many  of  its  combina- 
tions, and  inquired  into  its  action  upon  a variety  of  bodiest. 


* Priestley  on  Air,  vol.  i.  p.  93, 
3rd  edition,  1781. 

t The  notice  of  this  discovery  enables 
me,  by  the  insertion  of  the  following  ex- 
tract from  his  History  of  Vitriolic  Acid 
Air,  to  show  the  candour  and  exactness 
with  which  he  acknowledges  the  hints, 
assistance,  and  discoveries  of  others  : — 
“ My  first  scheme  was  to  endeavour 
to  get  the  vitriolic  acid  in  the  form  of 


air,  thinking  that  it  would  probably  be 
easy  to  confine  it  by  quicksilver,  for,  as 
to  the  nitrous  acid,  its  affinity  with  quick- 
silver is  so  great  that  I despaired  of  being 
able  to  confine  it  to  any  purpose.  I, 
therefore,  wrote  to  my  friend  Mr.  Lane 
to  procure  me  a quantity  of  volatile 
vitriolic  acid,”  &c.  “ Seeing  Mr.  Lane 

the  winter  following,  he  told  me,  that  if 
I would  only  heat  any  oily  or  greasy 
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I liare  now  enumerated  tlie  principal  discoveries  wliicli  Priestley 
may  claim  as  original ; and,  in  importance,  they  are  second  to  none  that 
liad  been  previously  made,  and  barely  inferior  to  those  that  have  adorned 
the  later  progress  of  Chemistry.  "\Ve  can  scarcely  call  him  i\\e  foil 71  de?'  of 
Pneumatic  Chemistry,  after  perusing  the  works  of  Hales  and  Black;  but 
he  achieved  more  in  that  new  department  of  the  science,  than  any  of  his 
predecessors  or  contemporaries;  and  though  on  some  points  anticipated, 
his  claliiis  to  originality,  are  on  others,  quite  unequivocal.  He  cannot  he 
called  the  discoverer  of  Nitrous  Gas,  for  it  is  noticed  by  Mayow;  yet  he 
developed  its  principal  properties,  pointed  out  its  useful  eudiometrical 
applications,  and  showed  many  new  modes  of  obtaining  it.  He  has  been 
stigmatized  as  a defender  of  the  unintelligible  system  of  phlogiston;  and 
he  did  defend  it  with  unpardonable  pertinacity^';  but  when  we  reflect, 
that  equally  erroneous  theories  have  been  as  warmly  espoused  in  our  own 


matter  with  oil  of  vitriol,  I should  cer- 
tainly make  tlie  very  thing  I wanted, 
viz.,  the  volatile  or  sulphureous  vitriolic 
acid ; and,  accordingly  I meant  to  have 
proceeded  upon  this  hint,  but  was  pre- 
vented from  pursuing  it  by  a variety  of 
engagements. 

“ Some  time  after  this,  I was  in  com- 
pany with  Lord  Shelburne,  at  the  seat 
of  Mons.  Trudaine,  at  IMontigny,  in 
France  ; wdiere,  with  that  generous  and 
liberal  sj)irit  by  Avhich  that  nobleman  is 
distinguished,  he  has  a complete  appa- 
ratus of  philosophical  instruments,  wdth 
every  other  convenience  and  assistance 
for  pursuing  such  philosophical  inquiries 
as  any  of  his  numerous  guests  shall 
choose  to  entertain  themselves  with.  In 
this  agreeable  retreat,  I met  with  that 
eminent  philosopher  and  chemist,  IMon- 
sieur  Montigni,  Member  of  the  Koyal 
Academy  of  Sciences;  and  conversing 
with  him  upon  the  subject,  he  proposed 
our  trying  to  convert  oil  of  vitriol  into, 
vapour,  by  boiling  it  on  a pan  of  charcoal 
in  a cracked  phial.  This  scheme  not 
answering  our  purpose,  he  next  proposed 
heating  it  together  with  oil  of  turpentine. 
A ccordingly,we  went  to  work  upon  it,  and 
soon  produced  some  kind  of  air,  confined 
with  quicksilver;  but  our  recipient  being 
overturned  by  the  suddenness  of  the 
production  of  the  air,  w'e  wmre  not  able 
to  catch  anymore  than  the  first  produce, 
which  was  little  else  than  the  common 
air  which  had  lodged  on  the  surface  of 
the  liquor,  and  which  appeared  to  be  a 
little  phlogisticated  by  its  not  being  much 
affected  by  a mixture  of  nitrous  air.” 

* Dr.  Priestley’s  last  publication  is  a 
tract,  ■which  appeared  after  his  retire- 
ment to  America,  in  1800.  It  is  entitled 
The  Doctrine  of  Phlogiston  established^  and 


that  of  the  Composition  of  Water  refuted, 
It  contains  a variety  of  miscellaneous 
observations  on  the  phlogistic  and  anti- 
phlogistic theories;  but  it  would  be  use- 
less to  follow  the  author  into  his  unsub- 
stantial speculations  on  these  subjects. 
He  has,  however,  thrown  out  some  im- 
portant considerations  relating  to  his 
claims  of  originality  as  the  discoverer  of 
dephlogisticated  air.  The  following  pa- 
ragraph appears  of  sufficient  interest 
to  be  transcribed: — “Now  that  I am  on 
the  subject  of  the  right  of  discoveries,  I 
will,  as  the  Spaniards  say,  leave  no  ink 
of  this  kind  in  my  inkhorn ; hoping  it 
will  be  the  last  time  that  I shall  have 
any  occasion  to  trouble  the  public  about 
it.  M.  Lavoisier  says  {Elements  of  Che- 
mistry, English  translation,  p.  36),  ‘this 
species  of  air  (meaning  dephlogisticated) 
was  discovered  almost  at  the  same  time 
by  Mr.  Priestley,  Mr.  Scheele,  and 
myself.’  The  case  was  this  : — Having 
made  the  discovery  some  time  before  I 
was  in  Paris  in  1774,  I mentioned  it  at 
the  table  of  ]\L  Lavoisier,  when  most  of 
the  philosophical  people  in  the  city  were 
present ; saying,  that  it  w^as  a kind  of  air 
in  which  a candle  burned  much  better 
than  in  common  air,  but  I had  not  then 
given  it  any  name.  At  this  all  the  com- 
pany, and  ]M.  and  Madame  Lavoisier  as 
much  as  any,  expressed  great  surprise; 
I told  them  I had  gotten  it  from  preci- 
pitate per  se,  and  also  from  red  lead. 
Speaking  French  very  imperfectly,  a)id 
being  little  acquainted  with  the  teians  of 
chemistry,  I said  plornh  rouge,  winch  was 
not  understood,  till  M.  IMacquer  said,  ‘ I 
must  mean  miniumd  Mr.  Scheele’s  dis- 
covery w'as  certainly  independent  of 
mine,  though  I believe  not  made  quiet 
so  early.”  P.  88. 
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days,  by  men  who  in  no  respect  are  to  be  considered  as  inferior  to  our 
author,  we  must  not  impeach  his  discernment,  upon  so  flimsy  an  accusa- 
tion. When  we  consider  his  numerous,  and  as  it  were,  incompatible 
occupations;  and  remember  the  many  channels  into  which  his  exertions 
were  occasionally  directed,  we  presently  detect  the  source  of  that  wavering 
of  opinion,  and  unsteadiness  of  research,  which  his  philosophical  pursuits 
display.  His  experiments  were  almost  always  submitted  to  the  public  in 
a crude  and  undigested  form,  for  he  had  no  time  to  build  them  into 
theories,  or  to  concoct  them  into  generalizations;  and  it  is  perhaps  as  well 
that  he  had  not,  for  the  bent  of  his  mind  was  evidently  such,  as  to  shine 
in  experiment  rather  than  argument. 

The  consiliution  of  the  aimos]^here  wvas  one  of  the  many  inquiries 
which  engaged  Priestley's  diligence*.  In  1772,  Dr.  Rutherford 
demonstrated  the  existence  of  a peculiar  elastic  fluid  in  atmospheric  air, 
differing  from  fixed  or  mephitic  air,  and  yet,  like  it,  extinguishing  flame, 
and  unfit  for  respiration t.  This  component  part  of  the  atmosphere  was, 
by  Priestley,  called  Phlogislicated  Air:  and  he  showed  that  when  mixed 
with  nitrous  gas,  it  suffered  no  diminution;  but,  on  the  contrary,  that 
dephlogisticated  air,  on  the  same  admixture  in  due  proportions,  was 
almost  entirely  absorbed  over  water;  hence  the  method  before  noticed 
which  he  introduced,  of  ascertaining  Avhat  was  termed  the  goodness  of 
atmospheric  air,  by  the  degree  of  absorption  exhibited  upon  a certain 
admixture  of  nitrous  gas,  over  water. 

It  was  for  his  various  discoveries,  and  more  especially  those  relating 
to  the  physiology  of  vegetation,  that  the  Council  of  the  Royal  Society 
honored  Dr.  Priestley  by  the  presentation  of  Sir  Godfrey  Copley’s 
medal,  on  the  30tli  of  November,  17d3J. 


* The  ancients  appear  to  have  re- 
garded air  as  an  nltiniate  principle  of 
matter.  Thus  Lucretius, — 

Aera  nunc  igitur  dicam,  quid  corpore  to  to 
Innumerabiliter  privis  mutatui-  in  boras  : 

Semper enim,quodquomquefluit  de  rebus,  id omne 
Aeris  in  magnum  fertur  mare,  qui  nisi  contra 
Corpora  retribuat  rebus,  recreetque  fluenteis. 
Omnia,  jam  resoluta  forent,  et  in  aera  vorsa. 
Hand  igitur  cessat  gigni  de  rebus,  et  in  res 
Recidere  assidue,  quoniam  fluere  omnia  constat. 

Be  Rerum  Natura,  Lib.  V.  v.  274. 

f “Sed  Aer  salubris  et  piiriis,  non  modo 
respiratione  animali  ex  parte  fit  mepliiti- 
cus,  sed  et  aliam  indolis  suae  mutationem 
inde  patitur.  Postcpiam  enim  omnis 
aer  mepliiticus  ex  eo,  ope  lixivii  caustici 
secretus  et  abductus  fuerit,  qui  tamen 
restat,  nullo  modo  salubrior  inde  evadit, 
nam  quamvis  nullam  ex  aqua  calcis  prse- 
cipitationem  faciet,  hand  minus  quam 
antea,  flammam  et  vitam  extinguit.” 

X Sir  Godfrey  Copley  originally  be- 
queathed five  guineas  to  be  given  at 
each  anniversary  meeting  of  the  Royal 
Society,  by  the  determination  of  the 
President  and  Council,  to  the  person  who 
had  been  the  author  of  the  best  paper  of 


experimental  observation  for  the  year 
past.  In  process  of  time,  this  pecuniary 
reward,  which  could  never  be  an  im- 
portant consideration  to  a man  of  en- 
larged and  philosophical  mind,  however 
narrow  his  circumstances  might  be,  was 
changed  into  the  more  liberal  form  of  a 
gold  medal,  in  which  form  it  is  become 
a truly  honourable  mark  of  distinction, 
and  a just  and  laudable  object  of  ambi- 
tion. It  was,  no  doubt,  always  usual 
with  the  Presidents,  on  the  delivery  of 
the  medal,  to  pay  some  compliment  to 
the  gentleman  on  whom  it  was  bestowed  ; 
but  the  custom  of  making  a set  speech 
on  the  occasion,  and  of  entering  into  the 
history  of  that  part  of  philosophy  to 
which  the  experiment  related,  was  first 
introduced  by  Mr.  Martin  Folkes.  The 
discourses,  however,  which  he  and  his 
successors  delivered,  were  very  short, 
and  were  only  inserted  in  the  minute- 
books  of  the  Society ; none  of  them  had 
ever  been  printed  beforeSir  John  Pringle 
was  raised  to  the  chair  of  the  Society. — 
Chalmers’s  Biographical  Dictionary. — 
Life  of  Pringle. 
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Sir  John  Pringle,  avIio  was  then  President,  delivered  on  this  occasion 
an  appropriate  discourse  upon  the  different  kinds  of  air,  in  which,  after 
expatiating  upon  the  discoveries  of  his  predecessors,  he  points  out  the 
especial  merits  of  Priestley’s  investigations.  In  allusion  to  the  purifi- 
cation of  a tainted  atmosphere  by  the  growth  of  plants,  the  President  has 
thus  expressed  himself : — 

“ From  these  discoveries  we  are  assured  that  no  vegetable  grows  in 
vain;  but  that,  from  the  oak  of  the  forest  to  the  grass  of  the  field,  every 
individual  plant  is  serviceable  to  mankind;  if  not  always  distinguished 
by  some  private  virtue,  yet  making  a part  of  the  whole  which  cleanses  and 
purifies  our  atmosphere.  In  this,  the  fragrant  rose  and  deadly  nightshade 
co-operate;  nor  is  the  herbage,  nor  the  woods  that  flourish  in  the  most 
remote  and  unpeopled  regions,  unprofitable  to  us,  nor  we  to  them,  con- 
sidering how  constantly  the  winds  convey  to  them  our  vitiated  air,  for 
our  relief  and  their  nourishment.  And  if  ever  these  salutary  gales  rise  to 
storms  and  hurricanes,  let  us  still  trace  and  revere  the  ways  of  a beneficent 
Being,  mJio  not  fortuitously,  but  with  design,  not  in  wrath,  but  in  mercy, 
thus  shakes  the  water  and  the  air  together,  to  bury  in  the  deep  those 
putrid  and  pestilential  eftluvia  which  the  vegetables  on  the  face  of  the 
earth  had  been  insutficient  to  consume*.” 


The  chemistry  of  gaseous  bodies,  in  consequence  chiefly  of  Priest- 
ley'’s  investigations,  now  became  a main  branch  of  the  science,  and  some 
of  his  most  eminent  contemporaries  were  equally  diligent  Avith  himself  in 
its  promotion  and  elucidation.  Among  others,  Bergman  and  his  friend 
and  pupil,  Sciieele,  may  be  ranked  among  its  successful  followers;  and 
Cavendish  lent  it  his  poAverful  aid;  but  I have  thought  it  better  to  con- 
fine myself  to  the  abstract  vieiv  of  such  of  Priestley’s  discoveries  as  may 


* Dr.  Franklin,  in  a letter  upon  tlie 
subject  of  these  discoveries  to  ih’. 
Priestley,  has  expressed  himself  as  fol- 
io avs  : — 

“ That  the  vegetable  creation  should 
restore  the  air  Avhich  is  spoiled  by  the 
animal  part  of  it,  looks  like  a rational 
system,  and  seems  to  be  of  a piece  Avitli 
the  rest.  Thus,  fire  purifies  water  all 
the  Avorld  OA^er.  It  purifies  it  by  distil- 
lation, when  it  raises  it  in  vapor  and 
lets  it  fall  in  rain ; and  further  still  by 
filtration,  Avhen  keeping  it  fluid,  it  suffers 
that  rain  to  percolate  the  earth.  "We 
knew  before,  that  putrid  animal  sub- 
stances were  conveiffed  into  SAveet  vege- 
tables, Avhen  mixed  with  the  earth  and 
applied  as  manure ; and  now,  it  seems 
that  the  same  putrid  substances,  mixed 
with  the  air,  have  a similar  effect.  The 
strong  thriving  state  of  your  mint,  in 
putrid  air,  seems  to  show  that  the  air  is 
mended  by  taking  something  from  it, 
and  not  by  adding  to  it.  I hope  this 
Avill  give  some  check  to  the  rage  of  de- 
stroying trees  that  groAv  near  houses, 


which  has  accompanied  ouiTate  improve- 
ments in  gardening,  from  an  opinion  of 
their  being  unwholesome.  I am  certain, 
from  long  observation,  that  there  is 
nothing  unhealthy  in  the  air  of  woods  ; 
for  we  Americans  have  everywhere  our 
country  habitations  in  the  midst  of 
Avoods,  and  no  people  on  earth  enjoy 
better  health,  or  are  more  prolific.” — 
Phil.  Trans.  1772,  page  199. 

NotliAvithstanding  these  researches, 
which  have  exposed  some  very  curious 
facts  relative  to  the  chemical  physiology 
of  plants,  it  has  been  surmised  that  the 
causes  of  the  renovation]  and  equality  of 
our  atmosphere  are  not  yet  entirely  as- 
certained; for,  although  groAving  vegeta- 
bles, under  the  influence  of  light,  purify 
the  air  (by  the  absorption  of  carbon  and 
the  evolution  of  oxygen),  yet,  Avhen  in 
blossom,  and  Avhen  in  a state  of  decay, 
they  add  to  its  contamination.  There 
seems,  hoAvever,  no  reason  to  doubt  that 
vegetation  is  adequate  to  the  decompo- 
sition of  the  Avhole  of  the  carbonic  acid 
Avhicli  is  throAvn  into  the  atmosphere. 
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be  strictly  termed  his  own,  than  to  blend  them  with  the  achievements 
of  other  philosophers,  who  experimented  with  distinct  views,  though 
occasionally  treading  in  his  footsteps. 

§ XL 

Bergman,  of  Sweden,  was  born  in  the  year  1735,  and  died  in  1784, 
in  consequence  of  too  intense  application  to  his  studies : he  was  not  only 
a diligent  traveller  in  the  beaten  paths  of  Chemistry,  but  he  searched  the 
depths,  and  ascended  the  heights  of  the  science ; his  life  was  short,  but 
as  he  neither  lost  nor  misemployed  time,  his  activity  compensated  for 
the  brevity  of  his  days ; he  not  only  opened  a new  mine  in  his  favorite 
science,  but  examined  its  treasures  and  scattered  its  riches,  for  Bergman 
may  be  said  to  have  almost  invented  the  art  of  chemical  analysis. 

In  his  Prefatory  Essay  on  the  I?ivestigation  of  Truths  this  author  has 
depicted  his  feelings  upon  the  subject  of  experimental  science,  in  per- 
spicuous and  unaffected  terms;  and  a mind  so  directed,  could  not  but  be 
successful  in  its  exploits,  when  we  remember,hhat  even  in  his  days,  there 
were  few  willing  entirely  to  throw  off  the  presumption  of  scholastic 
philosophy.  “A  tendency,”  he  says,  “to  Cartesianism  still  exists,  and 
upon  attentive  consideration  it  will  not  appear  wonderful  that  the  human 
mind  should  delight  to  indulge  in  this  method ; for,  on  the  one  hand,  the 
way  of  experiment  is  expensive,  troublesome,  and  tedious;  all  minds, 
therefore,  are  not  capable  of  enduring  it ; many  are  without  the  proper 
instruments,  others  want  the  necessary  dexterity;  but  the  most  universal 
defect  is  that  of  patience  and  perseverance,  so  that  if  the  experiment  does 
not  at  once  succeed,  it  is  abandoned  in  disgust.  Man,  in  his  ordinary 
state,  seems  by  nature  prone  to  indolence.  On  the  other  hand,  the 
contemplative  method  favours  the  desire  of  knowledge ; by  pretending 
to  unlock  the  secrets  of  nature  with  ease  and  expedition,  it  soothes  the 
natural  rage  of  explaining  all  things ; and  by  supposing  everything 
accessible  to  the  human  intellect,  administers  pleasing  flattery  to  vanity 
and  arrogance.” 

It  is  upon  the  talents  of  Bergman,  as  an  analyst^  that  I propose  to 
dwell;  it  is  there  that  he  was  pre-eminently  original  and  successful;  and 
upon  that  foundation,  his  character  as  a chemist  may  safely  be  built. 

The  use  of  tests^  for  the  discovery  of  certain  substances  held  in  aqueous 
and  other  solutions,  is  first  particularly  dwelt  upon  by  Boyle,  and  he 
was  sometimes  very  fortunate  in  their  contrivance  and  application.  He 
noticed  the  conversion  of  certain  vegetable  blues  to  red  by  acids,  and  to 
green  by  alkalis;  the  cloudiness  produced  by  common  salt  in  solution  of 
silver,  its  discoloration  by  liver  of  sulphur,  and  several  other  circum- 
stances connected  with  the  detection  of  certain  principles  by  chemical 
re-agents.  In  1667  Du  Clos  undertook  an  examination  of  the  waters 
of  France;  and  in  1686  Hierne  published  some  clever  experiments 
upon  the  same  subject,  in  Sweden.  In  these  writers,  the  use  of  galls  for 
the  detection  of  iron  is  alluded  to,  and  the  necessity  pointed  out  of 
examining  the  residuary  product  of  evaporation.  In  1726  and  1729 
Boulduc  used  spirit  of  wine  to  precipitate  certain  saline  bodies  insoluble 
in  that  menstruum.  In  1755  Yenel  pointed  out  the  existence  of  fixed 
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air  in  the  waters  of  Seltzer,  Spa,  and  Pj’rmont;  Lane,  in  showed 

the  method  of  imitating  chalybeate  springs;  and  in  1772  Hr.  Priestley 
published  directions  for  saturating  water  with  fixed  air. 

Bergman,  in  his  Essay  on  Mineral  Waters^  after  adverting  to  a variety 
of  circumstances  relating  to  their  general  characters  and  sources,  proceeds 
to  point  out,  in  the  seventh  section,  the  principal  re-agents  and  j)recipi- 
iants  useful  in  their  examination,  and  to  describe  the  nature  of  their 
changes  and  indications,  with  useful  precision,  in  the  following  order: — 
A.  Infusion  of  litmus,  or  turnsole,  is  so  delicate  a test  for  the  acids,  that 
a single  grain  of  sulphuric  acid  reddens  408  cubic  inches  of  the  blue 
tincture.  Paper,  dipped  in  this  tincture,  and  reddened  by  distilled 
vinegar,  has  its  blue  color  restored  by  alkalis;  but  the  tincture  is  more 
sensible  than  the  paper,  for  the  latter  is  not  reddened  by  aerial  acid 
(fixed  air);  yet  one  part  of  water,  saturated  with  aerial  acid,  renders  fiftj’’ 
parts  of  the  infusion  red.  B.  Tincture  of  Brazil-wood  becomes  blue  by 
alkalis,  and  is  sensible  to  less  than  one  grain  of  crystallized  soda  in  4000 
of  water.  C.  Turmeric,  either  on  paper,  or  in  watery  tincture,  is  a good, 
but  less  sensible,  test  for  alkalis,  which  render  it  brown.  D.  Tincture  of 
galls  discovers  iron  by  a purple  or  black  cloud.  E.  Prussiate  of  Potash 
produces  a blue  tinge  in  water  containing  a minute  portion  of  iron;  it 
also  precipitates  other  metals;  copper,  brown;  manganese,  white.  F. 
Sulphuric  acid  forms  a white  precipitate  in  all  solutions  containing  baryta. 
If  it  produce  bubbles,  it  indicates  some  combination  of  aerial  acid. 
Nitric  acid  is  highly  useful  for  showing  the  presence  of  sulphur,  which  it 
precipitates  from  hepatic  waters.  G.  Oxalic  acid  detects  the  minutest 
quantity  of  lime,  by  producing  a white  cloud,  either  immediately,  or  after 
some  hours.  This  test  shows  that  scarcely  any  water  is  free  from  lime; 
and  the  purest,  within  twenty-four  hours,  deposits  a portion  of  oxalate 
of  lime,  although  sometimes  so  sparingly  as  to  escape  observation,  unless 
lines  be  drawn  on  the  bottom  of  the  vessel  with  a glass  rod,  in  the  direc- 
tion of  which  the  precipitate  attaches  itself.  H.  Aerated  fixed  alkali 
throws  down  the  metals  and  earths;  if  the  substance  be  easily  soluble  in 
aerial  acid,  the  caustic  alkali  may  be  used.  I.  Aerated  volatile  alkali 
also  throws  down  earths  and  metals,  and  is  an  excellent  test  for  the 
presence  of  copper,  which  it  indicates  by  a blue  color,  more  or  less 
intense  according  to  the  quantity  of  alkali  added.  K.  Lime-water  detects 
aerial  acid,  by  a precipitate  of  aerated  lime.  L.  Muriate  of  baryta  forms 
an  insoluble  white  precipitate  in  water  containing  any  soluble  vitriolic 
salt;  twelve  grains  of  crystallized  Glaubers  salt,  dissolved  in  a kanne  of 
distilled  water  (about  three  quarts),  immediately  exhibits  white  striae  on 
the  application  of  this  test.  Even  one  grain  in  the  kanne  exhibits  a 
white  cloud  after  some  hours;  and  as  it  only  contains  0’26  grains  of 


* Mr.  Lane  was  the  first  who  ascer- 
tained the  solubility  of  iron  in  water  im- 
pregnated with  fixed  air. — Phil  Trans. 
1769.  “By  this  means,”  says  Sir  John 
Pringle,  in  his  discourse  on  the  different 
kinds  of  air,  delivered  at  the  anniversary 
meeting  of  the  Royal  Society,  November 
30,  1773,  “ the  nature  of  the-  metallic 


principle  in  mineral  waters  was  clearly 
explained,  and  the  whole  analysis  of 
those  celebrated  fountains,  so  often  at- 
tempted by  chemists  and  others,  and 
still  eluding  their  laboured  researches, 
was  thus,  in  the  most  simple  manner, 
brought  to  light.” 


Ixxii 


ORIGIN  AND  PROGRESS 


sulphuric  acid,  we  may  judge  of  the  nicety  of  this  precipitant,  which  even 
exceeds  turnsole  itself  in  sensibilty.  M.  Muriate  of  lime  may  be  used 
for  the  detection  of  fixed  alkali,  but  it  is  an  ambiguous  test,  because,  if 
sulphate  of  magnesia  be  present,  it  produces  gypsum.  N.  Solution  of 
alum  is  also  of  little  use,  though  occasionally  employed  as  a test  for 
alkalis.  O.  Nitrate  of  silver  is  a certain  and  delicate  indicator  of 
muriatic  acid  and  its  combinations.  A grain  of  common  salt,  in  a kanne 
of  water,  is  instantly  rendered  evident  by  white  streaks.  Under  some 
circumstances  it  may  also  form  a precipitate  with  sulphuric  acid,  but 
sulphate  of  silver  is  much  more  soluble  than  muriate;  thus,  no  visible 
turbidness  arises,  unless  the  kanne  of  water  contains  ninety-eight  grains 
of  Glauber’s  salt,  or  twenty-five  of  vitriolic  acid.  The  presence  of  hepatic 
air  renders  the  precipitate  of  silver  more  or  less  brown.  Alkalis,  lime, 
and  magnesia,  also  precipitate  nitrate  of  silver.  P.  Nitrate  of  mercury 
is  a prevaricating  test,  but  very  sensible  to  a variety  of  substances  that 
may  exist  in  mineral  waters.  As  Bergman  has  not  pointed  out  any 
particular  application,  in  which  this  salt  is  essential,  it  will  not  be 
necessary  to  follow  up  his  remarks  on  it,  though  in  other  respects  im- 
portant. Q.  Corrosive  sublimate ; R.  Acetate  of  lead ; S.  Sulphate  of 
iron;  and  T.  White  arsenic,  are  enumerated,  hut  their  utility  is 
dubious,  and  the  observations  upon  them  of  little  value  to  the  analyst. 
U.  Spirituous  solution  of  soap  is  useful  in  giving  general  indications 
of  the  purity  of  water,  which,  if  pure,  scarcely  renders  it  opalescent;  but, 
if  abounding  in  foreign  materials,  or  hard^  and  unfit  for  washing,  it 
produces  more  or  less  opacity  or  precipitation.  X.  Liver  of  sulphur  is 
affected  by  so  many  causes,  that  it  may  he  dispensed  with  in  the  exami- 
nation of  waters.  Y.  Alcohol  throws  down  such  salts  as  it  cannot 
dissolve,  especially  the  sulphates.  It  dissolves  many  muriates  and 
nitrates. 

I have  thus  enumerated  the  tests  recommended  by  Bergman,  and 
given  an  abridged  account  of  his  remarks  upon  them,  for  the  purpose  of 
showing  the  progress  which,  under  his  assistance,  Avas  made  in  Analytical 
Chemistry:  it  is  true  that  of  many  of  these  re-agents,  and  of  their  appli- 
cations, he  was  not  the  original  inventor;  hut  he  Avas  the  first  Avho 
shoAved  the  real  value  and  limits  of  the  indications  which  they  afford;  an 
effort  of  no  common  sagacity,  Avhen  we  revert  to  the  state  of  chemistry 
in  his  time. 

Proceeding  AAuth  the  analysis  of  mineral  Avaters,  Bergman  next  adverts 
to  the  gaseous  contents,  Avhich  may  be  expelled  by  heating  a given 
portion  of  the  Avater  in  a retort,  the  beak  of  Avhich  is  plunged  into  the 
mercurio  pneumatic  apparatus,  and  the  gas  secured  in  the  usual  Avay.  It 
commonly  consists  of  pure  air  and  aerial  acid;  the  latter  may  he  absorbed 
by  lime-Avater.  The  presence  of  hepatic  air  is  easily  recognised  by  its 
odor.  The  remaining  Avater  is  directed  to  be  evaporated  to  dryness, 
and  the  residue  Aveighed,  and  digested  in  pure  alcohol;  the  residue, 
insoluble  in  alcohol,  is  then  to  be  shaken  AAuth  eight  parts  of  cold  Avater; 
and  finally,  the  matters  Avhich  resist  the  action  of  alcohol  and  cold  Avater 
are  to  be  boiled  in  four  or  five  hundred  parts  of  distilled  Avater,  and  the 
solution  filtered.  The  ultimate  residuum  generally  contains  iron  and 
carbonate  of  lime,  or  perhaps  of  magnesia,  previously  suspended  by 
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carbonic  acid;  it  may  be  in  a few  instances  argillaceous  or  sllicious,  and 
perhaps  contains  manganese;  and  directions  are  given  at  length  for  its 
separate  analysis,  as  well  as  that  of  the  aqueous  and  alcoholic  solutions. 
It  is  here  that  Bergman  displays  an  ingenuity  and  accuracy  then  new  to 
chemical  science;  for,  in  measuring  his  merits  by  a true  estimate,  we  must 
go  back  to  the  state  of  Chemistry  at  his  time,  and  divest  ourselves  of  its 
modern  perfections  and  refinements;  then,  the  peculiar  and  genuine 
character  of  his  researches  will  become  prominent. 

Having,  in  the  paper  of  which  the  above  is  an  outline,  described  the 
general  principles  of  the  analysis  of  mineral  waters,  Bergman  proceeds, 
in  several  following  essays,  to  apply  them  to  individual  analyses;  and  his 
dissertations  on  the  waters  and  acidulous  spring  of  Upsal,  on  sea-water, 
and  on  the  artificial  preparation  of  hot  and  cold  medicated  waters,  each 
exhibit  proofs  of  his  skill  as  an  analyst,  and  accuracy  as  an  experi- 
menter; but,  although  these,  and  his  other  detached  essays,  are  excellent 
in  their  way,  we  must  here  pass  them  by,  in  order  to  examine  such  of 
his  contributions  as  tended  to  the  general  improvement  and  extension  of 
chemical  science ; among  these,  his  luminous  dissertation  on  Chemical 
Attraction*,  already  adverted  to,  is  pre-eminent;  and  the  twenty-fourth 
essay  in  the  second  volume  of  his  Opuscii/a^  entitled  De  Minerarum 
Docimasia  Humida  (on  the  Art  of  Assaying  in  the  Humid  Way,)  must 
be  considered  as  the  parent  source  of  that  branch  of  analytical  chemistry, 
so  successfully  followed  up,  though  upon  a limited  scale,  by  Sciieele, 
and  in  the  improvement  and  extension  of  which  Klaproth  passed  his 
long  and  laborious  life. 

It  must  be  premised,  that  the  assaip  or  analysis  of  minerals,  had,  with 
the  exception  of  the  experiments  of  Margraaf"!*,  hitherto  been  confined 
to  certain  operations  effected  by  the  aid  of  fire,  in  which,  except  in 


* De  Precipitatis  MetaUicis. 
t Among  those  whose  names  became 
eminent  in  the  history  of  chemical  science 
during  the  first  half  of  the  eighteenth 
century,  ^Margraaf  is  entitled  to  parti- 
cular mention.  He  was  born  at  Berlin, 
in  1700,  where  he  died  in  1782.  He  was 
a pupil  of  the  once-celebrated  Neumann, 
a man  whose  works  are  now  not  much 
thought  of,  but  who  did  considerable 
service  to  the  chemistry  of  Ids  day. 
Caspar  Neumann  was  born  at  Zullichau, 
in  Prussia,  in  1G82;  and  in  1705  we  find 
him  enjoying  the  patronage  of  the  King 
of  Prussia,  by  whom  he  was  sent  to  com- 
plete his  studies  at  the  University  of 
Halle.  In  I7II  he  became  a pupil 
of  Boerhaave,  and  shortly  after  visited 
England,  whence  he  accompanied 
George  I.  to  Hanover,  in  I7IC.  In  1723 
he  became  Professor  of  Practical  Che- 
mistry in  the  lloyal  College  of  Berlin, 
where  he  died  in  1737.  His  works  con- 
sist chiefly  in  dissertations  on  various 
subjects  of  chemical  incpiiry,  published 
in  the  Transactions  of  the  Royal  Society, 


and  in  tlie  Miscellanea  Berolinensia.  His 
Lectures  were  not  printed  till  after  his 
death,  and  proved  a valuable  magazine 
of  chemical  knowledge.  The  author,” 
says  Dr.  Lewis,  who  edited  his  works, 
“ biassed  by  no  theory,  and  attached  to 
no  opinions,  has  incpured  by  experiment 
into  the  proportions  and  uses  of  the  most 
considerable  natural  and  artificial  pro- 
ductions, and  the  preparations  of  the 
principal  commodities  which  depend  on 
chemistry,  and  seems  to  have  candidly 
and  without  reserve  communicated  all 
he  discovered.” 

In  1733,  JMargraaf  pursued  chemistry 
under  .Iimcker,  at  Halle,  and,  having 
returned  to  Berlin,  in  1738,  we  find  se- 
veral of  Ids  contributions  in  the  Trans- 
actions of  the  Scientific  Society,  of  that 
capital.  Subsequent  to  that  period  his 
works  were  collected  and  published  at 
Paris  in  17G2.  They  contain  a great 
body  of  information,  at  that  time  novel 
and  important,  but  they  are  chiefly  en- 
titled to  notice,  as  furnishing  specimens 
of  the  art  of  analysis. 
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common  and  obvious  cases,  their  nature  was  rather  guessed  at  than 
demonstrated.  This  art  had  its  origin  in  the  sixteenth  century;  and  in 
1576  the  celebrated  work  of  Agricola  brought  before  the  public  all  that 
was  important  in  relation  to  it,  describing  the  instruments  and  processes 
with  scrupulous  and  minute  accuracy,  and  illustrating  them  by  a curious 
collection  of  cuts.  Agricola  was  succeeded  by  Lazarus  Erckern, 
whose  work  on  the  docimastic  art  is  much  eulogized  by  Boerhaave. 
In  the  above-named  essay,  Bergman  points  out  the  fallacies  and  imper- 
fections to  which  igneous  analysis  is  liable,  and  dwells  upon  the  advan- 
tage of  operating  in  the  humid  way,  that  is,  by  solvents  and  precipitants. 
He  then  proceeds  to  separate  examinations  of  various  metallic  ores,  as 
illustrations  of  his  new  method.  Many  of  the  conclusions  and  reasonings 
contained  in  this  essay,  are  founded  upon  the  details  of  the  preceding  one, 
on  Metallic  Precipitates.  “ He,”  says  our  author,  “ who  first  saw  the 
corrosion  of  a metal  by  a limpid  liquid,  who  beheld  the  opaque  and  pon- 
derous body  gradually  disappear,  and  become  a part  of  a transparent  and 
apparently  homogeneous  fluid,  and  who  saw  the  same  metal  reappear  upon 
the  addition  of  a proper  precipitant,  must  have  been  infinitely  surprised, 
and  struck  with  admiration  of  the  occult  powers  of  nature.  But  because 
we  are  accustomed  to  these  phenomena,  we  neglect  inquiring  into  their 
causes,  though  of  the  utmost  importance,  as  forming  the  entire  basis  of 
practical  chemistry.  Such  phenomena  are  so  varied  and  intricate  that 
volumes  would  be  insufiicient  for  their  complete  discussion;  so  that  I pro- 
pose to  limit  my  observations  to  the  separation  of  metals  from  acids,  and 
to  the  particular  consideration  of  the  weights  of  the  precipitates”  Then, 
after  a luminous  summary  of  the  general  phenomena  of  the  solution  of 
metals,  he  advances  a series  of  facts  relating  to  their  precipitation;  he 
shows  that  the  caustic  fixed  alkalis  occasion  precipitates  of  the  calces^ 
but  loaded  with  water,  by  which  their  weight  is  much  increased:  that 
carbonated  alkali  precipitates  carbonated  oxides,  by  double  decomposition  : 
that  certain  acids,  which  form  insoluble  compounds  with  metals,  throw 
them  down  from  their  soluble  compounds:  that  certain  salts  act  in  the 
same  way,  by  double  elective  attraction;  and  that  in  some  cases  triple 
combinations  ensue,  as  when  platinum  is  precipitated  by  sal  ammoniac. 
He  then  adverts  to  the  decomposition  of  one  metallic  salt  by  another, 
even  where  the  acid  is  the  same  in  both.  Thus,  sulphate  of  iron  and 
muriate  of  tin  decompose  muriate  of  gold.  The  metals  also  precipitate 
one  another  after  a certain  order,  which  is  the  same  in  all  acid  solvents, 
and  effected  by  double  elective  attraction,  “for  the  metal  to  be  precipi- 
tated exists  in  the  solution  in  a calcined  state;  but,  being  reduced  by  the 
phlogiston  of  the  precipitant,  falls  to  the  bottom;  while  the  precipitant, 
being  calcined,  becomes  soluble.  Although,”  he  says,  “ many  anomalous 
circumstances  occur  in  this  matter,  the  order  is  constant,  and  never 
inverted.”  The  fifth  section  of  this  paper  explains  the  use  of  tests  for 
discriminating  the  metals,  pointing  out  the. colors  of  metallic  precipitates. 
“ Gold  and  platinum  are  only  in  part  separated  from  acids  by  the  alkalis. 
Nitrate  of  silver  affords  a brown  precipitate  with  caustic,  and  a white 
with  aerated  soda,  and  with  muriatic  acid.  Solution  of  nitrate  of  mer- 
cury gives  a red  precipitate  with  carbonated,  and  a yellowish,  or  orange, 
with  caustic  alkali.  The  latter  is  black,  if  the  solution  be  prepared 
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without  heat.  Nitrate  of  lead  is  precipitated,  white  by  caustic  alkali,  an 
excess  of  which  re-dissolves  the  precipitate.  Nitrate  of  copper  gives  a 
bright-green  compound  with  aerated,  and  brown  with  phlogisticated 
alkali  (prussiate  of  potash).  Iron  is  thrown  down  green  by  aerated 
alkali,  and  the  precipitate,  on  exsiccation,  becomes  brownish-yellow.  Tin 
gives  a white  cloud  with  all  the  alkalis ; bismuth,  white  with  water  and 
alkalis;  nickel,  greenish-white  with  alkalis  and  prussiate  of  potash;  zinc 
and  antimony,  white  with  all  alkalis.” 

Such  is  a short  abstract  of  the  contents  of  this  section,  which,  although 
obscured  by  the  language  of  the  old  school,  and  therefore  scarcely,  per- 
haps, intelligible  to  the  chemical  student  of  the  present  clay,  abounds  in 
useful  and  perspicuous  details:  it  is  followed  by  the  concluding  section, 
containing  a table  of  the  relative  weights  of  precipitates,  procured  in  dif- 
ferent ways,  from  a solution  of  one  hundred  parts  of  metals;  and,  as 
Bergman  observes,  “ this  table,  upon  proper  examination,  reveals  many 
mysteries.”  It  seems  to  have  been  the  general  opinion  at  this  period, 
that  the  relative  weights  of  precipitates  were  in  all  cases  the  same;  that 
is,  one  hundred  parts  of  lead,  for  instance,  dissolved  by  nitric  acid, 
and  precipitated  by  caustic,  aerated,  and  phlogisticated  alkali,  and  by 
sulphuric  acid,  would  furnish  an  equal  weight  of  precipitate  in  each  in- 
dividual instance.  Our  author  has  shown  the  fallacy  of  this  opinion; 
and  demonstrates  the  difference  of  weights  to  depend  upon  the  different 
proportions  of  the  precipitant  contained  in  the  precipitate,  and  upon  the 
occasional  retention  of  a portion  of  the  solvent.  The  list  of  precipitates 
annexed  to  this  paper,  will  disclose,  to  the  attentive  observer,  principles 
analogous  to  those  exhibited  by  the  tables  of  Richter,  and  upon  which 
one  of  the  main  pillars  of  the  theory  of  definite  proportions  may  be  said 
to  rest. 

Bergman’s  essay  on  fixed  air,  or  as  he  calls  it,  aerial  acid^  is  the  last 
of  which  I shall  make  any  particular  mention.  His  chief  experiments  on 
this  subject  were  probably  made  about  the  year  1770.  The  dissertation 
I am  now  quoting  was  read,  in  1774,  before  the  Royal  Society  of  Sciences 
at  Upsal,  and  is  printed  in  their  TransactioJis  1775.  After  describing 
the  several  methods  of  obtaining  fixed  air,  by  the  action  of  acids  upon 
carbonates,  by  submitting  them  to  a red  heat,  and  by  fermentation,  he 
proceeds  to  define  the  meaning  of  the  word  acid^  in  order  to  show  that 
fixed  air  belongs  to  that  class  of  bodies;  that  it  is  soluble  in  water,  that 
it  has  a sour  taste,  reddens  turnsole,  and  unites  to,  and  forms  crystallizable 
compounds  with  alkalis,  destroying  at  the  same  time  their  causticity. 
He  detected  this  acid  in  the  marmor  melalliciim  of  Cronstedt  (carbonate 
of  baryta),  and  observed  the  rapidity  with  which  baryta-water  absorbs 
carbonic  acid  from  the  air,  forming  an  effervescent  precipitate.  Speaking 
of  the  action  of  carbonic  acid  upon  lime,  he  gives  a masterly  sketch  of 
the  principal  facts  relating  to  the  composition  and  decomposition  of  the 
carbonate  of  lime:  he  shows  the  solubility  of  calcareous  spar  in  water 
impregnated  with  fixed  air,  and  its  subsequent  deposition,  often  in  small 
crystals;  and  the  same  property  is  also  proved  to  belong  to  magnesia. 
Bergman  then  goes  on  to  discuss  the  elective  attractions  of  fixed  air,  of 
which  he  gives  the  following  table: — 


Ixxvi 


ORIGIN  AND  PROGRESS 


Aerial  Acid. 

Pure  terra  ponderosa. 

lime. 

fixed  vegetable  alkali. 

fixed  mineral  alkali. 

magnesia. 

— volatile  alkali. 

Zinc. 

Manganese. 

Iron. 


He  says  it  appears  to  be  tbe  weakest  acid 
known,  for  it  is  expelled  not  only  by  vinegar, 
but  by  the  phlogisticated  acids  of  nitre  and  of 
vitriol  (nitrous  and  sulphurous  acids);  yet  he 
observes  that  acetate  of  lead  is  decomposed  by 
carbonic  acid,  which  appears  an  anomaly,  and 
suggests  a question  which  he  leaves  undecided 
till  experiment  shall  have  enabled  him  to  ex- 
plain it.  The  acid  properties  of  fixed  air  are 
next  dwelt  upon,  and  the  probability  of  its 
acidity  resulting  from  foreign  matter  nega- 
tived; for  when  “rightly  depurated,  though  extricated  by  the  most 
different  means  from  the  most  different  materials,  whether  by  fire  or  by 
solution,  it  is  nevertheless  always  the  same,  and  always  acid.  I con- 
clude, therefore,  with  all  the  certainty  attainable  in  physics,  that  acidity 
is  a property  essential  to  that  elastic  fluid.”  From  the  imperfection  of 
apparatus,  Bergman  erred  a good  deal  in  calculating  the  specific  gravity 
of  fixed  air;  he,  however,  proved  it  heavier  than  atmospheric  air,  and 
thence  accounts  for  its  lodging  in  low  situations,  as  in  pits  and  grots: 
it  is  also  shown  to  extinguish  flame. 

The  essays  which  I have  now  quoted,  and  which  may  be  taken  as  a 
fair  sample  of  his  method  of  investigation,  exhibit  Bergman  in  the  light 
of  a true  philosopher,  employing  hypothesis  as  the  precursor,  and  not 
the  substitute  of  experiment ; countenancing  no  theory  but  such  as  admits 
of  rigid  demonstration ; advancing  no  favorite  doctrines  nor  hasty  spe- 
culations; but  always  the  candid  narrator  of  facts.  As  the  repeater  of  the 
experiments  of  others,  he  measures  and  weighs  their  conclusions,  and 
assigns  them  their  proper  place  in  the  history  of  science.  When  in  the 
character  of  an  original  inquirer,  he  kindles  the  torch  of  experiment, 
and  never  advances  beyond  the  boundary  of  its  light.  He  seems  pro- 
foundly to  have  admired  Newton,  and  to  have  endeavoured  to  transfuse 
bis  methods  of  investigation  into  chemistiy.  “ That  illustrious  per- 
sonage,” he  says,  “ having  solicitously  accumulated  facts,  examined  them 
with  accuracy,  and  compared  them  with  acuteness;  from  effects  he 
advances  to  causes,  and  thence  deduces  the  laws  of  the  creation.  His 
progress,  though  slow,  is  certain ; and  his  method,  though  tedious,  is 
continually  unveiling  the  mysteries  of  nature.  An  edifice  thus  con- 
structed acquires  firmness  by  elevation,  for  its  foundations  are  solid  and 
permanent."’ 

There  is  more  method  in  Bergman  than  in  any  r»itecedent  chemical 
Avriter;  his  researches  appear  always  to  have  been  made  Avith  an  object 
in  vieAv;  and  there  is  an  unity  of  design  in  his  philosophical  papers, 
AA'hich  pleasingly  distinguishes  them  from  the  undigested  chaos  of  experi- 
ments and  observations  Avhich  we  are  obliged  to  Avade  through  in  many 
preceding  authors. 

Bergman  had  many  celebrated  successors  in  analytical  chemistry,  as 
applied  to  mineral  substances;  among  these,  Klaproth  and  Yauquelin 
have  especially  contributed  to  the  progress  of  this  branch  of  the  science. 
Martin  Henry  Klaproth,  Avas  born  at  ATernigerode,  in  Prussia,  on  the 
1st  of  December,  1743;  and  died  at  Berlin  on  the  1st  of  January,  1817* 
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He  was  an  excellent  man,  and  a diligent  and  accurate  analyst;  he  was 
a pupil  of  Rose  of  Berlin,  who  died  in  177L  lie  published  a variety  of 
important  papers  in  periodical  [works;  and  in  1795  collected  them, 
under  the  title  of  Beilrage  ziir  Chennschcr  Kentniss  der  Mmeralkorper^ 
(contributions  towards  the  chemical  knowledge  of  mineral  substances.) 
Of  this  work,  consisting  of  six  volumes,  the  last  was  published  in  1815; 
it  contains  no  less  than  two  hundred  and  seven  essays^. 

Vauquelin,  who  died,  at  an  advanced  age  in  Paris,  in  1829,  was 
originally  a peasant  boy  of  Normandy.  He  was  employed  in  Fourcroy’s 
laboratory,  where  he  not  only  acquired  great  dexterity  in  the  ordinary 
duties  of  his  situation,  but  became  an  expert  and  original  analyst;  he 
afterwards  rose  to  high  eminence  in  his  profession,  and  his  numerous  and 
important  contributions  and  discoveries  are  lasting  monuments  of  his 
skill  and  industry. 

Among  the  mineral  analysts  and  improvers  of  analytical  chemistry  in 
this  country,  Ciienevix  deserves  honourable  mention.  The  following 
brief  account  of  his  contributions,  and  of  the  curious  and  mysterious  con- 
troversy respecting  Palladium,  in  which  he  was  at  one  time  involved,  I 
copy  from  Dr.  Thomson’s  History  of  Chemistry ^ vol.  ii.,  p.  215. 

“ Mr.  Chenevix  deserves  also  to  be  mentioned  as  an  improver  of 
analytical  chemistry.  He  was  an  Irish  gentleman,  Avho  happened  to  be 
in  Paris  during  the  reign  of  terror,  and  was  throwm  into  prison,  and  put 
into  the  same  apartment  with  several  French  chemists,  whose  whole  con- 
versation turned  upon  chemical  subjects.  He  caught  the  infection,  and, 
after  getting  out  of  prison,  began  to  study  the  subject  with  much  energy 
and  success,  and  soon  distinguished  himself  as  an  analytical  chemist. 
His  analysis  of  corundum  and  sapphire,  and  his  observations  on  the 
affinity  between  magnesia  and  silica,  are  valuable,  and  led  to  considerable 
improvements  in  the  method  of  analysis.  His  analyses  of  the  arseniates 
of  copper,  though  he  demonstrated  that  several  different  species  exist,  are 
not  so  much  to  be  depended  on  ; because  his  method  of  separating  and 
estimating  the  quantity  of  arsenic  acid  is  not  good.  This  difficult  branch 
of  analysis  was  not  fully  understood  till  afterwards.  Chenevix  was  for 
several  years  a most  laborious  and  meritorious  chemical  experimenter.  It 
is  much  to  be  regretted  that  he  should  have  been  induced,  in  consequence 
of  the  mistake  into  which  he  fell  respecting  palladium,  to  abandon 
chemistry  altogether.  Palladium  was  originally  made  known  to  the  public 
by  an  anonymous  handbill  Avhicli  was  circulated  in  London,  announcing 
that  pailadmm^  or  new  silver,  Avas  on  sale  at  Mrs.  Forster’s,  and  describing 
its  properties.  Chenevix,  in  consequence  of  the  unusual  AAmy  in  Avhich 
the  discovery  Avas  announced,  naturally  considered  it  as  an  imposition  on 
the  public.  He  Avent  to  Mrs.  Forster’s,  and  purchased  the  Avhole  palla- 
dium in  her  possession,  and  set  about  examining  it,  prepossessed  Avitli  the 
idea  that  it  Avas  an  alloy  of  some  two  knOAvn  metals.  After  a laborious 


* Professor  Frederick  Stromeyer  of 
Gottingen,  avIio  died  in  1835,  Avas  a 
chemist  of  most  distinguished  analytical 
attainments,  and  deserves  to  be  espe- 
cially mentioned  as  one  of  the  successful 
folloAvers  of  the  methods  chalked  out  by 
Klaproth,  lie  Avas  Inspector-general  of 


the  Apothecaries  for  the  Kingdom  of 
Hanover ; and  it  AA'as  in  discharging  the 
duties  of  that  office  that  he  AV'as  led  to 
notice  certain  peculiarities  in  the  oxide 

of  zinc,  prepared  for  pharmaceutical  uses  : 
his  further  inquiries  on  this  subject  ter- 
minated in  the  discovery  of  cadmium. 
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set  of  experiments,  he  considered  that  he  had  ascertained  it  to  he  a com- 
pound of  platinum  and  mercury,  or  an  amalgam  of  platinum  made  in  a 
peculiar  way,  which  he  describes.  This  paper  was  read  at  a meeting  of 
the  Royal  Society  by  Dr,  Wollaston,  who  was  Secretary,  and  afterwards 
published  in  their  Transactions.  Soon  after  this  publication,  another 
handbill  was  circulated,  offering  a considerable  price  for  every  grain  of 
palladium  made  by  Mr.  Chevenix’s  process,  or  by  any  other  process  what- 
ever. No  person  appearing  to  claim  the  money  thus  offered.  Dr.  Wollas- 
ton, about  a year  after,  in  a paper  read  to  the  Royal  Society,  acknowledged 
himself  to  have  been  the  discoverer  of  palladium,  and  related  ther  process 
by  which  he  had  obtained  it  from  the  solution  of  crude  platina  in  aqua 
regia.  There  could  be  no  doubt  after  this,  that  palladium  was  a peculiar 
metal,  and  that  Chenevix,  in  his  experiments,  had  fallen  into  some  mis- 
take, probably  by  inadvertently  employing  a solution  of  palladium,  instead 
of  a solution  of  his  amalgam  of  platinum;  and  thus  giving  the  properties 
of  the  one  solution  to  the  other.  It  is  very  much  to  be  regretted  that 
Dr.  AVollaston  allowed  Mr.  Chenevix’s  paper  to  be  printed,  without  inform- 
ing him,  in  the  first  place,  of  the  true  history  of  jDalladium;  and  I think 
that  if  he  had  been  aware  of  the  bad  consequences  that  were  to  follow,  and 
that  it  would  ultimately  occasion  the  loss  of  Mr.  Chenevix  to  the  science, 
he  ^would  have  acted  in  a different  manner.  I have  more  than  once 
conversed  with  Dr.  Wollaston  on  the  subject,  and  he  assured  me  that  he 
did  everything  that  he  could  do,  short  of  betraying  his  secret,  to  prevent 
Mr.  Chenevix  from  publishing  his  paper ; that  he  had  called  upon,  and 
assured  him,  that  he  himself  had  attempted  his  process  without  being 
able  to  succeed,  and  that  he  was  satisfied  that  he  had  fallen  into  some 
mistake.  As  Mr.  Chenevix  still  persisted  in  his  conviction  of  the  accu- 
racy of  his  own  experiments  after  repeated  warnings,  perhaps  it  is  not  very 
surprising  that  Dr.  Wollaston  allowed  him  to  publish  his  paper;  though, 
had  he  been  aware  of  the  consequences  to  their  full  extent,  I am  persuaded 
that  he  would  not  have  done  so.  It  comes  to  be  a question  whether,  had 
Dr.  Wollaston  informed  him  of  the  whole  secret,  Mr.  Chenevix  would 
have  been  convinced.’' 

The  Honourable  Edward  Howard  also  deserves  a place  among  those 
eminent  for  their  contributions  to  analytical  chemistry.  He  was  the  first 
who  accurately  examined  meteoric  stones,  and  showed  their  identity  from 
various  places.  (Phil.  Trans. ^ 1802.) 

§ XII. 

Bergman  was  followed  by  two  great  and  contemporary  luminaries  of 
chemical  science,  Cavendish*,  and  Scheele;  and  though  each  attained 
distinction,  they  reached  it  by  very  different  roads;  showing  the  little 
influence  of  external  circumstances  upon  the  growth  of  inherent  genius. 
The  former  was  a leading  person  in  tlie  scientific  circles  of  London;  of 
noble  family,  and  princely  affluence.  The  latter,  of  humble  origin  and 
with  limited  means,  made  up  for  the  deficiencies  of  place  and  fortune  by 
zeal  and  economy,  and,  in  the  retirement  of  a Swedish  village,  raised  a 
reputation  that  soon  extended  itself  over  Europe.  In  private  life, 

* Born  in  London,  1731;  died  at  Clapham,  1810. 
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Cavendish  was  unambitious,  unassuming,  bashful,  and  reserved;  lie  was 
peevishly  impatient  of  the  inconveniences  of  eminence;  he  detested  flat- 
tery, and  was  uneasy  under  merited  praise:  he  therefore  shunned  general 
society,  and  was  only  familiar  in  a very  limited  circle  of  friends.  He 
Avas  in  the  habit  of  dining  every  Thursday  at  the  Royal  Society  Club,  and 
there  he  always  bore  his  faculties  meekly;  his  conversation  Avas  varied 
and  instructive;  upon  all  subjects  of  science  he  Avas  at  once  luminous  and 
profound ; and  in  discussion,  AAmnderfully  acute. 

jMr.  Cavendish  made  tAvo  capital  discoveries;  one  of  Avhich,  that  of 
the  composition  of  nitric  acid,  has  already  been  adverted  to,  and  arose 
out  of  his  researches  on  hydrogen,  and  on  the  products  of  its  combustion, 
Avhicli  terminated  in  ascertaining  the  composition  of  Avater.  His  first 
communication  to  the  Royal  Society  relates  to  the  analysis  of  the  AA^aters 
of  Rathbone  Place,  and  contains  nothing  Avorthy  of  particular  notice.  In 
177f>5  he  presented  the  same  learned  body  Avith  a dissertation  on  Inflam- 
mable, Fixed,  and  Nitrous  Air,  printed  in  the  Philosophical  Transaciions 
for  the  same  year,  and  full  of  important  and  original  matter.  Though  his 
observations  on  fixed  and  on  nitrous  air  Avere  highly  valuable,  he  had  here 
been  anticipated  in  some  respects,  and  contemporary  chemists  Avere  on 
most  points  his  successful  rivals;  but  his  investigations  relating  to  the 
properties  of  hydrogen  Avere  entirely  his  own;  for,  although  it  Avas  knoAvn 
to  others  that  that  gas  Avas  generated  by  the  action  of  certain  acids  on 
certain  metals;  though  Mayoav  had  collected  it,  and  Hales  proved  its 
combustibility;  it  may  safely  be  asserted,  that  the  phenomena  of  its  pro- 
duction had  entirely  escaped  attention,  and  that  its  principal  properties 
Avere  previously  unknoAvn.  Cavendish  sIioavs  that  different  metals  afford 
different  quantities  of  hydrogen;  thus  zinc  yielded  more  than  iron,  and 
iron  more  than  tin;  and  further,  that  the  state  of  dilution  and  quantity 
of  the  acid,  provided  there  Avas  enough  to  dissolve  the  metal,  did  not 
affect  either  the  quantity  or  quality  of  the  air.  In  examining  its  pro- 
perties, our  author  observed  that  it  extinguished  flame,  destroyed  animal 
life,  and  burned,  AAdien  pure,  Avith  a pale  blue  flame ; he  determined  its 
specific  gravity,  and  found  it  Avas  the  lightest  of  all  ponderable  matter; 
hence  its  subsequent  suggestion  by  Dr.  Black,  and  Mr.  Cavallo,  as  a 
substitute  for  rarefied  air,  in  the  balloon;  the  former  indeed  failed  in  its 
application,  and  the  latter  only  succeeded  in  the  pretty  experiment  of 
elevating  soap-bubbles  by  inflating  them  Avith  hydrogen ; he  tried  blad- 
ders, but  the  thinnest  Avere  too  heavy;  and  tissue  paper  Avas  permeable  to 
the  gas;  it  is  singular  he  did  not  think  of  gold-beaters’  skin,  which,  for 
similar  purposes,  had  been  recommended  tAvo  centuries  before,  by 
Scaliger  the  grammarian^. 

The  first  ascent  in  a balloon  filled  Avitli  hydrogen,  was  made  on  the  1st 
of  December,  17^3,  by  Messrs.  Charles  and  Robert,  at  Paris.  In  an 
hour  and  three-quarters,  they  alighted  on  the  meadoAV  of  Nesle,  tAventy- 
five  miles  from  the  metropolis;  and  finding  that  the  silk  globe  still  retained 
great  buoyant  power,  M.  Charles  ventured  alone  upon  a second  ascent. 
The  sun  had  set,  and  tlie  shades  of  evening  were  gradually  condensing 
into  the  darkness  of  night;  but  his  courage  Avas  reAvarded  by  a most 
novel  and  sublime  spectacle.  He  shot  upwards  Avith  such  celerity  as  to 

* Supplement  to  Encyclopedia  Britannica,  Art,  Aeronautics. 
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have  attained  the  height  of  two  miles  in  about  ten  minutes.  The  sun 
rose  again  to  him  in  full  orb,  and  from  his  lofty  station  he  contemplated 
the  fading  luminary,  and  watched  its  parting  beams  till  it  once  more 
sunk  below  the  horizon.  The  vapors  rising  from  the  earth  collected 
into  clouds,  and  veiled  it  from  his  sight,  while  the  pale  rays  of  the  moon 
scattered  gleams  of  various  hues  over  the  fantastic  and  changing  forms. 
The  region  in  which  the  aeronaut  now  hovered  was  extremely  cold;  the 
balloon  appeared  fully  distended,  and  upon  opening  the  valve,  the  gas 
rushed  out  like  a misty  vapour  into  the  external  air.  Prudence  forbade 
this  bold  voyager  to  remain  longer  in  such  a situation ; slowly  therefore 
descending,  he  alighted  in  safety  near  the  forest  of  Tour  du  Lay,  having 
travelled  about  nine  miles  in  thirty-five  minutes.  The  barometer,  at  the 
greatest  elevation,  fell  to  20‘05  inches,  and  the  thermometer  sunk  to  21° 
Fahrenheit;  he  therefore  appears  to  have  ascended  to  about  9,700  feet 
above  the  level  of  the  sea. 

The  balloon  has  unfortunately  proved  but  an  abortive  instrument  in 
the  hands  of  science.  Messrs.  Biot  and  Gay-Lussac  embarked  from 
Paris  on  the  23rd  of  August,  1804,  upon  an  aerial  excursion  devoted 
entirely  to  scientific  inquiry.  At  the  height  of  13,000  feet,  no  peculiarity 
appeared  to  attach  to  electric  or  magnetic  phenomena.  On  the  5th  of 
the  following  September,  Gay-Lussac  undertook  a second  voyage  alone, 
and  attained  the  enormous  height  of  23,040  feet  above  the  sea.  Here 
he  experienced  excessive  cold,  his  breathing  was  oppressed,  and  the  pulse 
quickened ; he,  however,  did  not  suffer  the  peril  of  his  situation,  or  the 
peculiarities  of  his  sensations,  to  distract  his  attention,  and  made  several 
magnetic,  electric,  and  hygrometric  observations,  without  either  novel  or 
interesting  results.  Having  alighted  in  safety  in  the  neighbourhood  of 
Rouen,  he  returned  to  Paris,  and  in  the  presence  of  M.  Thenard,  analyzed 
the  air  brought  from  the  upper  regions,  wdiich  proved  analogous  in  com- 
position to  that  at  the  surface  of  the  earth. 

To  return  to  Cavendish:  having  determined  the  specific  gravity,  and 
other  abstract  properties  of  hydrogen  gas,  he  proceeded  to  examine  the 
results  of  its  combustion,  and  found  that,  wLen  mixed  in  certain  propor- 
tions w'ith  atmospheric  air,  it  exploded  on  the  contact  of  flame,  and 
deposited  moisture  in  the  vessel  used  for  the  experiment,  a circumstance 
first  noticed  by  Macquer  in  1766,  and  distinctly  referred  by  Watt  to  the 
production  of  water  in  1783.  The  experimental  proofs,  how’ever,  w^ere 
still  insufiicient,  and  were  supplied  by  Cavendish,  in  a paper  given  to 
the  Royal  Society  in  1784.  He  found  that  a stream  of  pure  hydrogen, 
burned  either  in  air  or  oxygen,  produced  a vapor  condensible  into  pure 
w^ater.  The  same  product  resulted  from  the  rapid  combustion  of  a mix- 
ture of  inflammable  and  dephlogisticated  airs  (hydrogen  and  oxygen 
gases).  These  experiments  were  subsequently  verified  by  analytical 
researches:  water  was  decomposed  by  Lavoisier,  by  passing  steam 
through  a red-hot  tube  containing  iron,  which  absorbs  its  oxygen,  and 
pure  hydrogen  is  liberated  in  the  gaseous  form.  The  decomposing  ener- 
gies of  electricity  have  also  been  applied  to  this  fluid,  and  it  is  found 
uniformly  to  be  resolved  into  one  volume  of  oxygen  and  tw^o  of  hydrogen, 
wdiich  disappear  on  passing  an  electric  spark  through  the  mixture,  and 
are  converted  into  their  weight  of  pure  w^ater. 
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Tins  discovery  of  tlie  composition  of  water,  jointly  due  to  Cavendish 
and  Watt,  was  a great  step  in  cliemical  science,  for  it  developed  the 
hidden  cause  of  many  important  phenomena  of  art  and  nature:  no  won- 
der, then,  that  the  attention  of  theorists  was  especially  fixed  upon  it, 
some  applying  it  to  the  explication  of  all  difficulties;  others  rejecting  even 
legitimate  conclusions,  and  unwilling  to  strike  this  favorite  element  from 
the  list  of  simple  bodies. 

Cavendish  was  an  enemy  to  the  new  Nomenclature  of  chemistry,  and 
W'as  fond  of  foretelling  its  downfall;  he  disliked  all  innovations  that  were 
not  rendered  absolutely  necessary  by  the  progress  of  experiment;  and 
would  never  adopt  new  opinions,  till  fully  and  leisurely  convinced  of  the 
fallacy  of  old  ones. 

While  Cavendish  was  thus  extending  the  boundaries  of  chemical 
science,  Scheele*  was  diligently  employed  in  similar  pursuits,  under 
the  patronage  and  guidance  of  Bergman,  of  whom  it  has  been  em- 
phatically said,  “ that  his  greatest  discovery  was  the  discovery  of 
Scheele,”  for  he  was  the  first  to  remark  his  promising  genius,  and  rising 
merit. 

Sciieele’s  publication,  entitled  Chemical  Observations  and  Experiments 
on  Air  and  Fire^  is  prefaced  by  an  Introduction  from  the  pen  of  his 
patron  Bergman,  setting  forth  the  advantages  of  experimental  science, 
and  the  benefits  likely  to  result  from  the  application  of  chemistry  to  the 
treatment  and  cure  of  diseases.  Finding  air  necessary  for  the  production 
of  fire,  Sciieele  first  turned  his  attention  to  its  analysis:  he  found  that 
solution  of  liver  of  sulphur,  and  certain  other  sulphureous  compounds, 
occasioned  a diminution  in  the  bulk  of  air  to  which  they  were  exposed, 
equal  to  about  one  part  in  five;  the  flame  of  hydrogen,  and  that  of  sul- 
phur, caused  a similar  decrease  of  bulk  in  air  standing  over  water;  and 
lime-water  not  being  rendered  in  either  case  turbid  by  the  residuum,  no 
fixed  air  was  formed.  He  then  obtains  empyreal  ah\  (oxygen,)  by  the 
decomposition  of  nitric  acid,  and  other  processes;  describes  the  method  of 
transferring,  collecting,  and  examining  the  gases;  and  endeavours  to  prove 
that  heat  is  a compound  of  empyreal  air  and  phlogiston ; he  also  shows, 
by  a direct  experiment,  that  the  absorption  occasioned  in  atmospheric  air 
by  liver  of  sulphur,  is  referable  to  the  abstraction  of  its  empyreal  portion ; 
that  it  totally  absorbs  empyreal  air;  and  that  upon  adding  to  the  residuary 
portion  of  atmospheric  air,  a quantity  of  empyreal  air  equal  to  that 
absorbed  by  the  sulphureous  liquor,  an  air  is  again  compounded,  similar  in 
all  respects  to  that  of  the  atmosphere.  The  identity  of  these  investigations 


* Scheele  is  among  the  fortunate  few, 
who,  starting  from  an  obscure  original, 
have  attained  the  zenith  of  scientific  emi- 
nence. He  was  horn  in  1742,  at  Stral- 
sund,  where  his  father  was  a tradesman. 
His  youthful  days  were  passed  in  the 
house  of  an  apothecary  at  Gottenburgh, 
where,  by  singular  perseverance,  and 
that  kind  of  industry  which  is  prompted 
by  strong  natural  inclination, he  acquired 
a valuable  stock  of  chemical  information. 
In  1773,  having  removed  to  Upsal,  acci- 
dent brought  him  acquainted  with  Berg- 


man, who  became  his  friend  and  patron, 
and  to  whose  honor  be  it  told,  that, 
when  Scheele’s  reputation  afterwards 
rose  to  such  a height  as  threatened  to 
eclipse  his  own,  instead  of  listening  to 
the  voice  of  jealousy,  which,  on  such 
occasions,  is  too  common  a frailty,  he  be- 
came more  zealous  in  behalf  of  his  rival, 
and  more  indefatigable  in  the  service  of 
his  friend.  Scheele  afterwards  removed 
to  Kdping,  in  the  neighbourhood  of 
Stockholm,  where  he  died  in  178G. 
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with  those  of  Priestley,  ■will  not  fail  of  being  observed ; but  it  must  be 
recollected  that  they  were  entirely  independent;  and  that  although 
Priestley  was  in  the  field  a little  before  him,  Scheele  was  unacquainted 
with  his  proceedings. 

The  details  concerning  the  nature  of  air,  are  followed  by  an  inquiry 
into  the  properties  of  Heat  and  Light,  which,  though  somewhat  tainted  by 
false  theory,  bears  the  stamp  of  an  able  and  original  mind.  Adverting 
to  the  reflection  of  the  rays  from  a common  fire,  by  a concave  metallic 
mirror,  he  remarks,  that  they  passed  in  straight  lines,  without  suffering 
any  derangement  from  currents  or  undulations  in  the  atmosphere  which 
they  traverse;  that  glass  intercepts  the  heat,  but  not  the  light;  that  a 
mirror  of  glass  reflects  the  light,  but  absorbs  the  heat,  whereas  metal 
reflects  both : the  metal,  therefore,  if  clean,  does  not  become  heated ; but, 
if  blackened  over  a smoking  candle,  it  then  absorbs  heat,  and  becomes 
very  warm.  He  notices  the  distinction  between  heated  air,  and  heat 
emanating  in  straight  lines : “ represent  to  yourself  a little  hillock  of 
burning  coals;  in  this  case,  the  heat  darting  from  this  hillock  all  around, 
is  that  which  may  be  reflected  by  a metallic  polished  plate;  that,  on  the 
contrary,  which  rises  upwards,  and  may  be  driven  by  winds  to  and  fro, 
unites  with  air.  I call  the  first  kind,  by  way  of  distinction,  radiant  heat.” 
Discussing  the  phenomena  of  solar  and  terrestrial  radiation,  he  considers 
their  apparent  differences  to  result,  not  from  any  absolute  difference  in 
the  nature  of  the  emanating  particles,  but  in  their  quantity.  “ There  is 
no  doubt,”  he  says,  “ about  the  light  of  the  sun  and  that  of  a burning 
candle  being  the  same  thing;  for  this  affects  the  eye  in  the  same  manner 
as  the  sun,  and  represents  the  same  colors  through  the  prism ; but  being 
weaker,  it  is  no  w^onder  that  its  beams,  collected  in  a burning-glass,  will 
not  burn:  nor  is  there  any  doubt  about  light  being  a body,  in  the  same 
manner  as  heat;  but  I cannot  persuade  myself  that  light  and  heat  are  the 
same  thing,  since  experiment  proves  the  contrary.’’  Finding  that  light 
blackened  nitrate  of  silver,  though  heat  alone  had  no  effect  upon  it,  he 
considers  light  as  containing  an  inflammable  principle ; and  shows  that 
luna  cornea.^  after  long  exposure  to  the  sun’s  rays,  is  no  longer  perfectly 
soluble  in  ammonia,  but  leaves  a portion  of  reduced  silver;  he  also 
shows,  that  wdien  put  into  wnter,  it  forms  muriatic  acid  in  the  light,  but 
not  in  the  dark;  and  that  the  violet  rays  produce  these  effects  more 
rapidly  and  powerfully  than  the  other  colored  rays,  and  even  than  wdiite 
light. 

Among  these  Experiments  on  Air  and  Fire,  some  curious  facts  are 
detailed,  respecting  the  spontaneously  inflammable  compound  discovered 
early  in  the  last  century  by  Homberg,  and  called  Pyroj^hortis ; it  is 
shown  that  potash  is  necessary  to  its  formation,  and  that  alum  ciystal- 
lized  by  ammonia,  is  unfit  for  its  production.  The  evolution  of  hydrogen, 
during  the  action  of  iron  upon  sulphur,  and  of  nitrogen  in  the  detonation 
of  fulminating  gold,  are  also  among  the  facts  contained  in  this  essay;  as 
well  as  a variety  of  curious  circumstances  relating  to  the  effect  of  vegeta- 
tion and  respiration  upon  air;  and  it  closes  with  an  account  of  the 
properties  of  Sulphuretted  Hydrogen. 

Exclusive  of  the  experimental  details,  there  is  little  to  praise  in  the 
Treatise  on  Air  and  Fire^  for  the  theories  which  it  contains  are  often 


OF  CnE.^IICAL  PHILOSOPHY.  Ixxxiii 

strained  and  illicit,  and  do  not  easily  admit  of  being  rendered  intelligible 
by  the  translation  of  the  phlogistic  language  into  that  of  the  modern 
school:  nor  are  Sciieele’s  detached  essays  altogether  free  from  similar 
blemishes ; but  then  they  are  so  rich  in  facts,  that  we  the  more  easily 
overlook  theoretical  failings.  His  dissertation  on  Manganese,  for  in- 
stance, with  a description  of  the  principal  salts  of  that  metal,  contains  the 
important  discovery  of  Dephlogisticated  Muriatic  Acid,  or,  as  it  is  now 
termed.  Chlorine;  and  his  views  respecting  it,  and  the  nature  of  the 
muriatic  acid,  are  remarkably  correct,  and  perfectly  intelligible  in  present 
theory,  if  we  substitute  hydrogen  for  phlogiston;  it  will  then  be  found, 
that  muriatic  acid  is  regenerated  by  the  addition  of  hydrogen  to  chlorine; 
and  that  hydrogen  is  evolved  by  the  abstraction  of  chlorine  from  muriatic 
acid. 

Bertiiollet’s  hypothesis  of  the  nature  of  chlorine  for  a time  super- 
seded the  theory  of  Sciieele,  and  under  the  name  of  Oxymuriatic  Acid, 
it  was  regarded  as  a compound  of  oxygen  and  muriatic  acid;  but,  in  1811, 
Sir  H.  Davy,  in  an  important  dissertation  on  the  subject,  published  in  the 
Philosophical  Transactions^  demonstrated  the  errors  of  the  French  school, 
revived  the  doctrine  of  Scheele,  and  established  it  by  a body  of  evidence 
now  generally  received.  Berthollet,  however,  has  the  distinguished 
merit  of  first  suggesting  the  application  of  chlorine  to  bleaching  uj)on  the 
large  scale. 

In  his  essays  on  Fluor  Spar,  and  its  acid,  Scheele  has  committed 
several  errors,  among  which  the  most  glaring  is  the  conclusion  which  he 
draws  respecting  the  formation  of  silicious  earth.  AVhen  powdered  fluor 
spar  is  distilled  with  sulphuric  acid  in  a glass  retort,  the  silica  of  the  glass 
is  dissolved  by  the  acid  of  the  fluor,  carried  over  with  it  in  the  gaseous 
state,  and  in  part  deposited  in  the  receiver  containing  water;  Sciieele 
inferred  that  silicious  earth  rvas  here  formed  by  the  union  of  fluoric  acid 
and  water;  and  persisting  in  his  error,  he  endeavours  to  show  that  the  same 
formation  ensues  in  metallic  vessels,  and  therefore  independent  of  glass  ; 
but  he  takes  no  due  precautions  against  the  presence  of  silica  in  the  fluor 
spar  which  he  used.  Yet  there  is  much  to  praise  in  the  methods  of  analysis 
employed  in  investigating  the  nature  of  this  singular  body;  it  is  a subject 
full  of  ditficulties,  and  can  scarcely  be  called  complete  even  at  the  present 
day,  though  it  has  engaged  the  attention  of  the  most  acute  analysts.  The 
acids  of  arsenic,  and  of  molybdenum,  were  first  examined  by  Scheele;  and 
he  first  showed  the  difference  between  Molybdenum  and  Plumbago,,  and 
pointed  out  the  existence  of  carbon  in  the  latter. 

In  1778,  Sciieele  made  known  the  preparation  of  Arsenite  of  Copper, 
and  recommended  it  as  an  useful  and  permanent  color  in  oil  and  water 
painting;  and,  in  1778,  he  took  up  the  important  subject  of  the  decom- 
position of  neutral  salts  by  unslaked  lime  and  iron.  He  found  upon  the 
iron  hoops  of  a tub  of  salted  turnips,  which  had  been  placed  in  a damp 
cellar,  a quantity  of  salt  resembling  mineral  alkali,  and  was  struck  with 
the  circumstance,  “ knowing  that  the  attraction  of  acid  of  salt  is  weaker 
for  iron  than  for  mineral  alkali.”  He  dipped  plates  of  several  other 
metals  into  solutions  of  common,  and  Glauber’s  salt,  but  found  that  iron 
only  was  effectual  in  their  decomposition,  and  that  the  action  was  more 
rapid  in  a damp  cellar,  than  elsewhere;  he  also  found  that  ouicklimc 
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decomposed  those  salts  in  the  same  situation ; and  that  the  decomposition 
was  partly  dependent  upon  the  presence  of  carbonic  acid  in  the  atmo- 
sphere of  the  vault. 

In  h is  essays  on  Milk,  and  Sugar-of-milk,  there  are  many  curious 
circumstances  respecting  the  action  of  re-agents  upon  that  liquid ; and 
these  papers  deserve  particular  notice,  as  among  the  earliest  specimens  of 
the  analysis  of  animal  fluids.  Scheele  observes  that,  from  his  experi- 
ments, it  appears  “ that  the  aeid  of  milk  is  an  acid  of  a peculiar  kind;  and 
though  it  expels  the  vinegar  from  acetated  vegetable  alkali,  yet  it  seems 
destined,  if  I may  so  speak,  to  be  vinegar.”  He  attributes  the  difference, 
to  the  want  of  some  ferment;  and  shows  that  the  addition  of  a little  brandy 
to  milk,  causes  it,  Avhen  fermented,  to  afford  good  vinegar.  The  method 
of  obtaining  the  Citric  and  some  other  vegetable  acids,  by  decomposing 
their  compounds  with  lime,  by  sulphuric  acid,  is  also  among  Scheele’s 
discoveries;  and  his  essays  on  Tungsten,  on  the  preparation  of  Calomel  in 
the  humid  way,  on  Urinary  Calculi,  on  Ether,  and  on  Benzoic  acid,  each 
contain  important  facts,  and  display  new  modes  of  inquiry:  they  deserve 
the  perusal  of  those  who  may  be  engaged  in  investigations  relating  to  the 
several  subjects  of  which  they  treat. 

The  last  essay  to  which  I shall  advert  in  this  sketch  of  Scheele’s 
discoveries,  was  published  in  17^2,  and  is  entitled  Expei'imeiits  on  the 
Coloring  Matter  of  Prussian  Blue.  This  very  singular  substance  was 
accidentally  discovered  early  In  the  last  century,  by  Diesbacii,  a color- 
maker  at  Berlin : the  preparation  was,  however,  kept  secret,  till  pub- 
lished by  Woodward,  In  1724.  In  1752,  Macquer’s  dissertation  upon  it 
presented  a connected  view  of  its  chemical  history,  which,  however,  Avas 
imperfect  and  unsatishrctory.  Scheele  directed  his  attention  to  the  dis- 
covery of  the  principle  upon  Avhich  its  color  depended.  He  shoAvs,  that 
the  salt  produced  by  digesting  Prussian  blue  in  caustic  potash,  is  a triple 
compound  of  the  coloring  principle,  iron,  and  potash;  iron  being,  as  he 
supposes,  the  medium  by  Avhich  the  coloring  principle  is  attached  to  the 
alkali:  this  salt  he  decomposed,  by  distilling  its  aqueous  solution  Avith  a 
small  quantity  of  concentrated  vitriolic  acid,  and  the  liquor  Avhicii  passed 
into  the  receiver  carried  with  it  a great  portion  of  the  coloring  principle, 
Avhich  has  since  been  termed  Prussic  Acid.  Scheele  then  goes  on  to 
show  that  the  action  of  this  acid,  in  its  pure  state,  upon  metallic  solutions, 
is  very  different  from  that  Avhich  it  exhibits  Avhen  combined  Avith  alkalis. 
United  Avith  lime,  he  found  that  it  afforded  precipitates  in  the  greater 
number  of  metallic  solutions.  Our  author  enters  into  much  interesting 
speculation  and  experiment,  relating  to  the  nature  of  this  coloring  prin- 
ciple; and  considering  the  difficulty  of  the  subject,  treats  it  Avith  perspi- 
cuity and  success.  This  dissertation  on  Prussian  blue,  Avas  nearly  his  last 
contribution  to  the  science  Avhich  he  had  so  much  embellished  and 
improved,  for  he  died  in  1786,  at  the  age  of  forty-four. 

It  requires  no  deep  inquiry,  or  minute  investigation,  to  detect.  In  the 
researches  of  Priestley,  Scheele,  and  Cavendish,  the  materials  of  Avhich 
their  contemporary,  Lavoisier,  aided  by  several  celebrated  chemists  of  the 
French  school,  constructed  his  neAv  theory;  and  a retrospect  of  the  Avorks 
of  Mayoav  and  Hooke  Avill  shoAv,  that  the  Antiphlogistic  System  almost 
necessarily  arose,  out  of  a combination  of  their  vieAVS  Avith  the  more 
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modern  discoveries.  In  maintaining,  however,  that  the  materials  em- 
ployed in  raising  this  celebrated  system  were  of  foreign,  and  chiefly  of 
Britisli  origin,  we  must  not  be  understood  as  detracting  from  the  indis- 
putable merit  of  those,  to  whose  persevering  diligence  Chemistry  owes 
so  much  of  its  present  importance;  by  whom  the  scattered  and  uncon- 
nected facts  of  the  science  were  brought  together  and  arranged ; and  who 
cleared  its  paths  of  the  numerous  obstructions  with  which  they  were 
previously  beset. 


§ XIII. 

The  numerous  and  important  contributions  with  which  the  eminent 
but  unfortunate  Lavoisier*  enriched  the  chemistry  of  his  time,  are  to  be 
found  in  the  Memoirs  of  the  Royal  Academy  of  Sciences  of  Paris;  but 
as  he  has  chiefly  been  celebrated  as  a theorist,  I shall  here  confine  myself 
to  such  of  his  inquiries  as  bear  upon  that  memorable  reform  in  the 
science,  by  which  a new  nomenclature  was  introduced,  and  which  ended 
in  the  banishment  of  phlogiston.  In  this  reform,  Lavoisier  took  the 
lead ; and  though  his  original  investigations  connected  with  it  are  few  and 
comparatively  unimportant,  he  availed  himself  with  so  much  skill,  and 
success,  of  the  labors  of  others,  as,  by  placing  them  in  new  points  of 
view,  and  exhibiting  their  unexpected  applications,  to  render  them  almost 
his  own.  Lavoisier’s  character  has,  in  some  measure,  suffered  by  the 
misguided  zeal  of  his  admiring  commentators,  who,  not  satisfied  with 
allowing  him  due  merit  for  the  logical  precision,  and  sagacity  of  induction, 
which  he  brought  into  chemistry,  have  represented  him  as  having  the 
experimental  activity  of  Priestley,  and  the  laborious  diligence  of  Sciieele. 
But  Lavoisier,  though  a great  architect  in  the  science,  labored  little  in 
the  quarry;  his  materials  were  chiefly  shaped  to  his  hand,  and  his  skill 
was  displayed  in  their  arrangement  and  combination. 

A connected  view  of  his  principal  reasonings  and  most  prominent 
researches,  will  be  found  in  his  Elemens  de  Chimie,  published  in  Paris,  in 
1789.  This  work,  in  every  way  important,  is  divided  into  three  principal 
sections:  the  first  treats  of  the  formation  and  decomposition  of  aeriform 
fluids,  of  the  combustion  of  simple  bodies,  and  the  formation  of  acids : 
the  second,  of  the  combination  of  acids  with  salifiable  bases,  and  of  the 
formation  of  neutral  salts : and  the  third,  of  the  instruments  and  opera- 
tions of  chemistry. 

The  first  section  opens  with  a discussion  coneerning  the  Nature  and 
Operations  of  Heat,  Avhich  he  defines  as  a real  and  material  substance, 
or  a very  subtile  fluid,  separating  the  particles  of  bodies  from  each  other, 
by  insinuating  itself  among  them.  This  exquisitely  attenuated  substance, 
he  calls  Caloric;  and  though  he  allows  that  light,  in  many  instances, 
produces  phenomena  analogous  to  those  of  heat,  though  they  have  certain 
qualities  in  common,  their  identity  not  having  been  demonstrated,  they 
are  to  be  considered  as  distinct;  he  then  dwells  upon  the  requisite 
caution  in  investigating  the  properties  of  caloric,  since  they  are  known 

* Born  in  1743  at  Paris,  where  he  fell  a victim  to  the  Revolution,  on  the  8th 
of  May,  1794. 
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only  by  fleeting  and  difiicultly  ascertainable  effects : It  is  in  those 
things,”  he  says,  “which  we  neither  see  nor  feel,  that  it  is  especially 
necessary  to  guard  against  the  extravagances  of  the  imagination,  which, 
always  inclining  to  overstep  the  bounds  of  truth,  is  difficultly  restrained 
by  the  narrow  limits  of  facts.”  The  influence  of  heat  upon  the  states  of 
bodies  is  then  illustrated,  and  their  relative  capacities  for  heat  alluded  to. 
He  says  that  solidity,  liquidity,  and  aeriform  elasticity,  are  only  three 
different  states  of  existence  of  the  same  matter,  or  three  particular 
modifications  which  almost  all  substances  are  susceptible  of  assuming 
successively,  and  which  solely  depend  upon  the  degree  of  temperature  to 
which  they  are  exposed,  or,  in  other  words,  “upon  the  quantity  of  caloric 
with  which  they  are  penetrated.”  In  consequence  of  this  influence  of 
caloric,  the  possible  existence  of  certain  metallic  substances  in  our 
atmosphere  is  inferred ; “ such  a substance,  for  instance,  a little  more 
volatile  than  mercury,  might  exist  there.”  Lavoisier  then  proceeds  to 
the  analysis  of  atmospheric  air,  which  he  effects  by  exposing  fifty  cubical 
inches  of  it  to  heated  mercury;  it  undergoes  a decrease  equal  to  one- 
sixth  of  its  original  bulk,  and  becomes  unfit  for  respiration  and  com- 
bustion; at  the  same  time,  the  quicksilver  is  partly  converted  into  a 
reddish  matter,  45  grains  of  which  heated  red-hot  in  a proper  retort, 
afforded  41 ‘5  of  running  mercury,  and  7 or  8 cubical  inches  of  gas, 
eminently  supporting  combustion,  and  being  the  dephlogisticated  air 
discovered  by  Priestley.  The  mixture  of  the  42  cubical  inches  of 
the  mephitic  air  of  the  retort,  with  the  8 cubical  inches  of  dephlogis- 
ticated air,  separated  from  the  mercury,  reproduce  50  cubic  inches  of 
atmospheric  air. 

Lavoisier  considered  all  aeriform  fluids  as  compounds  of  a pon- 
derable basis,  with  caloric  and  light : in  the  above  experiment,  the 
ponderable  part  of  the  dephlogisticated  air  unites  to  the  quicksilver,  but 
the  union  is  effected  so  slowly,  that  the  phenomena  of  combustion  are 
not  perceived ; if,  however,  red-hot  iron  wire  be  introduced  into  the  air 
evolved  from  the  red  compound  of  quicksilver,  it  acts  readily  upon  it, 
and  its  decomposition  is  attended  by  the  copious  evolution  of  heat  and 
light,  while  the  iron  undergoes  an  increase  in  weight  equivalent  to  that 
of  the  air  absorbed. 

In  discussing  the  principles  of  nomenclature,  most  applicable  to  the 
different  aeriform  fluids,  Lavoisier  retains,  after  the  example  of  Mac- 
QUER,  the  word  gas^  used  first  by  Van  Helmont,  as  a generic  term  for  all 
that  differ  from  atmospheric  air:  he  shows,  that  one  of  the  most  general 
properties  of  vital  or  dephlogisticated  air,  is,  to  form  acids^  and  hence  he 
gives  it  the  name  of  oxygen  gas;  the  other  element  of  the  atmosphere  is 
called  azotic  gas^  from  its  fatal  effects  upon  animal  life,  a term,  “ com- 
mendable,” says  Lavoisier,  “ because  it  only  expresses  a matter  of  fact.” 

The  combustion  of  sulphur,  phosphorus,  and  carbon,  is  next  shown 
to  be  attended  with  the  same  phenomena  as  that  of  iron,  namely,  the 
extrication  of  heat  and  light,  and  the  union  of  the  ponderable  part  of 
the  oxygen  with  the  combustible ; and  the  principles  of  nomenclature 
applicable  to  these  different  compounds  are  developed.  Where  oxygen 
does  not  form  an  acid,  its  compounds  are  termed  oxides;  and  where 
more  than  one  oxide,  or  acid,  is  formed,  the  termination  of  the  base 
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indicates  its  nature:  thus  there  are  four  compounds  of  nitrogen  'with 
oxygen,  two  oxides,  and  two  acids ; the  former  are  respectively  termed 
nitrous  and  nitric  oxides;  and  tlie  latter,  nitrous  and  nitric  acids;  the 
minimum  and  maximum  of  oxygen  being  in  each  case  designated  by  the 
termination  ous  and  ic.  The  term  hydrogen  is  applied  to  inflammable 
air,  shown  by  Cavendish  to  be  the  basis  of  roater ; and  fixed  air  is  called 
carbonic  acid,  since  it  is  identical  with  the  result  of  the  combustion  of 
charcoal,  or  carbon,  in  oxygen.  In  connection  with  the  latter  subject, 
Lavoisier  made  the  important  discovery  of  the  production  of  carbonic 
acid  by  the  combustion  of  the  diamond.  The  destruction  of  this  gem  by 
fire,  w^as  demonstrated  by  the  Florentine  Academicians  as  early  as  1690; 
they  exposed  a diamond  to  the  focus  of  a burning  lens,  and  found  that  it 
entirely  evaporated;  and  Francis  the  First,  of  Germany,  witnessed  the 
same  phenomenon  in  the  heat  of  a furnace.  Lavoisier  proved  that  the 
diamond  underwent  no  change  when  air  w^as  excluded;  and  that,  when 
ignited  in  oxygen  gas,  it  produced  carbonic  acid : whence  the  inevitable 
conclusion,  that  the  diamond  and  charcoal  are  identical  in  their  nature; 
and  that  the  vast  difference  in  their  appearance,  and  mechanical  qualities, 
is  the  result  of  aggregation;  that  the  one  is  crystallized ; the  other  in  a 
less  indurated  form.  Unprecedented  as  such  an  idea  may  seem,  it  is  not 
only  w^arranted  by  the  experiments  of  Lavoisier  and  others,  but  also  in 
some  degree  supported  by  analogy.  Thus,  when  argillaceous  earth,  which 
is  a white  pulverulent  substance,  is  aggregated  by  mechanical  attraction 
into  a crystalline.form,  it  constitutes  the  sapphire,  one  of  the  hardest  and 
least  destructible  of  the  gems.  In  one  state,  the  earth  is  soft,  and 
readily  soluble  in  acids;  in  the  other,  its  insolubility  equals  its  indura- 
tion: but  there  is  one  anomaly,  relating  to  the  conducting  power  of  the 
diamond  and  charcoal  in  regard  to  electricity;  the  former  ranks  among 
the  non-conductors,  the  latter  is  a good  conductor;  and  hitherto  me- 
chanical texture  has  not  been  clearly  shown,  in  any  strictly  analogous 
cases,  to  interfere  with  the  power  of  conducting  electricity. 

Among  those  w^ho  have  further  explored  the  phenomena  of  the  com- 
bustion of  the  diamond,  and  wdio  have  verified  and  extended  the  original 
views  of  Lavoisier,  we  find  the  names  of  some  of  the  most  eminent 
European  Philosophers.  Few  subjects  in  Chemistry  have  been  so  care- 
fully pursued,  and  the  united  results  of  different  experimentalists  have 
rarely  tallied  with  the  precision  with  which  these  researches  present*. 


* That  the  quantity  of  carbonic  acid, 
afforded  by  a given  weight  of  diamond, 
is  the  same  as  that  yielded  by  a similar 
quantity  of  charcoal,  is  the  great  proof  of 
the  identity  of  those  apparently  dissimilar 
substances ; this  was  demonstrated  in  the 
year  1796,  by  the  refined  and  elegant 
experiments  of  the  late  Mr.  Tennant. 

]Mr.  Smithson  Tennant  was  a profound 
philosopher,  and  a matchless  companion : 
‘‘  his  learning  was  without  pedantry  ; 
his  wit  without  sarcasm  ; — he  was  deep, 
but  always  clear;  gentle,  but  never  dull.” 
To  those  who  knew  him  not,  it  is  scarcely 
possible  to  offer  an  adequate  represen- 
tation of  his  singularly  pleasing  and 


enlightened  character ; by  those  who 
enjoyed  his  acquaintance,  and  partook  of 
his  social  hours,  his  extent  of  know- 
ledge, his  happy  and  unrivalled  talent 
for  conversation,  his  harmless  but  bril- 
liant flashes  of  merriment,  and  all  his 
amiable  peculiarities,  can  never  be  for- 
gotten. JNIr.  Tennant  was  born  in  York- 
shire in  1761,  and  died  at  Boulogne  in 
1815.  He  was  the  discoverer  of  the 
metals  Iridium  and  Osmium,  and  the 
author  of  several  important  contributions 
to  chemical  science. 

See  Biographical  Account  of  Smithson 
Tennant,  Esq.,  in  Thomson’s  Annals  of 
Fhilosopliy,  vol,  vi. 
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Lavoisier  was  the  first  who  examined  with  requisite  accuracy  the 
products  of  the  distillation  of  vegetable  and  animal  substances,  and  who 
drew  a proper  line  of  distinction  between  the  educls  and  'products  thus 
afforded ; he  also  inquired,  with  more  success  than  any  of  his  predeces- 
sors, into  the  phenomena  oi  ferment ation^  and  by  examining  the  contents 
of  certain  vegetable  juices  previous  to  and  after  that  process,  he  drew 
some  very  curious  conclusions  respecting  the  changes  that  take  place. 

Ill  his  observations  upon  salifiable  bases^  and  the  formation  of  neutral 
salts,  Lavoisier  has  described  the  phenomena  of  the  solution  of  metals 
in  the  various  acids : he  adverts  to  the  oxidizement  of  the  metals  pre- 
vious to  their  solution,  and  to  the  consequent  liberation  of  hydrogen;  and 
has  the  following  acute  surmise  respecting  the  nature  of  the  alkaline 
earths,  which  then  were  considered  as  elementary  bodies  : — “ From  these 
phenomena  it  appears  that  oxygen  is  the  bond  of  union  between  metals 
and  acids,  and  from  this  we  are  led  to  suppose  that  oxygen  is  contained 
in  all  substances  which  have  a strong  affinity  with  acids;  hence  it  is  very 
probable  that  the  four  eminently  salifiable  earths  contain  oxygen,  and 
that  their  capability  of  uniting  with  acids  is  produced  by  the  intermedia- 
tion of  that  element.  What  I have  formerly  noticed  relative  to  these 
earths,  namely,  that  they  may  very  possibly  be  metallic  oxides,  with 
which  oxygen  has  a stronger  affinity  than  with  carbon,  and  consequently 
are  not  reducible  by  any  known  means,  is  considerably  strengthened  by 
the  above  considerations.”  Sir  FI.  Davy,  in  shoAving  the  combustibility 
of  the  metals  of  the  alkalis  in  carbonic  acid,  has  verified  this  anticipation. 

In  the  second  part  of  the  Elements,  Lavoisier  treats  of  the  formation 
of  Neutral  Salts,  and  throAvs  out  neAV  and  important  vieAvs  relating  to  the 
constitution  of  chemical  compounds.  Speaking  of  the  influence  of  Light 
as  a chemical  agent,  he  adverts  to  its  singular  action  upon  the  vegetable 
kingdom,  and  supposes  that  it  combines  Avith  certain  parts  of  vegetables, 
and  that  the  green  of  their  leaves,  and  the  various  colors  of  their  floAvers, 
are  chiefly  OAAung  to  this  combination.  “This  much,”  he  says,  “is 
certain,  that  plants  which  grow  in  darkness  are  perfectly  Avhite,  languid, 
and  unhealthy,  and  that  to  make  them  acquire  vigor,  and  recover  their 
natural  colors,  the  direct  influence  of  light  is  absolutely  necessary.  Some- 
what similar  takes  place  even  in  animals.  Mankind  degenerate  to  a 
certain  degree  when  employed  in  sedentary  manufactures,  or  living  in 
crowded  houses,  or  in  the  narroAV  lanes  of  large  cities;  AAdiereas  they  im- 
prove in  their  nature  and  constitution  in  most  of  the  country  labors  Avhich 
are  carried  on  in  the  open  air.” 

Lavoisier  incorrectly  refers  the  influence  of  light  to  its  direct  com- 
bination; but  it  rather  appears  to  modify,  or  exalt,  the  mutual  agencies 
of  bodies;  of  this  Ave  have  some  remarkable  instances;  as  in  the  action  of 
chlorine  upon  hydrogen  and  upon  carbonic  oxide ; and  of  chlorine  and 
several  of  the  chlorides,  upon  Avater;  from  Avhich  it  occasions  the  evolu- 
tion of  oxygen,  and  the  production  of  muriatic  acid ; this  change  gave 
rise  to  the  idea  of  the  existence  of  oxygen  and  muriatic  acid  as  the  com- 
ponents of  chlorine;  the  agency  of  Avater  and  the  nature  of  muriatic 
acid  not  having  been  taken  into  account. 

In  his  observations  on  the  combinations  of  oxygen,  the  conditions 
requisite  to  the  oxidizement  of  bodies  are  mentioned;  such  as  the  dimi- 
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iiutlon  of  aggregation  by  beat,  'wliicli  causes  many  substances  to  attract 
the  oxygen  of  the  atmosphere ; their  ignition  with  nitre,  or  with  chlorate 
of  potassa ; and  their  solution  in  certain  acids,  especially  the  nitric.  The 
combinations  of  the  different  combustible  substances  are  next  reviewed, 
and  those  of  the  acids  and  some  other  compound  bodies. 

The  third  part  of  the  Elements  is  occupied  with  the  description  of  a 
variety  of  chemical  operations,  which  were  exceedingly  improved  and 
extended  by  Lavoisier.  He  shines  as  the  inventor  of  costly  and  com- 
plicated apparatus,  the  greater  part  of  which  might,  however,  have  been 
superseded  b}’’  simpler  and  cheaper  utensils. 

This  sketch  of  the  contents  of  Lavoisier’s  Elements  of  Chemistry  will 
sufficiently  show  the  extent  and  perspicuity  of  his  views  as  a theorist; 
and  though  the  arrangement  is  open  to  objection,  it  was  calculated  for  the 
use  of  the  student,  and  fitted  to  display  the  strongest  parts  of  the  anti- 
phlogistic system  in  the  most  favorable  light : it  was,  indeed,  impossible 
that  any  one  of  unbiassed  judgment,  could  seriously  retain  the  phlogistic 
doctrines,  after  the  perusal  of  this  masterly  refutation.  But  if  we  look  for 
the  abstract  facts  upon  which  this  refutation  rests,  we  shall  search  in  vain, 
either  in  the  works  of  Lavoisier,  or  in  those  of  his  contemporaries:  they 
were  furnished  from  other  quarters,  and  will,  I think,  chiefly  be  found 
in  the  Avritings  of  Maa^oay  and  Hooke,  and  in  those  of  Priestley  and 
Scheele.  The  prominent  features  of  the  French  theory  are  its  explana- 
tion of  the  phenomena  of  combustion  and  of  acidification,  the  presence  of 
ox3’gen  being  deemed  essential  in  both  cases.  That  air  is  the  food  of  fire 
Avas  knoAvn  in  the  remotest  ages ; that  it  causes  the  increase  of  Aveight 
sustained  by  metals  during  their  fusion  and  calcination,  Avas  shoAvn  by 
Rey  early  in  the  seventeenth  century;  that  a part  only  of  the  atmosphere, 
is  concerned  in  the  support  of  flame,  Avas  explained  by  ITooke  in  1667 ; 
and  that  the  vital  or  igneous  spirit,  as  he  terms  it,  of  the  atmosphere,  is 
concerned  in  the  formation  of  acids,  Avas  asserted  by  Mayoav  in  1674. 
Here,  Avithout  advancing  into  the  eighteenth  century,  Ave  have,  in  explicit 
detail,  all  the  facts  and  arguments  requisite  for  the  construction  of  the 
French  theory;  but  if  to  these  Ave  add  the  discovery  of  Oxygen  by 
Priestley,  and  of  the  composition  of  Avater  by  Cavendish  and  Watt, 
Avhat  then  becomes  of  its  claim  to  originality? 

It  must  be  regretted  that  those  Avho  have  censured  pAAmisiER  Avitli 
occasional  uncandid  and  unacknoAvledged  appropriation  of  the  thoughts  of 
others,  have  some  grounds  for  the  accusation.  In  bringing  forward  his 
theory  of  combustion,  Avhy  did  he  not  refer  to  the  opinions  of  Rey  and 
Mayoav?  AAdiy  refuse  praise  and  acknoAvledgment  to  Black,  and  Scheele, 
and  Caa^endish;  or  Avhy  appropriate  the  discovery  of  oxygen,  in  the  face 
of  the  prior,  indisputable,  and  knoAvn  claims,  of  his  friend  and  contem- 
porary, Priestley?  These  are  questions  Ave  cannot  noAv  ansAver;  but 
those  Avho  have  grounded  indiscriminate  and  severe  censure  upon  such 
accusations,  have  neither  been  animated  by  the  unprejudiced  spirit  of  true 
philosophy,  nor  guided  by  the  unbiassed  loA^e  of  truth.  It  must  be  remem- 
bered that  Laa’^oisier  AA^as  never  fairly  confronted  by  these  rivals  and 
antagonists;  that  unintentional  inadvertency  sometimes  accompanies  scien- 
tific ardor ; that,  in  the  eagerness  of  pursuit,  he  may  haA’e  negleeted  that 
Avhich,  in  a calmer  hour,  he  Avould  have  seen,  regretted,  and  acknoAAdedged; 
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and  that,  in  the  hiiny  of  discussion  and  heat  of  controversy,  he  was  sud- 
denly summoned  to  eternity^. 


* Two  scarce  volumes  of  the  posthu- 
mous works  of  Lavoisier  are  extant,  con- 
sisting, in  great  measure,  of  extracts 
from,  and  sketches  of,  his  different  papers 
read  before  the  Royal  Academy  of  Sci- 
ences ; but  several  original  Observations 
and  Essays  are  also  dispersed  among 
them.  They,  in  some  degree,  justify  the 
observations  which  I have  made  in  the 
text,  that,  had  Lavoisier  lived,  he  would 
have  done  more  justice  to  his  predeces- 
sors and  contemporaries,  for  he  candidly 
reviews  their  opinions,  and  compares 
them  with  his  own;  at  the  same  time,  the 
following  passage  cannot  be  regarded  as 
perfectly  candid  towards  Rey,  who,  as  I 
have  shown  above,  founded  his  argu- 
ments, not  upon  hypothesis,  but  upon 
experiment. 

I insert  a long  quotation,  that  there 
may  be  no  misunderstanding  upon  the 
subject. 

After  stating  the  prevailing  phlogistic 
notions  entertained  at  that  period,  he 
proceeds  as  follows  : — “ Tel  etoit  I’etat 
des  connoissances,  lorsqu’une  suite  d’ex- 
periences,  entreprises  eu  1772  sur  les  dif- 
ferentes  especes  d’air,  ou  de  gaz  qui  se 
degagent  dans  les  effervescences  et  dans 
un  grand  nombre  d’operations  chimiques, 
me  firent  connoitre,  d’une  maniere  de- 
monstrative, quelle  etoit  la  cause  de 
Paugraentation  de  poids  qu’acquierent 
les  metaux  lorsqu’on  les  expose  a Taction 
du  feu.  J’ignorois  alors  ce  que  Jean  Rey 
avoit  ecrit  a ce  sujet  en  1630;  et  quand 
je  Taurois  connu,  je  n’aurois  pu  regarder 
son  opinion  a cet  egard,  que  comme  une 
asse)’tion  vague,  propre  a faire  honneur 
au  genie  de  Tauteur,  mais  qui  ne  dispen- 
sait  pas  les  chimistes  de  constater  la  ve- 
rite  de  son  opinion  par  des  experiences. 
J’etois  jeune,  j’etois  nouvellement  entre 
dans  la  carriere  des  sciences,  j’etois  avide 
de  gloire,  et  je  crus  devoir  prendre  quel- 
ques  precautions  pour  m’assurer  la  pro- 
priete  de  ma  decouverte.  II  y avoit  a 
cette  epoque,  une  correspondance  habi- 
tuelle  entre  les  savans  de  France  et  ceux 
d’Angleterre;  il  regnoit  entre  les  deux 
nations,  une  sorte  de  rivalite  qui  donnoit 
de  Timportance  aux  experiences  nou- 
velles,  et  qui  portoit  quelquefois  les 
ecrivains  de  Tune  ou  de  I’autre  nation, 
a les  contester  a leur  veritable  auteur  ; 
je  crus  done  devoir  deposer,  le  T’’  No- 
vembre,  1772,  T ecrit  suivant  cachetd, 


entre  les  mains  du  Secretaire  de  TAca- 
demie.  Ce  depot  a ete  ouvert  a la 
seance  du  5*”®  INIai  suivant,  et  mention 
du  tout  a ete  faite  en  tete  de  Tecrit.  II 
etoit  0011911  en  ces  termes  : — 

“ ^11  y a environ  huit  jours  que  j’ai  de- 
couvert,  que  le  soufre  en  brulant,  loin  de 
perdre  de  son  poids,  en  acquieroit  au 
contraire;  e’est  a dire,  que  d’une  livre  de 
soufre  on  pouvoit  retirer  beaucoup  plus 
d’une  livre  d’acide  vitriolique,  abstrac- 
tion faite  de  Thumidite  de  Fair ; il  en 
est  de  meme  du  phosphore;  cette  aug- 
mentation de  poids  vient  d’une  quantite 
prodigieuse  d’air  qui  se  fixe  pendant  la 
combustion,  et  qui  se  combine  avec  les 
vapeurs. 

“ ‘ Cette  decouverte  que  j’ai  constatee 
par  des  experiences  que  je  regarde 
comme  decisives,  m’a  fait  penser  que  ce 
qui  s’observoit  dans  la  combustion  du 
soufre  etdu  phosphore, pouvoit  bien  avoir 
lieu  a Tegard  de  tons  les  corps  qui  ac- 
quierent  du  poids  par  la  combustion  et 
la  calcination  : et  je  me  suis  persuade, 
que  Taugmentation  de  poids  des  chaux 
metalliques,  tenoit  a la  meme  cause. 
L’experience  a completement  confirme 
mes  conjectures  : j’ai  fait  la  reduction  de 
la  litharge  dans  des  vaisseaux  fermes, 
avec  Tappareil  de  Hales,  et  j’ai  observe 
qu’il  se  degageoit,  au  moment  du  passage 
de  la  chaux  en  metal,  une  quantite  con- 
siderable d’air,  et  que  cet  air  formoit  un 
volume  au  moins  niille  fois  plus  grand 
que  la  quantite  de  litharge  employee. 
Cette  decouverte  me  paroissant  une  des 
plus  interessantes  qui  ait  ete  faite  depuis 
Stahl,  j’ai  cru  devoir  m’en  assurer  la 
propriete,  en  faisant  le  present  depot 
entre  les  mains  du  Secretaire  de  TAca- 
demie,  poiu'  demeurer  secret  jusqu’au 
moment  ou  jepublierai  mes  experiences. 

(Signe)  “ ‘ Lavoisier.’ 

“En  rapprochant  cette  premiere  notice 
de  celle  que  j’avois  deposee  a I’Acade'mie 
le  20“'®  Octobre  precedent,  sur  la  com- 
bustion du  phosphore,  du  memoire  que 
j’ai  lu  a TAcademie  a sa  seance  publique 
de  Paques  1773,  enfin,  de  ceux  que  j’ai 
successivement  publie's,  il  est  aise'  de 
voir  que  j’avois  0011911  des  1772,  tout 
I’ensemble  du  systeme  que  j’ai  jniblie 
depuis  sur  la  combustion.  Cette  theorie 
a laquelle  j’ai  donne  de  nombreux  deve- 
loppemens  en  1777,  et  que  j’ai[porte', 
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Although.  Lavoisier  made  few  original  discoveries,  his  talents  were 
perhaps  more  usefully  employed  in  setting  forth  and  elucidating  the 
researches  of  others,  a task  which  he  performed  with  great  skill  and  suc- 
cess: in  reviewing  hypotheses,  he  diligently  contrasts  them  Avith  facts; 
Aveight  and  measure,  Avhich  had  been  introduced  into  chemistry  by  Berg- 
man, AA^ere  strictly  insisted  upon  in  all  his  manipulations;  and  in  his  hands 
chemistry  assumed  the  features  of  a neAV  branch  of  knoAvledge,  and  put  on 
its  present  character. 

Connected  Avith  the  labors  of  Lavoisier  is  the  celebrated  reform  of 
chemical  nomenclature  effected  by  him  and  his  associates,  among  the 
most  eminent  of  Avhom  Ave  may  enumerate  Guyton  Morveau*,  Four- 
CROYf,  and  CiiaptalJ,  The  former,  amidst  Amried  occupations,  pursued 


presque  des  cette  epoque  a I’etat  ou  elle 
est  aiijourd’liiii,  n’a  commence  a etre  en- 
seignee  par  Fourcroy,  que  dans  I’hiver  de 
1780  a 1787;  elle  n’a  ete  adoptee  par 
Guyton  jNIorveau,  qu’a  nne  epoque  pos- 
terieure  : enfin,  en  1785  Bertliollet  e'cri- 
Amit  encore  dans  le  systeme  du  phlogis- 
tique.  Cette  thtorie  n'est  done  pas,  comme 
je  V entends  dire,  la  theorie  des  Chiinistes 
Francois : elle  est  la  miemne ; et  c’est  une 
propriete  que  je  reclame  aupres  de  mes 
contemporains  et  de  la  posterite.” 

* Born  at  Dijon,  1737;  died  1815. 
“ Guyton  JNIorveau,”  says  Davy,  was 
very  old  AA'lien  I made  liis  acquaintance  ; 
betAveen  seventy  and  eighty,  and  very 
feeble.  Though  he  had  been  a violent 
republican,  he  Avas  Bonaparte’s  director 
of  the  mint,  and  a baron  of  the  empire, 
llis  manners  Avere  mild  and  concilia- 
tory ; and  it  is  a proof  of  the  energy  of 
his  mind,  that  having  promised  his  Amte 
to  a person,  as  Corresponding  Member 
of  the  Institute,  he  kept  his  promise, 
and  my  election  Avanted  only  his  voice 
to  be  unanimous.  Having  never,  Avhe'n 
in  France,  inquired  into  the  intrigues 
connected  Avith  elections,  or  interested 
myself  about  them,  I should  not  have 
knoAvn  this,  had  he  not  himself  told  me 
so  when  I dined  afterwards  at  his  house.” 

- — Davy's  Life,  by  Dr.  John  Davy. 

+ Born  at  Paris,  1755;  died,  1809. 

+ I have  extracted  the  folloAving  notice 
of  Chaptal  from  the  address  of  11.  R.  II. 
the  Duke  of  Sussex,  delivered  at  the  An- 
niversary JMeeting  of  the  Royal  Society, 
N ovember  30,  1 832  : — 

“ Jean  Antoine  Chaptal,  Comte  de 
Chanteloup,  AA'as  born  in  1750,  and  died 
in  April  last,  in  the  70th  year  of  his  age. 
He  AA'as  Professor  of  Chemistry  at  IMont- 
pellier,  before  theReA'olution,and  was  one 
of  the  most  active  cultiA’^ators  of  chemical 
science  before  that  event,  in  conjunction 


’ Avith  JMonge,  Fourcroy,  Bertliollet,  Guy- 
j ton  de  JNIoiweau,  and  the  illustrious  La- 
j voisier.  In  the  year  1793,  upon  the 
tlireatened  invasion  of  France  by  the 
Allies,  Avhen  saltpetre  Avas  not  to  be  pro- 
cured in  sufficient  quantities  for  the 
manufacture  of  the  powder  AA^anted  by 
the  French  armies,  he  Avas  invited  by 
the  Committee  of  Public  Safety  to  super- 
intend the  establishments  for  that  pur- 
pose ; and  his  chemical  knoAvledge  so 
greatly  improved  the  method  folloAved 
in  its  manufacture,  as  in  a very  short 
time  to  make  the  produce  greatly  ex- 
ceed the  demand.  He  was  made  Minis- 
tre  de  Plnttrieur  by  Napoleon,  and  con- 
tinued under  the  Empire  to  fill  many 
important  situations.  He  Avas  the  author 
of  considerable  Avorks  on  chemistry,  on 
the  application  of  chemistry  to  the  arts, 
on  the  application  of  chemistry  to  agri- 
culture, on  the  art  of  making  Avines,  and 
on  the  art  of  dyeing  cotton  and  avooI, 
Avhich  are  written  in  a very  perspicuous 
aud  elegant  style,  and  Avhich  have  en- 
joyed a very  considerable  popularity  in 
France.  The  labours  of  his  Avhole  life, 
in  fact,  Avere  dcAmted  to  the  improA-e- 
ment  of  those  manufactures  Avhose  per- 
fection depended  more  oi*  less  upon  the 
most  correct  and  economical  application 
of  chemical  principles  ; and,  after  his 
distinguished  countryman,  Bertliollet,  he 
must  be  placed  in  the  first  rank  of  those 
Avho  have  benefited  the  arts  through  the 
medium  of  chemical  science.” 

“ Chaptal,”  says  Sir  H.  DaAy,  for  a 
long  AAdiile  Bonaparte’s  Minister  of  the 
Interior,  was  an  active,  amusing,  in- 
triguing courtier  and  chemist,  and  some- 
Avhat  acquainted  Avith  the  state  of  the 
chemical  arts  in  France.  Not  very  ex- 
act in  conversation,  and  a little  boasting, 
yet  good  natured,  and  Avitli  lively  man- 
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cliemistry  with  successful  diligence,  and,  had  he  given  nothing  else  to  the 
science,  his  name  deserves  to  he  transmitted  to  posterity  as  the  inventor 
of  the  means  of  destroying  infection  by  acid  vapors,  the  efficacy  of  which 
he  first  pointed  out  in  the  year  1773.  His  first  essay  on  the  reform  of 
nomenclature  was  published  in  the  Journal  de  Physique  for  May,  1782, 
and  although  it  was  strenuously  opposed  by  the  colossal  power  of  the 
Royal  Academy  of  Paris,  the  plan  was  not  only  afterwards  approved,  but 
prosecuted  by  the  eminent  chemists  of  that  metropolis.  The  different 
papers  and  correspondence  relating  to  this  subject  are,  in  many  respects, 
curious  and  interesting,  from  the  difference  of  opinion  which  prevailed 
respecting  the  terms  he  adopted,  and  the  ultimate  benefit  likely  to  result 
from  the  reformation.  Fourcroy  is  a well-known  name  in  the  chemical 
world:  his  Avorks  rank  among  the  most  celebrated  which  France  has 
produced  in  the  science:  he  is  the  first  author  Avho  published  a System 
of  chemistry.  Ciiaptal  was  a successful  contributor  to  the  Chemistry  of 
the  Arts. 

The  difficulties  attending  an  entire  reform  in  the  nomenclature  of 
chemical  science  may  be  w^ell  imagined;  they  were  encountered  Avith 
considerable  address;  and  it  must  be  confessed  that,  Avhile  it  particularly 
tended  to  the  dissemination  of  the  anti- phlogistic  doctrines,  it  facilitated 
the  general  acquisition  of  the  science;  the  ludicrous  terms  of  the  alche- 
mists Avere  rejected,  and  names  founded  upon  the  nature  of  compound 
bodies,  and  upon  the  leading  qualities  of  elementary  substances,  became 
their  more  sensible  substitutes.  It  is  true,  that  the  progress  of  science 
has  rendered  much  of  the  French  nomenclature  objectionable,  and  that  it 
has  been  requisite  to  modify  many  of  its  terms,  more  especially  such  as 
AA'ere  founded  on  erroneous  theory:  others,  though  objectionable,  have 
been  retained,  rather  than  submit  to  the  serious  inconvenience  to  Avhich 
repeated  innovations  tend;  and  nothing  short  of  absolute  necessity  can 
justify  us  in  changing  old  and  accepted  terms,  for  those  of  more  recent 
coinage.  In  the  selection  of  names  necessarily  neAV,  some  leading  and 
obvious  property,  independent  of  theory,  should  be  selected  as  their  basis; 
such  terms  as  iodine^  bromine^  and  chlorine,  are  in  this  respect  unexcep- 
tionable. To  the  subjoined  opinion  upon  this  subject,  by  Sir  H.  Davy% 
I entirely  subscribe: — 

Simplicity  and  precision  ought  to  be  the  characteristics  of  a scientific 
nomenclature;  Avords  should  signify  things,  or  the  analogies  of  things, 
and  not  opinions.  If  all  the  elements  Avere  certainly  knoAvn,  the  principle 
adopted  by  Lavoisier  Avould  have  possessed  an  admirable  application; 
but  a substance  in  one  age  supposed  to  be  simple,  in  another  is  proved  to 
be  compound;  and  vice  versa.  A theoretical  nomenclature  is  liable  to 
continued  alteration;  oxygenated  muriatic  acid,  is  as  improper  a name 
as  dephlogisticated  marine  acid.  Every  school  believes  itself  in  the  right; 
and  if  every  school  assumes  to  itself  the  liberty  of  altering  the  names  of 
chemical  substances,  in  consequence  of  neAv  ideas  of  their  composition  or 

ners,  and  quiet  and  ready  conversation,  so,  lie  has  contributed  more  than  any 
More  a man  of  the  world  than  any  of  the  other  individual,  except  his  master, to  the 
savants  of  liis  day  in  France.  It  is  said  j military  glory  of  the  modern  Briton.” 
tliat  he  Avas  author  of  Napoleon’s  decrees  | * Elements  of  Chemical  Philosophy,  pp. 

aimed  at  the  commerce  of  England ; if  i 46,  47. 
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decomposition,  there  can  he  no  permanency  in  the  language  of  the  science; 
it  must  always  he  confused  and  uncertain.  Bodies,  which  are  similar  to 
each  other,  should  always  be  classed  together;  and  there  is  a presump- 
tion that  their  composition  is  analogous.  Metals,  earths,  alkalies,  are 
appropriate  names  for  the  bodies  the}’’  represent,  and  independent  of  all 
speculative  views ; whereas,  oxides,  sulphurets,  and  muriates,  are  terms 
founded  upon  opinions  of  the  composition  of  bodies,  some  of  which  have 
been  already  found  erroneous.  The  least  dangerous  mode  of  giving  a 
systematic  form  to  a language  seems  to  be  to  signify  the  analogies  of 
substances  by  some  common  sign  affixed  to  the  beginning,  or  the  termi- 
nation, of  the  word.  Thus,  as  the  metals  have  been  distinguished  by  a 
termination  in  um^  as  aurum^  so  their  calciform,  or  oxidated  state,  might 
have  been  denoted  by  a termination  in  u,  as  aura;  and  no  progress, 
however  great,  in  the  science,  could  render  it  necessary  that  such  a mode 
of  appellation  should  be  changed.  Moreover,  the  principle  of  a composite 
nomenclature  must  ahvays  be  very  limited.  It  is  scarcely  possible  to 
represent  bodies  consisting  of  live  or  six  elements  in  this  way,  and  yet  it 
is  in  such  difficult  cases  that  a name  implying  a chemical  truth  would  be 
most  useful.’' 

Among  the  causes  that  have  contributed  to  the  recent  progress  of 
chemical  science,  we  have  already  had  occasion  to  advert  to  the  doctrine 
of  dejinite  proportionals^  which  has  enabled  us  to  submit  many  of  the 
phenomena  of  chemistry  to  calculation,  and  which  promises  to  elucidate 
some  of  its  most  abstruse  parts  upon  mathematical  principles;  but  the 
chief  source  of  the  rapid  advancement  of  chemistry  during  the  present  age, 
is  doubtless  the  discovery  of  the  relation  of  electrical  to  chemical  changes; 
a discovery  which  has  unfolded  entirely  new  views  of  the  mutual  agencies 
of  bodies,  and  which  has  equally  furnished  the  theoretical  and  practical 
chemist  with  materials  for  speculative  and  experimental  inquiry. 

The  curious  experiments  of  Galvani  upon  the  convulsions  excited  in 
the  limbs  of  animals,  by  the  application  of  certain  metals  to  their  mus- 
cular and  nervous  fibres,  led  Yolta  to  investigate  the  cause  of  such 
phenomena,  and  to  attempt  the  accumulation  of  the  electricity,  to  which 
he  suspected  they  were  to  be  referred:  this  he  attained  by  successive 
alternations  of  different  metals  Avith  substances  acting  chemically  upon 
one  of  them ; and  he  found  that  the  extremities  of  such  a pile  Avere  in 
opposite  electrical  states,  and  that  the  intensity  of  the  electricity  aug- 
mented with  the  number  of  alternations.  This  instrument  has  been  produc- 
tive of  vast  discoveries,  Avhich  are  yet  far  from  exhausted,  and  has  given 
rise,  in  the  hands  of  Davy,  to  a neAv  and  curious  department  of  chemical 
philosophy,  into  the  history  of  Avhicli  I shall  enter  a little  more  in  detail, 
chiefly  Avith  a vicAV  of  shoAving  the  singular  talent  and  sagacity  Avith  Avhich 
a difficult  and  intricate  branch  of  science  Avas  successfully  pursued  and 
illustrated  by  that  eminent  individual. 

It  appears,  from  the  additional  ohservationsf  appended  to  his 
Chemical  llesearches^  upon  Nitrous  Oxide^  &c.,  published  in  1800,  that 
Sir  11.  Davy  had  no  sooner  heard  of  Yolta’s  researches,  than  his  mind 
AA’as  aAvakened  to  their  bearings  upon  chemical  changes;  and  from  that 
period,  to  the  time  of  his  first  publication  upon  the  subject,  he  seems  not 
to  have  lost  sight  of  the  inquiry;  indeed  it  Avas  his  characteristic  habit 
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to  examine  without  delay  all  novel  results  of  other  philosophers,  and 
when  he  had  confirmed  their  accuracy,  he  generally  rendered  tliem  suh- 
servient  to  further  discovery.  Accordingly,  Ave  find  that  the  first  paper 
Avhich  he  presented  to  the  Royal  Society  (read  the  18th  of  June,  1801), 
Avas  An  Account  of  some  Galvanic  Combinations  formed  hy  the  Arrange- 
ment  of  single  metallic  Plates  and  Fluids^  analogous  to  the  Galvanic 
Apparatus  of  Volta  ” and  it  contains  several  curious  and  interesting  facts 
upon  a subject  Avhich  noAV  began  to  excite  general  attention,  and  attracted 
the  notice  of  many  skilful  experimentalists.  The  first  harvest  of  fame, 
hoAvever,  in  this  field  of  inquiry,  Avas  reserved  for  Davy;  and  the  Baherian 
Lecture  for  1806  contains  a series  of  propositions  and  experiments,  in 
reference  to  the  chemical  agencies  of  electricity,  AA'hich  at  once  display  the 
masterly  energies  of  the  authors  mind  in  passing  from  experiment  to 
theory,  and  in  the  employment  of  that  theory  as  the  source  of  neAA\  pro- 
found, and  elaborate  researches.  About  the  time  this  paper  Avas  pub- 
lished, a great  and  important  question  respecting  the  agencies  of  elec- 
tricity Avas  undecided;  it  Avas  not  knoAvn  Avhether  electricity  had  the 
poAA^er  of  generating  certain  forms  of  matter,  or  Avhether  they  AA^ere  merely 
elicited,  by  its  influence,  from  compounds  Avhich  escaped  common  modes 
of  detection.  Water,  for  instance,  Avas  found  not  merely  to  he  resolved 
into  its  ultimate  gaseous  components,  hut  their  evolution  AAms  constantly 
connected  Avith  the  appearance  of  acid  and  alkaline  matter,  and  that, 
although  every  precaution  Avas  apparently  taken  to  exclude  foreign  mat- 
ters and  all  sources  of  impurity.  Hence  it  Avas  imagined  that  Avater 
either  contained  the  elements  of  these  bodies,  or  that  it  produced  them  hy 
uniting  Avith  the  electric  fluids,  or  that  they  Avere  actually  conveyed,  hy  some 
mysterious  route,  from  the  cells  of  the  pile ; indeed,  it  would  be  useless 
to  enumerate  all  the  speculations  originating  in  these  paradoxical  pheno- 
mena; hut  it  Avill  he  profitable  to  glance  at  the  manner  in  Avhich  the 
difliculties  Avere  encountered  by  our  author.  He  first  repeated  all  that 
had  been  done  by  others,  and  criticized  and  compared  their  proceedings; 
he  then  electrized  distilled  Avater,  and  found,  as  they  had  found,  the 
evolution  of  saline,  alkaline,  and  acid  bodies;  hut  he  also  found  that  the 
more  rigidly  he  purified  the  Avater,  the  smaller  Avas  the  evolution  of  these 
products;  a fact  militating  against  their  supposed  source;  still,  hoAvever, 
they  made  their  appearance.  He  now  directed  his  attention  to  the  ves- 
sels Avhich  were  used,  and  succeeded  in  referring  to  them  several  extraneous 
bodies;  thus  glass,  porcelain,  and  several  mineral  substances,  yielded 
more  or  less  foreign  matter,  Avhich  Avas  successfully  excluded  Avhen  gold 
or  platinum  Avas  substituted;  but  still,  Avater  Avhich  had  been  redistilled 
at  a loAV  temperature  in  a silver  alembic,  did  afford  acid  and  alkali;  the 
source  of  this  was  next  traced  to  the  hands  of  the  operator,  and  the 
accidental  contact  of  test-papers,  all  Avhich  Avere  consequently  avoided, 
Avith  a proportionate  diminution  of  the  problematical  appearances;  but 
they  Avere  yet  present,  for  notwithstanding  all  precautions,  litmus  Avas 
reddened  in  the  positive,  and  turmeric  rendered  broAvn  in  the  negative 
vessel:  it  Avas  noAV,  however,  found  that  the  acid  and  alkali  AATre  nitric 
acid  and  ammonia;  substances  producible  by  neAV  arrangements  of  the 
elements  of  air  and  Avater;  and  accordingly  Avhen  very  pure  AA^ater,  care- 
fully deprived,  and  kept  from  the  contact,  of  air,  Avas  electrized  in  vacuo. 
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in  cones  of  gold^  wliicli  liad  not  been  handled^  notliing  but  oxygen  and 
hydrogen  were  elicited  from  it. 

The  question,  therefore,  concerning  the  origin  of  the  appearances 
cited,  was  now  so  far  satisfactorily  determined.  He  then  entered  into 
many  valuable  contingent  inquiries,  and  proves  this  essential  fact,  that 
electricity  has  the  power  not  merely  of  rendering  evident  the  smallest 
traces  of  foreign  matter,  but  of  decomposing  compounds  with  apparent 
facility  and  perfection,  the  elements  of  which  are  held  together  by  the 
strongest  chemical  attractive  force;  whence  it  was  concluded  that  sub- 
stances, hitherto  deemed  simple  or  elementary,  might,  under  this  all- 
powerful  decomposing  agent,  afford  evidence  of  a compound  nature,  and 
yield  either  known  or  new  elementary  bodies.  The  inquiry  was  accord- 
ingly resumed  under  this  new  light;  and  the  Bakerian  Lecture,  read  to  the 
Royal  Society,  in  November,  1807,  contains  the  results  to  which  it  led. 
The  first  substances  which  occurred  as  likely  to  afford  successful  and  novel 
information  were  the  fixed  alkalis.  Upon  subjecting  caustic  potassa  to  the 
action  of  the  voltaic  pile,  it  was  found  not  to  conduct  electricity;  and  when 
its  aqueous  solution  was  used,  the  water  only  appeared  to  suffer  decom- 
position. After  several  unsuccessful  trials,  it  was  at  length  found  that 
the  alkali,  gently  breathed  upon,  became  sufficiently  moist  to  suffer  the 
transfer  of  electricity,  and  the  appearances  were  very  remarkable;  effer- 
vescence ensued  at  the  positive  pole,  and,  at  the  negative,  there  appeared 
small  and  brilliant  globules  of  a perfectly  metallic  appearance,  but  which 
presently  burned  upon  exposure  to  air,  and  seemed  to  reproduce  the 
alkali.  There  now  could  be  little  doubt  that  this  matter  was  the  base  of 
potassa;  but  it  became  necessary  to  collect  and  preserve  it  for  examina- 
tion; and  this  was  a task  attended  by  many  serious  and  apparently  insur- 
mountable obstacles,  for  the  globules  were  successively  immersed  in  a 
great  variety  of  fluids,  upon  all  of  which  they  had  more  or  less  action, 
and  none  of  which  afforded  a means  of  retaining  them  in  a metallic  state ; 
at  length  the  fluid  called  naphtha  was  successfully  employed,  and  in  it 
they  were  collected  and  preserved  for  a considerable  time  without  mate- 
rial alteration.  They  were  found  truly  metallic,  eminently  combustible, 
remarkably  light,  acting  energetically  and  inflaming  upon  water,  and  pro- 
ducing potassa  by  their  union  with  oxygen.  Many  of  their  other  proper- 
ties were  also  determined ; and  it  here  deserves  especially  to  be  mentioned, 
that  although  potassium^  for  so  this  new  metal  was  called,  was  only 
obtained  in  minute  atoms,  and  a few  grains  in  weight,  all  its  essential 
properties,  as  subsequently  determined,  were  correctly  and  minutely  made 
out.  Sodium  was  next  obtained  from  soda  by  the  same  new  method  of 
decomposition ; and  shortly  after  the  alkaline  earths  were  shown  to 
contain  analogous  inflammable  and  metallic  bases.  The  Philosophical 
Transactions  for  several  subsequent  years  contain  continuations  of  these 
inquiries,  which  were  actively  and  successfully  pursued  by  their  author, 
and  which  speedily  attracting  the  admiration  of  the  scientific  world, 
induced  others  to  resume  and  extend  them. 

In  the  year  1810  the  subject  of  Sir  Humphry’s  Bakerian  Lecture  is 
the  “ Oxy muriatic  acid  and  its  compounds,”  a subject  which  is  pursued 
in  several  successive  communications,  abounding  in  original  views  and 
new  discoveries.  It  is  in  these  papers  that  the  true  nature  of  oxymuriatic 
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acid  is  demonstrated,  that  the  views  of  Schee2li2  respecting  it  are  esta- 
blished, and  that  the  erroneous  reasoning  regarding  its  composition, 
originating  with  Berthollet,  and  sanctioned  by  the  assent  of  the 
chemists  of  Europe,  is  refuted  and  subverted.  Much  acute  reasoning, 
and  many  specimens  of  the  true  logic  of  the  science,  are  to  be  found  in 
these  details,  blended  with  sound  descriptions  of  new  compounds,  and 
new  applications  of  the  facts  that  were  developed : it  is  here  that  the 
nature  of  the  muriatic  acid  is  first  demonstrated;  that  oxymuriatic  acid 
(under  the  new  name  of  chlorine)  is  shown  to  be  an  undecompounded  sub- 
stance; that  a multiplicity  of  erroneous  views  respecting  their  compounds 
are  corrected,  and  others  established  upon  the  basis  of  experiment,  to  the 
exclusion  of  hypothetical  reasoning.  The  new  theory  to  which  these 
inquiries  led,  was  actively  canvassed  and  opposed ; but  the  objections 
urged  against  it  necessarily  yielded  to  the  sound  arguments  and  unequi- 
vocal experiments  upon  which  it  was  founded,  and  the  fame  which  the 
author  acquired,  by  the  gradual  admission  and  general  adoption  of  these 
new  modes  of  reasoning  and  of  research,  was  scarcely  inferior  to  that 
which  rewarded  his  more  brilliant  discovery  of  the  alkaline  bases.  The 
several  papers  which  follow  this  Lecture,  and  in  which,  among  other 
subjects,  the  nature  of  fluorine  and  of  iodine  are  discussed,  may  be  con- 
sidered as  continuations  and  illustrations  of  the  Bakerian  Lecture,  and 
they  each  contain  further  proofs  of  the  inventive  genius  and  talent  of 
their  author. 

Davy  had  now  established  himself  as  one  of  the  first  chemists  of 
Europe:  whether  we  found  his  claims  to  that  distinction  upon  the  number 
and  importance  of  his  original  discoveries,  or  upon  the  profundity  of  his 
reasoning  powers  displayed  in  their  applications,  and  stamping  a peculiar 
character  upon  his  inquiries.  About  this  time  he  became  desirous  of 
embodying  the  results  of  his  labors,  and  of  displaying  them  in  a more 
connected  and  systematic  form,  and,  accordingly,  in  1810,  he  published 
the  first  volume  of  his  Elements  of  Cheynieal  Philosophy^  a work  which, 
though  it  bears  some  marks  of  hasty  composition,  is  abundant  in  evi- 
dence of  the  author's  talent  as  an  eloquent  writer,  a clear  reasoner,  and  a 
shrewd  and  sagacious  experimentalist.  It  is  to  be  regretted  that  the 
second  volume  of  this  work  never  appeared ; for  although  it  be  true  that 
the  first  chiefly  embraced  those  parts  of  the  science  which  had  been  the 
particular  objects  of  his  successful  studies,  it  cannot  be  doubted  that  his 
genius  woulcl  have  cast  a new  light  upon  the  departments  of  chemistry 
with  which  he  was  less  immediately  intimate.  His  Elements  of  Agri- 
cultural Chemistry  appeared  shortly  after  the  Chemical  Philosophy;  it  is 
a work  containing  some  new  and  useful  facts  and  view^s,  and  is  well 
adapted  to  the  capacities  of  those  whom  he  intended  to  instruct. 

Sir  Humphry  had  now  laid  a secure  and  deep  foundation  of  permanent 
eminence  and  imperishable  reputation  as  a chemical  philosopher  of  the 
first  class ; but  whilst  he  w^as  thus  employed,  he  was  at  the  same  time 
reaping  equally  verdant,  though  less  durable  laurels,  as  a lecturer ; his 
style  w\is  peculiar  and  impressive ; his  eloquence  pow^erful  and  appro- 
priate; his  experiments  brilliant  and  original ; his  reasoning  refined  and 
acute.  But  to  dwell  further  upon  this  subject  would  lead  me  to  bio- 
graphical particulars  respecting  his  connection  with  the  Royal  Institution, 
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and  to  details  not  immediately  belonging  to  my  present  object,  wbicb  I 
willingly,  and,  indeed,  anxiously  avoid,  and  turn  with  pleasure  to  his 
discovery  of  the  Safety-lamp. 

The  first  paper  in  relation  to  this  subject  is  printed  in  the  Philosophical 
Transactions  for  1815,  and  was  followed  by  four  communications  bearing 
upon  tbe  same  inquiry,  the  last  of  which  w^as  read  to  the  Royal  Society 
in  January,  1817.  These  essays  would  alone  characterize  their  author 
as  a philosopher  of  no  common  stamp.  Finding  that  flame  would  not  recede 
through  tubes  of  very  small  diameters,  the  idea  occurred  to  him  of  con- 
structing a lamp,  the  flame  of  which  should  have  no  connexion  with  the 
surrounding  air,  except  by  capillary  tubes;  and  he  inferred,  from  previous 
experiments,  that  such  a lamp  might  safely  be  employed  for  the  illumina- 
tion of  coal-mines  infested  with  the  explosive  atmosphere  commonly  called 
Jire-damp.  He  then  endeavoured  to  ascertain  the  extent  to  which  the 
tubes  might  be  shortened  without  interfering  with  the  principle  of  safety, 
and  was  thus  led  to  cut  them  down  till  their  transverse  section  became 
a series  of  fine  meshes:  this  so  closely  resembled  wire-gauze^  that  he  was 
induced  to  try  how  far  that  tissue  would  prevent  the  passage  of  flame, 
and  finding  it  effectual,  he  employed  it  in  the  construction  of  his  lamp, 
and  ultimately  adopted  the  simple  and  efficient  arrangement  now  in  general 
and  successful  use.  His  researches  respecting  the  nature  of  flame,  and  the 
temperatures  at  which  combustion  may,  under  various  circumstances,  be 
carried  on,  are  parts  of  this  general  inquiry,  and  are  not  less  ingenious 
than  original. 

Sir  Joseph  Banks,  who  had  been  for  so  many  years  President  of  the 
Royal  Society,  died  in  June,  1820,  and  on  the  30th  of  November  follow- 
ing, Sir  Humphry  Davy  succeeded  to  that  high  and  honorable  office. 
IT  is  Discourses^  delivered  on  various  occasions  before  that  body,  will 
give  a fair  idea  of  the  general  style  of  his  eloquence  and  power  in  orato- 
rical composition.  He  continued  to  contribute  papers  as  heretofore,  and 
some  of  them  upon  subjects  of  much  interest,  ably  and  philosophically 
discussed:  among  them,  the  essays  on  the  modes  of  protecting  the  copper 
sheathing  of  ships  deserve  especial  notice*. 

In  the  course  of  the  year  1827,  Sir  Humphry’s  general  state  of  health 
became  much  impaired;  he  passed  the  greater  part  of  the  year  1828 
in  Italy,  and  terminated  his  memorable  existence  at  Geneva,  in  May,  1829, 
in  the  fifty-second  year  of  his  age. 

Of  this  eminent  and  extraordinary  person  two  biographical  memoirs 
have  appeared,  the  one  by  Dr.  Paris,  in  1831 ; and  the  other  by  his 
brother.  Dr.  John  Davy,  in  1836.  Neither  of  these  works  will  perhaps 
perfectly  satisfy  the  scientific  reader:  they  contain  a variety  of  interesting 
and  important  matter,  but  are  scarcely  sufficiently  ample  in  reference  to 
those  events  in  Sir  Humphry’s  life,  principally  connected  with  his 
chemical  pursuits,  and  bis  philosophical  eminence.  Dr.  Davy  has, 
however,  to  a considerable  extent,  filled  this  chasm  in  his  brother’s  bio- 
graphy, by  the  recent  republication  of  his  Lz/e,  in  the  form  of  a pre- 
fatory memoir  to  Sir  Humphry’s  collected  works.  These  volumes  are  a 

* A list  of  Sir  Ilunipbry  Davy’s  principal  publications  will  be  found  at  the  end 
of  Dr.  Paris’s  Avork.  ' 
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valuable  addition  to  the  philosophical  literature  of  Europe,  and  furnish 
the  chemical  reader  with  a wmrk  of  reference  of  great  interest  and 
usefulness. 

I became  acquainted  with  Sir  H.  Davy  very  soon  after  his 
arrival  in  London  in  1801,  having  been  introduced  to  him  as  a boy 
fond  of  chemistry,  I was  at  that  time  at  Westminster  School,  and 
often  stole  away  upon  a half  holiday,  to  pass  an  occasional  hour  at  the 
Royal  Institution;  soon  afterwards  I went  abroad,  and  as  soon  as  pos- 
sible after  my  return,  I renewed  my  acquaintance  with  Sir  Humphry;  this 
acquaintance  ripened  into  the  friendship  which  so  long  subsisted  between 
us,  and  which  ultimately  led  to  an  event  of  which  I shall  always  be  justly 
proud,  that  of  having  been  recommended  by  himself  as  a proper  person 
to  succeed  him  as  Professor  of  Chemistry  in  the  Royal  Institution;  to 
which  office,  after  having  delivered  a probationary  course  of  lectures 
during  the  preceding  spring,  I w^as  unanimously  elected  on  the  7th  of 
June,  1813.  From  the  time  that  Sir  Humphry  quitted  England  for  the 
Continent,  in  October,  1813,  till  his  return  in  1815,  and  during  his  sub- 
sequent visit  in  1818,  till  his  return  in  1820,  he  regularly  corresponded 
with  me ; and  in  the  intermediate  periods  I was  almost  constantly  in  the 
enjoyment  of  his  friendship  and  his  society,  or  a witness  and  occasional 
assistant  in  his  experimental  labors  in  the  laboratory  of  the  Royal 
Institution. 

From  this  correspondence  I have  selected  three  letters,  which  may,  I 
think,  be  interesting,  as  relating  to  some  of  the  points  touched  upon  in 
the  preceding  paragraphs: 

My  dear  Sir,  Paris,  December  11,  1813. 

I shall  enclose  for  the  Royal  Society  a paper,  containing  results  that,  I 
think,  will  interest  you.  You  will  be  so  good  as  to  give  the  paper  to  Sir  Joseph  as 
soon  as  you  have  perused  it.  I have  sent  him  a copy,  of  which  this  is  a duplicate. 
I wish  that  it  may  be  read  to  the  Royal  Society  as  soon  as  possible.  I transmit 
this  copy  to  you,  thinking  that  as  you  are  preparing  your  Course,  you  v/ill  be  glad 
to  make  an  acquaintance  with  (iodine)  a fourth  supporter  of  combustion.  Will  you 
have  the  kindness  to  inform  my  brother  of  the  contents  of  the  paper ; and  request 
him  to  use  some  delicacy  in  communicating  them  to  Dr.  Hope,  lest  too  great  a 
shock  should  be  given  to  the  Professor,  in  finding  the  last  hopes  of  oxymuriatic 
acid  destroyed?  I am  only  joking,  for  I know  the  Doctor  is  at  the  bottom  too 
genuine  a lover  of  science,  and  of  truth,  and  of  order,  to  preserve  an  arrangement 
which  Avill  have  few  advocates  three  months  hence. 

I leave  Paris  in  a few  days  for  Auvergne.  You  can  write  to  me  by  the 
Transport  Board  on  any  matters  of  science,  the  letter  being  open,  and  sent  under 
cover  to  Monsieur  le  Senateur  Comte  Real,  Bureau  de  Police,  Paris.  Kind 
remembrances  to  all  friends.  Lady  Davy  desires  her  best  compliments. 

I am,  my  dear  Sir,  very  sincerely  yours, 

Win.  T.  Brande,  Esq.,  Secretary  to  the  Royal  Society,  H.  Davy. 

Royal  Institution,  21,  Albemarle  Street,  London. 

Plis  next  letter  is  written  soon  after  his  arrival  in  Italy,  in  1818. 

My  dear  Sir,  Idria,  August  23,  1818. 

* 

Since  I wrote  to  you,  at  Vienna,  we  have  made  a very  long  journey.  I 
have  visited  the  most  interesting  parts  of  Hungary,  Styria,  Saltzbourg,  and  Carin- 
thia,  and  have  seen  some  mountain  scenery  quite  as  worthy  of  admiration  as  any  I 
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ever  saw  in  tlie  Swiss  Alps.  I have  lived  amongst  mountaineers  purer  and  more 
uncorrnpted  than  even  the  Swiss.  We  have  had  delightful  weather,  and  have  had 
full  enjoyment  of  summer,  fine  but  not  sultry,  in  districts  where,  without  fine 
weather,  there  could  have  been  but  little  pleasure. 

I will  not  write  a geological  letter,  or  describe  to  you  the  great  calcareous 
mountain-chain  that  runs  from  Kevnoud,  in  Hungary,  to  Berchtesgarten  in  Ba- 
varia, and  to  the  centre  of  Carniola,  with  its  belts  of  breccia,  its  intersections  of 
schist,  and  its  central  column  of  granite.  *****  But  I will  give  you  a line 
on  the  quicksilver  mines,  which  I came  here  to  see.  The  formation  is  in  bituminous 
schist,  which  sometimes  emits  inflammable  air,  and  which  alternates  with  limestone, 
like  the  Derbyshire.  I have  this  day  been  down  1120  feet,  and  returned  without 
being  salivated.  I pity  the  poor  workmen,  who  all  lose  their  teeth  in  a very  short 
time.  The  veins  of  cinnabar  are  very  beautiful;  and  one  I saw  nearly  a foot  in 
thickness.  My  wife  went  down  with  me,  and  visited  the  whole  mine,  which  is 
rather  a feat  to  be  talked  of  for  a lady. 

I found  a great  deal  of  inflammable  air  (Carburetted  Hydrogen)  in  the  great 
salt  mine  at  Helstedt ; the  salt,  like  the  quicksilver  here,  is  in  bituminous  schist. 
I taught  them  the  use  of  the  lamp,  wdiicli,  notwithstanding  the  science  of  their 
imperial  proprietor,  they  were  still  unacquainted  with.  A good  many  men  had 
been  burned  a few  months  ago.  Tlie  inflammable  air  is  found  in  largest  quantities 
where  the  blue  salt  is.  I have  been  again  searching  in  vain  for  the  cause  of  this 
extraordinary  colour. 

I sent,  in  a letter  to  Mr.  Hatchett,  a little  of  Professor  West’s  new  metal, 
Sirium:  I doubt  its  being  a simple  substance;  perhaps  you  will  try  a few  experi- 
ments upon  it.  I believe  I mentioned  to  you,  in  my  last  letter.  Count  Stadion’s 
Oxychloric  acid;  a very  curious  substance,  very  like  sulphuric  acid,  and  containing 
much  more  oxygen  than  Gay  Lussac’s  acid.  I have  used  detonating  powder  for 
Biviere’s  gun,  made  with  the  oxychlorate  of  Potassa,  to  use  Stadion’s  name,  and  it 
answers  perfectly.  I am  now  in  the  Proteus  country,  and  hope  to  send  Sir  Everard 
Home  some  alive;  I go  to  the  caverns  where  they  are  found,  the  day  after  to- 
morrow. I have  seen  nothing,  and  heard  nothing,  from  England  for  two  months. 
Pray  address  to  me,  Rome.  I shall  probably  be  there  by  the  middle  of  October, 
on  our  way  to  Naples. 

***** 

I am,  my  dear  Sir,  very  sincerely  yours, 

Wm.  Thos.  Brande,  Esq.,  Sec.,  R.S.  H.  Davy. 

Royal  Institution,  Albemarle  Street,  London. 

The  third  letter  was  written  shortly  previous  to  his  return  to  Eng- 
land, and  to  the  death  of  Sir  Joseph  Banks,  who  expired  at  his  villa  at 
Spring  Grove,  near  Isleworth,  on  the  19th  June,  1820. 

Hotel  de  la  Paix,  Rue  de  la  Paix,  Paris,  May  20,  1820. 

iMy  dear  Sir, 

It  is  long  since  I have  written  to  you,  but  unless  I have  something  to  com- 
municate, I do  not  like  to  trouble  my  friends ; and  in  Italy,  unless  I rung  changes 
upon  my  own  small  stock  of  scientific  results,  I had  nothing  to  state  in  the  way  of 
chemical  or  philosophical  information. 

Here,  there  is  little  going  on  which  yon  will  not  have  seen  noticed  in  the  journals. 
A subject  which  seems  to  awaken  much  attention,  is  the  increase  of  temperature  of 
the  surface  of  the  globe,  at  considerable  depths.  If  the  results  can  be  depended  on, 
and  are  not  influenced  by  accidental  causes,  the  geometricians  say  they  prove  that 
at  a few  miles  below  the  surface,  the  interior  must  be  intensely  hot ; of  a tempera- 
ture far  beyond  that  produced  in  any  of  our  artificial  operations.  The  subject  is, 
at  all  events,  a very  curious  one,  and,  in  its  geological  relations,  worth  a very  minute 
investigation. 

Lord  and  Lady  Spencer  are  here,  and  will  be  here  for  some  time ; they  this 
morning  gave  me  a piece  of  news  which  I hope  is  incorrect,  but  which  makes  us  all 
very  uneasy  : it  is  that  Sir  Joseph  is  going  to  resign  the  chair  of  the  Royal  Society. 
* * * * * Pray  write  me  a few  lines,  to  tell  me  if  this  be  true.  Feeling  very 

much  interested  in  the  progress  of  science  in  Great  Britain,  and  in  the  dignity  of 
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scientific  men,  and  of  the  Royal  Society,  I shall  deeply  regret  such  a measure,  if  it 
be  in  contemplation.  * * * ■^  * * From  the  way  in  wliich  Lord  Spencer 
expressed  himself,  I have  no  doubt  he  would  accept  the  chair  ; at  the  same  time, 
I did  not  put  the  question  to  him,  but  Lord  Spencer,  or  * * * "‘^  * * * * 

would  give  dignity  to  the  situation  ; and  scientific  Vice  Presidents,  might  keep 
alive  the  scientific  character  of  the  body.  • ♦ * Pray  write  to  me  by 

return  of  post  upon  this  subject,  which  I think  is  almost  a national  one. 

I am  much  obliged  to  you  for  your  Manual,  which  is  the  best  collection  and 
arrangement  of  chemical  science  existing.  I have  given  the  only  copy  I have 
received,  to  Sementini,  who  is  going  to  publish  immediately  an  Italian  translation  of 
it.  I preferred  making  it  subservient  to  the  progress  of  science,  to  keeping  it  for 
my  own  gratification.  Lady  Davy  joins  me  in  kind  remembrances  to  Mrs.  Braude. 

Believe  me  to  be,  my  dear  Sir,  very  sincerely  yours, 

Wm.  Brande,  Esq.,  Sec.  K.  S.,  &c.  II.  Davy. 

Royal  Institution,  Albemarle  Street,  London. 

Of  Sir  IIumphry’s  latter  days,  the  following  particulars  are  extracted 
from  the  interesting  narrative  of  his  friend  and  physician,  Dr.  Tobin, 
who  accompanied  him  on  his  last  journey  into  Italy,  and  was  with  him 
till  Ills  death.  Dr.  Tobin  says,  that  on  his  arrival  in  London,  March  26, 
1828,  he  found  Sir  Humphry  much  altered  during  the  four  years  which 
had  elapsed  since  he  last  saw  him,  and  it  Avas  evident  that  although  his 
mind  was  still  vigorous  and  full  of  energy,  his  bodily  infirmities  pressed 
heavily  upon  him.  On  the  morning  of  the  29th  of  March,  he  left  his 
house  in  Park  Street,  Grosvenor  Square,  for  Dover,  crossed  next  day  to 
Calais,  and  then  proceeded  up  the  Rhine,  and  through  Styria  and 
Carniola,  into  Italy.  He  arrived  at  Rome  on  the  18th  of  November, 
without  any  remarkable  change  in  his  health.  And,  as  it  appears  from 
Dr.  Tobin’s  narrative,  that  he  frequently  was  occupied  during  the  greater 
part  of  the  day  in  fly-fishing  and  shooting,  his  corporeal  strength  must 
have  been  considerable.  He,  however,  shunned  society,  and  passed  his 
evening,  and  such  days  as  he  kept  the  house,  in  being  read  to,  and  in 
playing  at  ecarte,  and  dictating  his  Visioti.  In  his  diary,  for  instance,  on 
the  31st  of  December,  1828,  Dr.  Tobin  says,  “Our  daily  life  has  hitherto 
been  as  monotonous  as  possible.  Sir  Humphry  sees  no  society,  and  Avishes 
to  see  none,  and  his  only  pleasure  and  amusement  seems  to  consist  in 
shooting.  He  drives  out  every  day  in  the  surrounding  Campagna,  often 
to  a distance  of  twelve  or  fourteen  miles  from  Rome,  Avhen  he  gets 
out,  and  rides  on  his  pony  over  the  fields  in  search  of  quails  or  snipes. 
On  his  return,  when  he  is  not  too  much  fatigued,  he  dictates  to  me  a 
continuation  of  his  Vision,  which  he  thinks  of  forming  into  a series  of 
dialogues  on  religion  and  other  subjects;  and  our  evenings  are  spent  as 
they  have  been  ever  since  we  left  Calais,  with  a game  or  two  at  cards, 
and  Avith  my  reading  to  him  different  works,  principally  English  and 
French,  Avhich  he  procures  from  a circulating  library  in  the  Corso.  I 
have  formed  no  acquaintances,  as  Sir  Humphry  AAUshes  me  not  to  do  so; 
])ut  Avlien  I have  copied  off  the  morning’s  dictation,  I often  take  a 
solitary  Avalk  in  the  garden  of  the  Pincio,  to  St.  Peter’s,  or  to  the 
Colosseum.”  (Tobin’s  Journal,  p.  196.) 

On  the  20th  of  February,  1829,  Sir  H.  Davy  Avas  attacked  Avith  a 
reneAved  stroke  of  palsy*,  Avhich  had  nearly  proved  fatal,  and  which 

1826,  and  to  have  appeared  after  his 
exertions  on  the  30th  of  November  in 


* Tlie  first  symptoms  of  this  disease 
seem  to  have  alarmed  him  in  the  year 
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induced  Dr.  Tobin  to  write  to  Dr.  Davy  at  Malta,  and  to  Lady  Davy  in 
London;  tlie  former  arrived  at  Rome  on  the  15th  of  March,  and  the  latter 
on  the  30th.  By  this  time  Sir  HuxMPIIRY  had  considerably  regained  the 
power  over  his  limbs,  and  was  able  to  lie  upon  the  sofa  the  greater  part 
of  the  day.  “It  seems  impossible,”  says  Dr.  Tobin,  “for  him  to  exist 
without  being  read  to,  and  on  one  day  I read  Shakspeare  to  him  for  nine 
hours.” 

On  the  30th  of  April,  Sir  HuiMPHry,  now  accompanied  by  his  wife  and 
brother,  left  Rome,  and  passing  through  Sienna,  Florence,  Genoa,  and 
Turin,  over  Mount  Cenis,  reached  Geneva  on  the  28th  of  May;  on  the 
29th,  the  following  is  recorded  in  Dr.  Tobin’s  Diary.  “ I quitted  Sir 
Humphry  yesterday  evening,  after  having  read  to  him  as  usual  till 
about  ten  o’clock.  Our  book  was  Smollett’s  Humphrey  Clmker,  and  little 
did  I think  it  was  the  last  book  he  would  ever  listen  to.  He  seemed  in 
tolerable  spirits,  but  upon  going  to  bed  was  seized  with  spasms,  which 
however,  were  not  violent,  and  soon  ceased.  I left  him  when  in  bed,  and 
bidding  me  ‘good  night,’  he  said  I should  see  him  better  in  the  morning. 
Lady  Davy  and  the  Doctor  also  quitted  him,  and  George  (his  servant) 
■went  to  bed  in  his  master’s  room,  as  he  always  had  done  since  Sir 
Humpliry’s  illness  at  Rome.  At  six  o’clock  this  morning,  Lady  Davy’s 
man-servant  came  to  my  room, and  told  me  that  Sir  Humphry  was  no  more ! 
I replied  that  it  was  impossible,  and  that  he  probably  only  lay  in  a torpor; 
but  1 went  down  to  his  room  instantly,  when  I found  that  the  servant’s 
words  were,  alas!  but  too  true.  I asked  George  why  he  had  not  called 
me,  when  he  said,  that  he  had  sent  up,  but  now  found  that  it  had  been 
to  a wrong  room.  He  told  me  that  Sir  Flumphry  went  to  sleep  after 
we  had  left  him,  but  that  lie  twice  waked,  and  that  at  half-past  one, 
hearing  him  get  out  of  bed,  he  went  to  him,  when  Sir  Humphry  said 
he  did  not  want  his  assistance,  and  poured  some  solution  of  acetate  of 
morphine  into  a wine-glass  of  water;  but  this  still  remained  untouclied 
upon  his  table.  George  then  helped  him  into  bed,  where  he  says,  he  lay 
quite  still  till  a little  after  two  o’clock,  when  hearing  him  groan,  he  went 
to  him,  and  found  that  he  was  senseless  and  expiring.  He  instantly 
called  up  Lady  Davy  and  the  Doctor,  and  sent  up,  as  he  believed,  to 
me ; but  Sir  Humphry,  he  says,  never  spoke  again,  and  expired  without 
a sigh. 

“ I had  so  often,  whilst  at  Rome,  seen  Sir  Humphry  lie  for  hours 
together  in  a state  of  torpor,  and  to  all  appearance  dead,  that  it  was 
ditficult  for  me  to  persuade  myself  of  the  truth;  but  the  delusion  at 
length  vanished,  and  it  became  too  evident  that  all  that  remained  before 
me  of  this  great  philosopher,  was  merely  the  cold  and  senseless  frame 
with  whicli  he  had  worked.  The  animating  spirit  had  fled  to  its  oft 
self-imagined  planetary  world,  there  to  join  the  rejoicing  souls  of  the 
great  and  good  of  past  ages,  soaring  from  system  to  system,  and  with 
them  still  to  do  good  in  a higher  and  less  bounded  sphere,  and  I knew 
that  it  was  freed  from  many  a wearisome  and  painful  toil.  Yet  I could 


that  year,  on  ■^vliich  occasion  he  delivered 
his  last  discourse,  at  the  anniversary 
meeting  of  the  Royal  Society ; and  some 
■w’ecks  afterwards,  whilst  upon  a shooting 


excursion  with  Lord  Gage,  in  Sussex,  he 
was  seized  with  a more  alarming  attack, 
from  tlie  immediate  effects  of  which  he 
however  soon  rallied. 
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not  look  upon  Sir  Humphry  as  he  was,  without  remembering  that 
w^hich  he  had  been,  and  my  tears  would  fall,  spite  of  my  effort  to  restrain 
them.” 

The  following  memorandum,  relating  to  the  last  hours  of  his  brother’s 
life,  is  given  by  Dr.  Davy  (^Memoirs^  vol.  ii.,  p.  365) : “ On  the  28th  of 
May,  1829,  we  arrived  at  Geneva:  at  five,  he  dined  at  table  and  made 
a tolerable  dinner;  after  dinner  he  w^as  read  to,  according  to  custom.  At 
nine  o’clock,  he  proposed  to  go  to  bed.  In  undressing,  he  struck  his 
elbow  against  the  projecting  arm  of  the  sofa  on  which  he  sat ; the  effect 
was  very  extraordinary ; he  was  suddenly  seized  with  an  universal  tremor; 
he  experienced  intense  pain  in  the  part  struck,  and  a sensation,  he  said, 
as  if  he  were  dying.  He  was  got  into  bed  as  soon  as  possible.  The 
painful  sensations  quickly  subsided,  and  in  a few  minutes  were  entirely 
gone.  There  was  no  mark  of  hurt  of  the  elbow,  no  pain,  or  remaining 
tenderness;  and  the  effect  of  the  blow  perplexed  him  no  less  than  it  did 
me:  a slight  feverish  feeling  followed,  which  he  thought  little  of;  he 
took  an  anodyne  draught  of  acetate  of  morphia,  and  then  desired  to  be 
read  to,  that  he  might  be  composed  to  sleep  by  agreeable  images. 

“ About  half-past  nine  he  wished  to  be  left  alone,  and  I took  my 
leave  of  him  for  the  night,  and  for  ever  on  earth.  His  servant,  who 
always  slept  in  his  room,  called  me  about  half-past  two,  saying  he  was 
taken  very  ill.  I went  to  him  immediately ; he  was  then  in  a state  of 
insensibility;  his  respiration  extremely  slow  and  convulsive,  and  the  pulse 
imperceptible:  he  was  dying;  and  in  a few  minutes  he  expired.  I thank 
God  I was  present  to  close  his  eyes.  In  death,  his  countenance  was 
composed,  and  of  its  mildest  expression,  indicative  of  no  pain  or  suffering 
in  the  separation  of  the  immortal  from  the  mortal  part.  This  fatal 
moment  was  about  three  a.m.  on  the  29th  of  Ma3^”  His  remains  were 
deposited  on  the  1st  of  June  in  the  burying-ground  without  the  walls  of 
Geneva,  and  close  to  the  grave  of  Professor  Pictet. 

The  theory  of  definite  proportionals  was  adopted  and  illustrated  by 
Sir  H.  Davy,  and  his  Ele7nenls  is  the  first  publication  in  which  it  was 
generally  applied.  This  theory  received,  about  the  same  time,  extensive 
elucidation  at  the  hands  of  M.  Gay  Lussac,  but  its  promulgation  in  this 
country  is  chiefly  to  be  attributed  to  Dr.  Wollaston,  whose  admirable 
suggestion  of  a synoptic  scale  of  chemical  equivalents,  already  referred 
to,  was  brought  before  the  Royal  Society  in  November,  1813.  Many  years 
previous  to  this  he  had  established  the  important  doctrine  of  multiple 
proportions,  in  a paper  “ On  Super-acid  and  Sub-acid  Salts,”  printed 
in  the  Philosophical  Transactions  for  the  year  1808:  he  now  showed 
the  important  practical  applications  of  which  the  theory  was  suscep- 
tible, and  by  connecting  the  scale  of  equivalents  with  Gunters  sliding 
rule,  has  put  into  the  hand  of  the  chemist  an  instrument  infinite  in  its 
uses,  and  equally  essential  to  the  student,  the  adept,  and  the  manu- 
facturer. 

Dr.  Wollaston’s  first  contribution  to  the  Transactions  of  the  Royal 
Society  was  in  June,  1797?  being  an  essay  On  Gouty  and  Ut'mous  Con- 
cretions^ in  which  he  made  known  several  new  compounds  connected  with 
the  production  of  those  maladies,  in  addition  to  the  uric  combinations 
previously  discovered  by  Scheele  : these  were.  Phosphate  of  Lime ; 
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Ammonio-magnesian  Phosphate ; a mixture  of  the  two,  forming  the 
fusible  Calculus;  Oxalate  of  Lime;  and,  more  lately,  lie  added  Cystic 
Oxide  to  the  list  of  his  previous  discoveries.  {Phil.  Trans. 1810.)  In 
1804  and  1805,  lie  made  known  Palladium  and  Rhodium,  two  new  metals 
contained  in  the  ore  of  platinum,  and  associated  with  Osmium  and 
Iridium,  discovered  about  the  same  time  by  Tennant.  In  1809,  he 
showed  that  the  supposed  new  metal.  Tantalum,  was  identical  with 
Columbium,  previously  discovered  by  Hatchett;  and  shortly  before 
his  death,  which  happened  on  the  22d  of  December,  1828,  in  the  sixty- 
third  year  of  his  age,  he  transmitted  to  the  Royal  Society  the  Bakerian 
Lecture.,  in  which  he  fully  describes  his  ingenious  method  of  rendering 
platinum  malleable. 

Dr.  Wollaston  made  a few  other  chemical  communications  to  the 
Royal  Society,  but  his  papers  are  chiefly  on  subjects  more  immediately 
connected  with  physical  and  physiological  inquiries : they  are  all  remark- 
able for  the  singular  and  satisfactory  simplicity  of  his  experimental 
methods,  for  the  perspicuity  of  his  theoretical  deductions,  and  for  the 
extreme  caution  with  which  he  touches  upon  generalizations  and  hypo- 
thesis. His  uncommon  tact,  neatness,  and  dexterity  as  an  experimental 
chemist,  will  never  be  forgotten  by  those  who  had  an  opportunity  of 
witnessing  his  performance  of  any  analytical  operation;  he  practised  a 
peculiar  method  of  microscopic  research,  in  which  he  willingly  instructed 
those  who  asked  his  information;  and  we  owe  to  him  numerous  abbre- 
viations of  tedious  processes,  and  a variety  of  improvements  in  the  appli- 
cation of  tests,  which  have  gradually  become  public  property,  although  he 
never  could  be  induced  to  describe  his  manipulations  in  print,  or  to  com- 
municate to  the  world  his  happy  and  peculiar  contrivances. 

Of  Dr.  Wollaston,  (who  was  born  at  East  Dereham,  in  Norfolk, 
on  the  8th  of  August,  1766,)  no  authentic  biography  has  yet  appeared: 
the  following  are  a few  memoranda  respecting  his  last  illness,  which 
were  obtained  from  conversation,  at  the  time,  with  some  of  his  intimate 
friends. 

In  October,  1827,  while  accompanjing  a friend  to  Cashiobury,  the  seat 
of  the  Earl  of  Essex,  he  spoke  of  a numbness  which  he  had  for  some  time 
felt  in  his  left  arm,  and  which  he  stated  he  considered  as  a symptom  of 
paralysis,  a disease  to  which  his  father  and  eldest  brother  had  fallen 
victims,  and  of  which,  at  a subsequent  period,  another  brother  also  died. 
In  June,  1828,  while  on  a fishing  excursion  at  Stockbridge,  feeling  some 
stronger  premonitory  indications  of  a paralytic  seizure,  he  abruptly  quitted 
his  amusement,  and  returned  to  London.  In  July  of  the  same  year, 
while  on  a visit  to  the  late  Earl  Spencer,  at  the  Isle  of  Wight,  he  noticed 
that  a part  of  the  retina  of  his  left  eye  had  become  insensible  to  the 
action  of  light.  In  the  month  of  September,  he  went  upon  a shooting 
excursion  to  Mr.  Whitbread’s  in  Bedfordshire,  where  he  remained  eight 
days,  and  enjoyed  his  sport;  one  evening  he  jokingly  said,  “Eor  the 
first  time  in  my  life  I count  my  game  by  the  quarter  of  a hundred,” 
having  killed  twenty-five  head.  He  returned  home  better  in  health;  but 
soon  after,  the  sensation  in  his  arm  became  worse,  and  whilst  staying  with 
Mr.  Blake  in  Hertfordshire,  he  felt  so  unwell  and  uncomfortable,  as  to 
be  obliged  to  return  home  a day  or  two  earlier  than  he  intended.  In  the 
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course  of  the  following  week,  symptoms  more  decidedly  alarming,  came 
on ; the  use  of  his  arm  was  much  impaired,  and  the  muscles  of  the  face 
and  organs  of  speech  were  affected ; his  mental  faculties,  however, 
remained  entire  to  the  last.  He  was  sedulously  attended  by  several 
medical  friends,  and  especially  by  Dr.  James,  Somerville,  who  remained 
in  the  house  during  his  illness,  and  until  his  death. 

The  loss  of  two  such  men  as  Wollaston  and  Davy,  within  so  short 
a period,  and  scarcely  beyond  the  prime  of  life,  was  a serious  national 
calamity:  the  sketch  which  I have  given  of  their  labors  is  a most  imper- 
fect outline;  but  it  would  have  been  improper  and  indecorous  to  have 
dismissed  this  brief  History  of  Chemistry  without  such  notice,  and  I 
shall  conclude  with  the  following  delineation  of  their  intellectual  por- 
traits, for  which  we  are  indebted  to  the  late  Dr.  Henry.  {Elem.  of  Chem.^ 
.1 1th  edit.,  viii.) 

“To  those  high  gifts  of  nature,  which  are  the  characteristics  of  genius, 
and  which  constitute  its  very  essence,  both  those  eminent  men  united  an 
unwearied  industry  and  zeal  in  research,  and  habits  of  accurate  reasoning, 
without  which  even  the  energies  of  genius  are  inadequate  to  the  achieve- 
ment of  great  scientific  designs.  With  these  excellencies,  common  to 
both,  they  were  nevertheless  distinguishable  by  marked  intellectual  pecu- 
liarities. Bold,  ardent,  and  enthusiastic,  Davy  soared  to  greater  heights; 
he  commanded  a wider  horizon;  and  his  keen  vision  penetrated  to  its 
utmost  boundaries.  His  imagination,  in  the  highest  degree  fertile  and 
inventive,  took  a rapid  and  extensive  range  in  pursuit  of  conjectural 
analogies,  which  he  submitted  to  close  and  patient  comparison  with 
known  facts,  and  tried  by  an  appeal  to  ingenious  and  conclusive  experi- 
ments. He  was  imbued  with  the  spirit,  and  was  a master  in  the  practice, 
of  the  inductive  logic;  and  he  has  left  us  some  of  the  noblest  examples  of 
the  efficacy  of  that  great  instrument  of  human  reason  in  the  discovery  of 
truth.  He  applied  it,  not  only  to  connect  classes  of  facts  of  more  limited 
extent  and  importance,  but  to  develop  great  and  comprehensive  laws, 
which  embrace  phenomena  that  are  almost  universal  to  the  natural  world. 
In  explaining  those  laAvs,  he  cast  upon  them  the  illumination  of  his  own 
clear  and  vivid  conceptions;  he  felt  an  intense  admiration  of  the  beauty, 
order,  and  harmony,  which  are  conspicuous  in  the  perfect  Chemistry  of 
Nature;  and  he  expressed  those  feelings,  with  a force  of  eloquence, 
which  could  issue  only  from  a mind  of  the  highest  powers,  and  of  the 
finest  sensibilities.  With  much  less  enthusiasm  from  temperament.  Dr. 
Wollaston  was  endowed  with  bodily  senses  of  extraordinary  acuteness  and 
accuracy,  and  with  great  general  vigour  of  understanding.  Trained  in 
the  discipline  of  the  exact  sciences,  he  had  acquired  a powerful  command 
over  his  attention,  and  had  habituated  himself  to  the  most  rigid  correct- 
ness, both  of  thought  and  language.  He  was  sufficiently  provided  with 
the  resources  of  the  mathematics,  to  be  enabled  to  pursue,  wdth  success, 
profound  inquiries  in  mechanical  and  optical  philosophy,  the  results  of 
which  enabled  him  to  unfold  the  causes  of  phenomena,  not  before  under- 
stood, and  to  enrich  the  arts,  connected  with  those  sciences,  by  the  inven- 
tion of  ingenious  and  valuable  instruments.  In  Chemistry,  he  wms  dis- 
tinguished by  the  extreme  nicety  and  delicacy  of  his  observations;  by 
the  quickness  and  precision  wdth  which  he  marked  resemblances,  and 
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discriminated  differences;  the  sagacity  with  which  he  devised  experiments, 
and  anticipated  their  results;  and  the  skill  with  which  he  executed  the 
analyses  of  fragments  of  new  substances,  often  so  minute  as  to  be  scarcely 
perceptible  by  ordinary  eyes.  He  was  remarkable,  too,  for  the  caution, 
with  which  he  advanced  from  facts  to  general  conclusions ; a caution 
which,  if  it  sometimes  prevented  him  from  reaching  at  once  to  the  most 
sublime  truths,  yet  rendered  every  step  of  his  ascent  a secure  station, 
from  which  it  was  easy  to  rise  to  higher  and  more  enlarged  in- 
ductions.” 

The  talented  author  of  the  preceding  paragraph  is  himself  now  amongst 
those  who  claim  a place  in  this  historical  outline  of  the  progress  of  chemi- 
cal philosophy.  In  the  address  delivered  at  the  Anniversary  Meeting  of  the 
Royal  Society,  on  the  30th  November,  1836,  the  President  says,  The  last 
name  which  occurs  in  the  melancholy  list  of  our  departed  associates  is 
that  of  Dr.  William  Henry,  to  whom  the  science  of  Chemistry  gene- 
rally, and  of  Gaseous  Chemistry  in  particular,  is  under  great  obligations. 
He  was  the  author  of  nine  papers  in  our  Transactions^  many  of  them  of 
great  merit;  and  his  Elements  of  Chemistry  is  one  of  the  best-written  and 
best  arranged  compendiums  of  that  important  and  extensive  science 
which  has  been  published  of  late  years,  whether  in  our  own  or  in  any 
other  language.  The  Memoirs  of  the  Manchester  Society  are  chiefly 
indebted  to  him,  in  conjunction  with  Dr.  Dalton,  for  the  high  character 
which  they  have  so  long  maintained.  Dr.  Henry,  like  Dr.  Wollaston, 
made  the  results  of  science,  obtained  by  the  most  original  and  difficult 
researches,  the  foundation  of  a splendid  fortune;  and  few  persons  have 
contributed  more  effectually  by  their  discoveries  and  exertions  to  the  pro- 
motion of  those  arts  and  manufactures  which  form  the  foundation  of  the 
prosperity  of  a great  commercial  nation.” 
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A MANUAL  OF  CHEMISTRY. 


Chapter  I. 

HOMOGENEOUS  ATTRACTION.  CRYSTALLIZATION. 

y T is  the  oliject  of  Chemistry  to  discover  the  composition  of  the  varieties 
L of  matter  and  to  investigate  the  causes  and  effects  of  all  changes 
in  their  constitution,  whether  produced  by  heat,  mixture,  or  other  means. 
The  general  range,  therefore,  of  this  science  is  so  extensive,  and  the 
individual  cases  requiring  explanation  so  numerous,  that  Arrangement 
is  of  much  consequence  to  its  successful  study.  In  the  present  state 
of  our  knowledge,  it  appears  most  convenient  to  begin  with  the  dis- 
cussions relating  to  general  powers  and  properties  of  matter^  and  after- 
w'ards  to  proceed  to  the  examination  of  individual  substances^  and  to  the 
phenomena  which  they  offer  when  presented  to  each  other  under  circum- 
stances favourable  to  the  exertion  of  their  mutual  chemical  agencies. 

The  powers  and  properties  of  matter,  connected  with  chemical  changes, 
may  be  considered  under  the  heads  of  Homogeneous  Attraction,  or  Aggre- 
gation; Heat;  Light;  Heterogeneous  or  Chemical  Attraction,  or  Affinity; 
Electricity,  and  Magnetism. 

§ I . Attraction.  Aggregation.  Crystallization. 

Attraction  may  be  regarded  as  acting  at  sensible  and  at  insensible 
distances.  In  the  former  case,  it  is  called  gravitation.  It  is  the  power 
by  which  substances  are  propelled  towards  the  earth ; it  exists  in  all 
known  forms  of  matter;  it  acts  directly  as  the  mass,  and  inversely  as  the 
square  of  the  distance  : restrained  by  inertia.)  it  preserves  the  planetary 
bodies  in  their  orbits,  presides  over  their  movements,  and  tends  to  confer 
upon  the  system  of  the  universe  that  consummate  harmony  which  Newton 
first  unveiled. 

Attraction  is  also  exerted  at  insensible  distances,  and  among  the 
atoms  of  matter.  It  thus  preserves  the  form,  and  modifies  the  texture 
of  solids ; gives  a spherical  figure  to  fluids ; causes  the  adhesion  of  sur- 
faces ; and  influences  the  mechanical  characters  of  bodies.  The  different 
forces  with  which  it  is  exerted  are  seen  in  the  different  qualities  of 
solids,  which  are  sometimes  exceedingly  hard  and  difficultly  divisible,  as 
diamond,  rock-crystal,  &c. : others  are  comparatively  soft  or  brittle,  and 
exhibit  less  intensity  of  aggregation,  such  as  calcareous  spar,  chalk,  &c.  : 
and  in  others  the  power  is  so  modified  as  to  produce  plasticity,  porosity, 
elasticity,  and  tenacity,  as  seen  in  clay,  sponge,  caoutchouc,  and  iron. 

As  gravitation  is  counteracted  by  inertia,  so  is  aggregation  opposed 
by  heat;  and  it  is  probable  that  the  different  states  or  forms  of  matter 
are  chiefly  dependent  upon  the  relative  intensities  of  these  antagonist 
forces.  In  solids  aggregation  predominates  so  as  to  prevent  their  par- 
ticles freely  moving  upon  each  other ; but  in  fluids  they  move  upon  each 
other  with  the  utmost  ease,  and  in  some  more  readily  than  in  others; 
hence  their  division  into  liquids  or  inelastic  finds.)  and  aeriform  or  elastic 
fuids. 

VoL.  I. 
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The  dimensions  of  liquids  are  not  materially  influenced  by  pressure; 
they  were,  indeed,  for  a long  time  considered  as  absolutely  inelastic  and 
incompressible;  this,  however,  is  not  strictly  true,  although  the  force 
required  to  change  their  volume  is  great,  and  the  extent  of  the  change 
small.  The  following  table  shows  the  amount  of  compression  of  four 
liquids,  deduced  from  the  experiments  of  Oersted,  in  millionths  of  their 
volume,  for  each  additional  atmosphere. 

Mercury 2‘G5  millionth  parts.  Water  46’65  millionth  parts. 

Alcohol 21'C5  „ Ether 61*65  „ 

By  plunging  a vessel  of  water  into  the  sea  to  a depth  of  1000 
fathoms,  the  compression  is  said  to  amount  to  one-twentieth  of  the  bulk. 
In  all  cases  after  the  pressure  is  withdrawn,  the  liquids  reassume  their 
original  bulks. 

The  permanent  gases  appear  to  be  indefinitely  elastic  and  compressible, 
their  volume,  as  was  first  accurately  ascertained  by  Mariotte,  being  in- 
versely as  the  pressure;  so  that  supposing  100  volumes  of  atmospheric 
air  under  a pressure  of  100  pounds  to  be  subjected  to  the  pressure  of  200 
pounds,  its  bulk  would  be  reduced  to  50  volumes,  and  augmented  to  200 
volumes  under  a pressure  of  50  pounds.  (See  Atmospheric  Air.)  But 
although  this  law  holds  good  in  respect  to  atmospheric  air  and  its  com- 
ponents, and  to  such  gases  as  have  not  been  coerced  into  liquids,  it  fails 
with  respect  to  the  latter,  especially  when  they  approximate  liquefac- 
tion: thus  if  we  compare  air  with  sulphurous  acid,  the  volumes  under 
equal  pressures  will  be  as  follows. 


Air. 

Sulphurous  Acid. 

Air. 

Sulphurous  Acid. 

1000  

1000 

559  

554 

853  

851 

314  

301 

It  is  therefore  not  improbable,  that  every  aeriform  fluid,  under  adequate 
pressure,  would  exhibit  similar  irregularities,  inasmuch  as  it  is  probable 
that,  under  such  circumstances,  each  would  ultimately  become  liquid. 

The  influences  of  heat  upon  matter  will  be  fully  discussed  in  the 
section  upon  that  subject. 

The  mutual  attraction  between  the  surfaces  of  solids  and  liquids  gives 
rise  to  the  phenomena  of  capillary  attraction^  so  called  from  its  causing 
the  visible  rise  of  fluids  in  tubes  of  small  bore : thus,  if  a tube,  with  a 
capillary  bore  of  one-fiftieth  of  an  inch,  be  dipped  at  one  end  into  a glass 
of  water,  the  water  rises  to  about  2f  inches,  and  the  rise  is  great  in  pro- 
portion to  the  smallness  of  the  bore.  If  two  plates  of  perfectly  clean  glass 
be  so  held  as  to  form  a very  acute  angle  with  each  other,  and  their  lower 
edges  be  then  dipped  into  water,  the  liquid  rises  in  the  f&rm  of  a curve 
(hyperbola)  between  the  plates,  rising  highest  where  the  space  between 
them  is  least.  It  is  in  consequence  of  this  species  of  attraction  that  a 
drop  of  water  upon  a solid  surface  wets  and  adheres  to  it ; and  that  the 
surface  of  the  water  in  a clean  tumbler  is  not  truly  level,  but  a little 
elevated  upon  the  edges.  These  phenomena  depend  upon  the  nature  of 
the  substances  presented  to  each  other;  thus  water  will  not  rise  upon 
greasy  glass,  or  wax ; and  hence  also  different  liquids  rise  to  different 
heights  in  the  same  tube,  independent  of  their  specific  gravities,  and  of 
their  relative  degrees  of  viscidity ; and  mercury  not  only  does  not  rise, 
but  is  depressed  in  the  bore  of  a common  glass  tube  : so  that,  unlike 
water,  it  presents  a convex  instead  of  a concave  surface  when  poured 
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into  a glass,  because  the  attraction  of  the  particles  of  the  mercury  for 
each  other  is  great,  and  they  are  not  attracted  by  those  of  the  glass  ; 
in  other  words,  they  are  incapable  of  ^vetting  it.  “The  mercury  within 
the  tube  is  cut  off  by  the  inactive  surface  of  the  glass  from  the  homoge- 
neous attraction  of  the  surrounding  mass ; its  own  self-attractive  force 
therefore  acts  as  from  its  centre,  drawing  its  particles  together  and 
causing  them  to  assume  more  or  less  of  a globular  aggregation,  according 
to  the  same  law  which  determines  the  spheroidal  form  of  a suspended 
drop  of  liquid.”  (Daniell’s  Introd.^  § 83.)  The  rising  of  fluids  in 
porous  and  spongy  bodies,  the  ascent  of  oil  or  spirit  in  the  wicks  of 
lamps,  the  diffusion  of  moisture  in  the  earth,  and  the  distribution  of  the 
juices  of  plants,  are  a few  of  the  important  consequences  of  capillary 
attraction. 

A similar  adhesive  attraction  takes  place  also  between  solids  and 
aeriform  bodies,  as  is  illustrated  by  the  following  experiments.  Sift  some 
magnesia  upon  the  surface  of  water,  and  it  will  presently  sink  to  the  bot- 
tom ; sift  in  the  same  way  some  fine  iron  filings,  and  although  their 
specific  gravity  is  nearly  four  times  greater  than  that  of  magnesia,  and 
between  seven  and  eight  times  greater  than  that  of  water,  they  float  upon 
the  surface,  and  to  such  an  extent,  that  a stratum  of  considerable  thick- 
ness may  be  laid  on  the  liquid ; this  at  length  sinks  in  considerable 
masses,  when  it  is  seen  that  they  had  been  previously  buoyed  up  by  the 
adhesion  of  air,  which  their  accumulated  weight  even  carries  with  them 
to  the  bottom,  the  surface  of  each  fragment  of  metal  having  been 
enfilmed  with  air,  which  prevented  its  being  wetted  by  the  water:  in  the 
case  of  the  magnesia,  its  attraction  for  air  being  less,  it  was  more  easily 
displaced  by  the  water.  The  force  of  adhesion  of  air  to  glass  is  also  con- 
siderable, and  to  this  cause  Daniell  refers  the  gradual  deterioration  of 
barometers  by  the  creeping  up  of  air  between  the  mercury  and  the  tube, 
an  effect  w'hich  he  ingeniously  prevented  by  welding  a ring  of  platinum 
to  the  bottom  of  the  tube,  w hich  admits  of  being  ^vetted  by  the  mercury, 
and  so  intercepts  the  ingress  of  the  air.  The  welding  of  the  platinum  to 
the  hot  glass  is,  he  observes,  a good  instance  of  strong  heterogeneous 
attraction.  {Introd.  § 87.) 

The  adhesion  of  air  to  a liquid  is  shown  by  the  quantity  which  escapes 
when  water  is  poured  from  one  vessel  into  another,  the  air  attached  to 
its  surface  being  carried  down  by  the  momentum  of  the  falling  mass  and 
again  escaping  in  bubbles : the  foam  of  water-  falls  results  from  the  same 
cause,  and  it  is  thus  that  air  gradually  pervades  masses  of  water,  and 
tends  to  its  entire  aeration,  so  as  to  fit  it  for  the  respiration  of  aquatic 
animals,  and  for  the  sustenance  of  vegetable  life.  This  air  escapes  under 
diminished  pressure,  and  may  be  entirely  expelled  by  long-continued 
boiling. 

The  results  of  attraction,  as  relating  to  the  shape  and  form  of  matter, 
are,  in  many  cases,  much  influenced  by  the  circumstances  under  which 
it  has  taken  place  : sometimes  the  particles  are,  as  it  w^ere,  indiscrimi- 
nately collected ; at  others,  they  are  symmetrically  arranged,  producing 
regular  and  determinate  figures ; in  this  case,  bodies  of  the  same  com- 
position often  affect  the  same  form  ; hence  we  are  not  unfrequently  en- 
abled to  infer  the  composition  of  a substance  from  accurate  inspection  of 
its  mechanical  characters. 
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Identity  of  form,  however,  is  not  necessarily  associated  with  identity 
of  composition,  for  certain  substances  may  be  substituted  for  each  other 
in  combination,  without  afPecting  the  form  of  the  compound.  Thus  the 
arseniate  and  binarseniate  of  soda  have  the  same  forms  as  the  phosphate 
and  biphosphate  of  soda ; and  the  arseniate  and  binarseniate  of  ammonia 
resemble  the  phosphate  and  biphosphate  of  that  alkali.  Professor 
Mitscherlich,  {^Ann.  Ch.  et  Ph.^  xiv.  xix.  xxiv.)  to  whom  we  owe  these 
and  other  facts  connected  with  the  subject  which  we  shall  consider 
afterwards,  terms  such  salts  isomorphous^  and  has  shown  that  there  is  a 
remarkable  analogy  in  the  chemical  arrangement  of  their  constituents. 
Thus,  in  the  above  instances,  the  equivalents  of  acid,  base,  and  water 
of  crystallization,  correspond ; and  he  has  traced  a similar  correspon- 
dence in  the  atomic  constitution  of  the  acids  and  bases  of  the  salts.  Thus 
the  arsenic  and  phosphoric  acids  each  include  two  equivalents  of  base  and 
five  of  oxygen,  and  are  therefore  themselves  isomorphous;  so  also  phos- 
phorus and  arsenic  are  presumed  to  be  isomorphous,  isomorphous  com- 
pounds in  general  appearing  to  arise  from  isomorphous  elements.  So 
also  in  respect  to  the  isomorphism  of  the  sulphates,  seleniates,  chromates, 
and  manganates  of  the  same  base,  each  of  the  acids  in  these  cases  con- 
taining three  atoms  of  oxygen  to  one  of  sulphur,  selenium,  &c.  In  res- 
pect to  bases,  similar  analogies  are  observable  : thus  the  salts  formed  by 
magnesia,  the  protoxides  of  zinc,  iron,  nickel,  cobalt,  and  copper,  with  a 
common  acid,  are  isomorphous;  and  alumina  and  the  sesquioxides  of 
chromium,  manganese,  and  iron,  each  of  which  contain  two  atoms  of  base 
and  three  of  oxygen,  replace  each  other  in  many  combinations  without 
change  of  crystalline  figure,  as  is  especially  well  illustrated  in  some  of 
their  double  salts. 

In  reference  to  this  definition  of  the  terra  isomorphism,  the  following 
tabular  view  of  certain  “ isomorphous  groups  ” will  be  intelligible. 


Chlorine  i Chloric  acid CIO  5 

Iodine  J>  Iodic  acid  I Os 

Bromine  j Bromic  acid BrOs 

Sulphur  1 Sulphuric  acid....  SOs 

Selenium  j Selenic  acid Se  O 3 

Phosphorus  I Phosphoric  acid  . P2O5 

Arsenic  / Arsenic  acid  As2  Os 

Barium  1 [BaO 

Strontium  > Their  protoxides.  <!  Sr  O 

Lead  ) |Pb  O 


Potassium  ] / K O 

Sodium  > Their  protoxides,  i Na  O 
Ammonium  J [ NH  4 O 


Calcium 

Magnesium 

Manganese 

Iron 

Zinc 

Cadmium 

Cobalt 

Nickel 

Aluminum 

Manganese 

Iron 

Chromium 


CaO 
Mg  O 
MnO 

Their  protoxides.  I o 

Cd  O 
CoO 
NiO 

^ AI2  O3 

Their  lMn2  03 
sesquioxides.  |Fe2  03 
lCr2  03 


The  further  details  respecting  the  analogies  prevalent  among  these 
groups  and  their  respective  combinations,  will  be  found  under  the  history 
of  the  individual  compounds. 

The  regular  polyhedral  solids  resulting  from  homogeneous  attraction 
are  usually  called  crystals;  and  the  bodies  are  said  to  be  susceptible  of 
crystallization.  To  enable  the  particles  of  bodies  to  assume  that  symmetry 
of  form  which  crystals  exhibit,  it  is  obvious  that  they  must  have  freedom 
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of  motion;  and,  accordingly,  the  first  step  towards  obtaining  a body  in 
its  perfect  crystalline  state,  is  to  confer  upon  it  either  the  form  of  liquid 
or  vapour,  as  by  solution  in  water  or  other  liquid,  or  by  the  application 
of  heat. 

When  common  salt  is  dissolved  in  water,  its  particles  may  be  regarded 
as  disposed  at  regular  distances  throughout  the  fluid ; and  if  the  quantity 
of  water  be  considerable,  the  particles  will  be  too  far  asunder  to  exert 
reciprocal  attraction:  in  other  words, they  will  be  more  powerfully  attracted 
by  the  water  than  by  each  other.  If  we  now  slowly  get  rid  of  a portion 
of  the  water  by  evaporation,  some  of  the  saline  particles  will  gradually 
approach  and  aggregate  according  to  certain  laws,  producing  a regular 
solid  of  a cubic  foryn;  another  portion  of  the  salt  will  remain  dissolved 
in  the  residuary  water,  which  is  usually  called  the  mother  liquor. 

When  certain  crystallized  substances  are 
slowly  acted  upon  by  water,  its  influence  is 
often  curiously  modified  by  the  texture  of 
the  saline  mass.  (Daniell,  Quart.  Journ..^  I.) 

If  for  instance,  a shapeless  lump  of  alum  be 
immersed  in  cold  water,  in  a few  days  the 
surface  of  the  salt  will  be  eaten  and  carved 
out  into  a variety  of  regular  forms,  some- 
what as  represented  in  the  annexed  cut.  If 
we  now  put  a drop  of  the  solution  upon  a 
plate  of  glass,  as  the  water  slowly  evapo- 
rates, the  particles  of  alum  which  it  con- 
tained congregate  into  regular  forms,  which, 
when  examined  by  a lens,  appear  as  in  fig. 

2,  and  are  small  eight-sided  figures,  or 
octohedra.  In  this  case  the  water  is  said  to 
be  the  solvent  of  the  alum,  and  the  process 
by  which  it  is  obtained  in  regular  forms  or 
crystals.,  is  called  crystallization.  In  this 
and  similar  instances,  the  crystals  are  liable 
to  certain  modifications ; thus,  among  the 
small  octohedrons,  to  which  we  have  adverted,  it  is  not  uncommon  to  find 
some,  the  angles  of  which  are  cut  off,  or  truncated.,  or  replaced  by 
secondary  surfaces ; sometimes  the  edges  too  are  similarly  modified,  and 
the  crystals  assume  these  figures : 


Most  of  the  saline  substances  soluble  in  water  may  be  thus  exhibited 
ill  a crystalline  form;  and  as  each  substance  usually  assumes  a distinct 
figure,  or  is  characterized  by  some  obvious,  and,  at  the  same  time,  peculiar 
properties,  we  are  often  enabled  to  pronounce  upon  the  chemical  nature 
or  composition  of  a body,  by  a careful  examination  of  its  crystalline  forms; 
and  such  experiments  are  particularly  neat  and  satisfactory,  in  consequence 
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of  their  facility,  and  the  small  scale  upon  which  they  may  he  performed : 
for  the  figures  of  the  smallest  crystals  obtained  from  a drop  of  their 
solution,  resemble  the  large  ones  formed  in  gallons  of  it;  and  although, 
in  collecting  specimens  of  crystallized  salts,  it  is  convenient  to  have  them 
large  and  perfect,  the  smallest  ones  that  may  be  viewed  through  a micro- 
scope furnish  the  chemist  with  equally  satisfactory  evidence  of  the  nature 
of  the  dissolved  salt:  for  instance;  put  a tea-spoonful  of  common  salt, 
nitre,  Glauber’s  salt,  and  Epsom  salt,  into  separate  wine  glasses:  fill  them 
up  with  water,  and  occasionally  stir  their  contents  to  help  the  solution: 
when  dissolved  take  a drop  of  the  clear  liquor,  with  a glass  rod,  out  of 
each  of  the  wine-glasses,  and  place  them  side  by  side  upon  a strip  of 
clean  glass,  which  may  be  placed  upon  a chimney-piece,  or  somewhere 
very  gently  warmed.  As  the  water  evaporates,  the  salts  will  crystallize, 
and  we  shall  observe  the  following  figures  appropriate  to  each:  the 
common  salt  exhibits  cubes;  the  Epsom  sided  prisms;  the  nitre 

six-sided  prisms;  the  Glauber*’s  salt,  striated  six-sided  jjrisms. 


^ 0 0 OS 

^ A - 

a _ <7  /^/yj 


n n “ 

0^0 O V 

Common  Salt. 


Epsom  Salt. 


Nitre. 


Glauber’s  Salt. 


The  Glauber’s  salt  and  the  nitre  might  possibly  at  first  be  mistaken 
for  each  other,  but,  while  the  latter  remains  unaltered  by  exposure  to 
air,  the  former  soon  loses  its  transparency,  and  crumbles  down  into  white 
powder.  Salts  which  behave  thus  are  said  to  effloresce^ : other  salts, 
instead  of  thus  spontaneously  parting  with  water  of  crystallization^ 
attract  moisture  from  the  air,  or  deliquesce^  as  is  the  case  wdth  carbonate 
of  potassa,  acetate  of  potassa,  chloride  of  calcium,  &c. : alum  and  many 
other  salts,  although  they  contain  water,  do  not  thus  part  with  it,  and 
are  permanent  in  the  air.  But  water  is  not  necessarily  contained  in 
all  crystals:  there  is  none,  for  instance,  in  nitre;  and  such  are  called 
anhydrous  salts'\.  Some  salts  require  a high  temperature  to  deprive 
them  of  water.  This  is  the  case  with  gypsum,  or  sulphate  of  lime, 
Avhich  is  frequently  found  in  large  transparent  crystals,  permanent  in 
the  air;  but  at  a red  heat  they  lose  one-fifth  their  weight  of  w’ater,  and 
crumble  down  into  the  w hite  powder  commonly  called  plaster  of  Paris, 


* This  property  of  efflorescence  would 
a})pear  in  some  cases  to  depend  upon  super- 
ficial fracture,  for  Mr.  Faraday  found  that 
crystals  of  carbonate,  phosphate,  and  sul- 
phate of  soda,  having  no  parts  of  their  sur- 
faces broken,  and  carefully  preserved  from 
external  violence,  remained  perfect ; but 
upon  breaking  or  scratching  their  surface 
efflorescence  began  at  that  part,  and  covered 
the  whole.  Phil.  Trans.,  1834,  p.  74. 

-hit  will  afterwards  be  found  that  the  pro- 
}K)rtion  of  water  in  hydrated  crystals  is  de~ 
finite,  and  that  several  salts  form  distinct 


crystals  with  different  proportions  of  water. 
(According  to  Longchamp,  this  water  is  only 
contained  in  the  capillary  cavities  of  the 
crystals.  Ann.  Ch.  et  Ph.,  3 Ser.  vi.  19.) 
There  are  many  salts  which  though  they 
readily  part  with  a portion  of  their  compo- 
nent water,  retain  another  portion  with  more 
or  less  obstinacy:  this  last  frequently  replaces 
bases,  and  has  therefore  been  termed  by 
Graham,  basic  or  constitutional  water:  of 
these  distinctions,  the  history  of  individual 
salts  will  furnish  frequent  instances.  (See 
also  Millon.  Ann.  Ch.  et  PA.,  Feb.,  1845.) 
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which  is,  tlierefore,  an  anhydrous  sulphate  of  lime,  and  which,  when 
mixed  with  a little  water,  again  combines  with  it,  and  concretes  in  the 
act  of  combination;  hence  the  use  of  this  substance  for  forming  casts 
or  impressions,  as  seen  in  mouldings,  busts,  &c.  Efflorescent  salts  may 
sometimes  be  conveniently  preserved  by  slightly  oiling  their  surfaces,  or 
by  soaking  them  for  a few  hours  in  olive  oil,  and  then  wiping  them  and 
putting  them  in  bottles;  or  they  may  be  kept  under  a glass  shade  in 
which  is  also  included  a small  saucer  of  water.  The  action  of  heat  upon 
salts  is  much  influenced  by  their  relative  quantities  of  water  of  crystalli- 
zation; it  renders  some  of  them,  such  as  sulphate  of  soda,  extremely 
fusible;  from  others  the  water  evaporates  before  fusion,  and  occasions 
the  efflorescence  of  the  salt;  and  if  contained  in  their  pores,  it  causes  them 
to  decrepitate^  or  fly  to  pieces  when  heated,  with  a peculiar  crackling; 
but  this  effect  more  generally  depends  upon  the  sudden  expansion  of  the 
outer  crust  of  the  crystal,  its  peculiar  texture,  and  its  bad  conducting 
power  for  heat,  the  most  powerfully  decrepitating  salts  being  amongst 
those  which  are  anhydrous. 

The  regular  figures  of 
crystals  will  be  influenced 
by  the  rapidity  of  the  eva- 
poration; if  the  process  be 
slowly  conducted,  the  par- 
ticles unite  with  great  re- 
gularity ; if  hurried,  the 
crystals  are  irregular  and 
confused.  Loaf-sugar  and 
sugar-candy  furnish  good 
instances  of  such  modifi- 
cations ; the  former  being 
the  result  of  rapid,  the  latter 
of  slow",  crystallization.  In 
common  cases,  the  evapora- 
tion may  be  continued  till  a 
pellicle  forms  upon  the  sur- 
face of  the  solution,  which 
indicates  that  the  attraction 
of  the  saline  particles  for 
each  other  is  becoming  su- 
perior to  their  attraction  for  Suipiiate  of 

the  water.  The  formation.  Magnesia, 

therefore,  of  a superficial  pellicle  is  the  common  criterion  of  the  fitness  of 
a solution  for  crystallization;  but  where  the  object  is  to  obtain  very 
regular  and  large  crystals,  the  evaporation  must  be  slow^er,  and  carried 
to  less  extent;  even  spontaneous  evaporation^  or  that  which  takes  place 
at  common  temperatures,  must  be  resorted  to. 

It  is  in  this  w^ay  that  the  large  crystals  of  sulphate  of  magnesia  and 
of  nitrate  of  potassa,  represented  in  figs.  10  and  II,  w^ere  procured;  they 
are  here  inserted  to  show  the  size  and  perfection  of  crystals  thus  slowly 
deposited  in  large  quantities  of  their  solutions,  as  contrasted  with  the 
microscopic  forms  described  above. 

There  are  certain  bodies  which  may  be  dissolved  or  liquefied  by  heat. 


Saltpetre,  or  Nitrate  of 
Potassa. 
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Crystallization  of  Bismuth. 


and,  during  slow  cooling,  may  be  made  to  crystallize.  This  is  the  case  with 
many  of  the  metals ; and  among  them  bismuth  furnishes,  when  carefully 
managed,  the  most  beautiful  results;  for  this  purpose  a few  pounds  of  it 
should  be  melted  in  a deep  iron  ladle  or  crucible,  and,  as  soon  as  the 

surface  has  concreted,  it  should  be  punc- 
tured with  a pointed  iron  rod,  and  the 
liquid  metal  immediately  poured  out 
from  the  interior;  on  cautiously  breaking 
the  hollow  ingot  thus  obtained,  the  in- 
terior cavity  will  be  found  lined  with 
dissected  cubical  crystals,  fig.  12.  Sul- 
phur may  be  artificially  crystallized  by  a 
similar  process,  and  furnishes  beautiful 
heaps  of  delicate  prisms.  The  masses 
of  crystallized  spermaceti^  often  exhibited 
in  shop  windows,  are  obtained  in  the 
same  way;  and  it  is  probable  that  the 
cavities  in  rocks  and  veins,  bearing  marks  of  igneous  fusion,  and  often 
lined  with  magnificent  specimens  of  crystalline  minerals,  owe  their  origin 
to  some  analogous  process. 

There  is  another  way  of  showing  the  crystalline  texture  of  metals, 
which,  with  some  of  them,  answers  very  well;  it  consists  in  washing  over 
a thin  plate  of  the  metal  with  some  acid  which  acts  upon  its  surface. 
If  tin-foil  or  tin-plate  be  thus  washed  over  with  dilute  nitro-muriatic 
acid,  the  crystallization  of  the  tin  is  often  rendered  beautifully  manifest: 
this  has  been  applied  to  ornamental  purposes,  under  the  name  of  moiree 
metallique^  and  different  colours  may  be  given  to  the  surface  by  trans- 
parent varnishes.  (See  Tin.)  Daniell  also  developed  the  crystalline 
texture  oC  several  of  the  metals  by  steeping  masses  of  them  in  acids, 
by  which  their  surfaces  were  carved  out  like  the  alum  in  water:  and  the 
crystalline  structure  of  a bar  of  tin  was  beautifully  shown  by  placing  it 
horizontally  in  mercury  and  turning  it  frequently  upon  its  different  faces 
so  as  to  insure  uniformity  of  action;  in  about  twenty-four  hours  fissures 
appear  along  its  lateral  and  terminal  edges  which,  by  gradually  splitting, 
resolve  the  bar  into  four  equal  trihedral  rectangular  prisms,  which,  as  well 
as  two  pyramids  from  their  extremities,  may  be  separated  from  each  other 
by  the  point  of  a knife:  it  is  indifferent  to  this  result  whether  the  square 
form  be  given  to  the  bar  by  casting,  hammering,  or  the  filing  down  of  any 

other  shape.  The  annexed  figures  shew  the  lateral 
fissures  and  pyramid  and  the  further  separation 
into  four  trihedral  bars.  He  further  observes,  in 
reference  to  this  development  of  crystalline  archi- 
tecture, that  “if  a large  crystal  of  sulphuret  of 
antimony  be  introduced  into  a portion  of  fused 
sulphuret,  and  the  heat  be  moderately  continued,  it 
will  begin  to  melt  down ; but  so  far  from  this  taking 
place  uniformly  at  the  surface,  crystals  will  some- 
times be  left  projecting  half  an  inch  from  it;  and 
in  other  places  the  cavities  left  by  fused  crystals 
will  be  so  large  and  have  such  perfect  surfaces  that 
their  angles  may  readily  be  ascertained.  In  order  to  observe  these  phe- 
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noraena  it  is  only  necessary  to  remove  the  half-fused  piece  of  sulphuret 
from  its  hot  bath  and  allow  it  to  cool.” 

When  bodies  are  raised  in  vapour,  and  this  is  again  condensed  into 
the  solid  state,  the  process  is  generally  called  suhlimation^  and  is  not 
uncommonly  resorted  to  to  obtain  such  volatile  matters  in  the  form  of 
crystals.  The  appearance  of  camphor^  when  thus  slowly  sublimed,  is  often 
extremely  beautiful;  so  also  that  of  benzoic  acid.  Iodine  is  another  body 
Avell  calculated  for  the  experiment;  put  a little  of  it  into  a clean  Florence 
flask,  and  gently  heat  it ; it  will  presently  be  converted  into  a deep  violet 
vapour,  which,  subliming  to  the  cold  parts  of  the  vessel,  Avill  there  con- 
dense in  small  brilliant  crystals  of  octohedral  and  rhomboidal  figures. 
There  is  a substance  called  naphthalin.,  obtained  during  the  distillation 
of  coal-tar,  and  which  may  commonly  be  procured  at  gas-works:  when 
pure,  it  is  white  and  crystalline,  and,  if  heated  in  a large  phial  or  flask, 
its  vapour  congeals  in  lamellar  crystals  of  extreme  tenuity,  crossing 
each  other  in  all  directions,  and  exhibiting  a very  singular  appearance. 
Calomel  and  corrosive  sublimate  may  be  crystallized  by  a similar  process, 
but  the  temperature  required  for  their  sublimation  is  considerable;  and 
good  crystals  can  only  be  obtained  by  operating  upon  large  quantities,  and 
subliming  them  very  slowly.  When  flakes  of  snow  are  examined,  they 
are  found  to  be  congeries  of  crystals  of  ice  produced  by  the  cooling  of  the 
vapour  of  water. 

Some  substances  are  so  easily  decomposed  by  heat,  and  at  the  same 
time  retain  water  with  such  avidity,  that  it  is  impossible  to  crystallize 
them  by  the  above  processes : in  these  cases,  crystallization  may  some- 
times be  effected  by  placing  the  solution  under  the  exhausted  receiver  of 
an  air-pump,  over  a surface  of  sulphuric  acid,  which,  by  absorbing  the 
vapour  as  it  rises,  causes  rapid  evaporation  at  a low  temperature. 

Some  salts  may  be  brought  to  crystallize  by  the  addition  of  substances 
having  a strong  affinity  for  water,  by  which  its  attraction  for  the  dissolved 
matters  is  weakened:  thus  nitric  acid  added  to  a strong  solution  of  nitrate 
of  baryta  throws  down  a crystalline  precipitate  of  the  salt ; and  alcohol, 
added  to  certain  aqueous  saline  solutions,  sulphate  of  soda  and  sulphate  of 
magnesia  for  instance,  produces  a separation  of  crystals  ; but  they  are 
generally  small  and  indistinct. 

When  two  salts  are  present  in  the  same  solution,  they  often  may  be 
separated  by  crystallization,  that  which  is  least  soluble  constituting  the 
earlier  crop  of  crystals  ; or  sometimes,  one  forms  distinct  groups  upon  the 
other;  there  are  many  salts  which  may  in  this  way  be  entirely  and 
effectually  separated.  This  method,  however,  is  ineffectual  with  most 
isomorphous  salts,  and  with  such  as  form  double  combinations.  When, 
for  instance,  the  sulphates  of  iron  and  copp)er  are  in  solution  together, 
crystals  may  be  obtained  of  the  same  form  as  those  of  sulphate  of  iron, 
but  containing  variable  proportions  of  sulphate  of  copper:  in  the 
same  way  the  suf  hates  of  zinc  and  manganese.^  and  of  magnesia  and 
manganese.^  crystallize  together.  In  all  these  cases  an  atomic  analogy 
prevails  in  the  composition  of  the  salts.  The  formation  of  double.^  or  as 
they  are  sometimes  called  triple  salts.,  is  also  a common  occurrence:  a 
familiar  instance  is  afforded  by  the  tartrates  of  pot  assa  and  of  soda.,t]^e  solu- 
tions of  which,  when  mixed  and  evaporated,  yield  a crop  of  distinct  double 
crystals;  and  emetic  tartar  is  a double  tartrate  of  antimony  and  potassa. 
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Crystallization  is  often  accelerated  by  introducing  into  the  solution  a 
nucleus^  or  solid  body.  Thus  we  see  sugar-candy  crystallized  upon 
strings,  and  verdigris  upon  sticks,  and  sul])hate  of  copper  upon  wire 
baskets.  Absorbent  and  rough  surfaces  are  particularly  favourable  to 
these  crystalline  depositions:  thus,  if  we  tie  two  or  three  pieces  of  cotton, 
or  woollen  thread,  upon  a smooth  glass  rod,  and  immerse  it  into  a solution 
of  alum,  nitre,  or  other  easily  crystallisable  salt,  the  clusters  of  crystals 
will  be  confined  to  those  particular  spots.  The  annexed  cut  represents  a 
glass  rod  upon  which  clusters  of  alum  crystals  have  been  thus  deposited. 


There  are  cases  in  which  it  is  particularly  advantageous  to  put  a few 
crystals  of  the  dissolved  salt  into  the  solution,  which  soon  cause  a crop  of 
fresh  crystals;  and  if,  for  this  purpose,  we  select  very  perfect  forms, 
they  will  increase  in  size  as  the  evaporation  proceeds,  and  being  daily 
turned,  so  that  all  sides  may  receive  increments  of  solid  matter  in  suc- 
cession, they  often  produce  large  crystals  of  great  perfection;  but,  in  pro- 
ceeding thus,  care  must  be  taken  not  to  elevate  the  temperature  of  the 
solution,  for  if  it  be  raised  only  a few  degrees,  portions  of  the  newly- 
formed  crystals  are  generally  re-dissolved.  “Dr.  Wollaston  made  a 
remark  upon  the  spontaneous  growth  of  large  crystals  at  the  expense  of 
small  ones  in  the  same  solution,  exposed  to  changes  of  temperature,  which 
illustrates  in  a beautiful  manner,  the  alternate  ascendency  of  the  two 
antagonist  forces.  When  the  temperature  rose  the  solvent  power  of  the 
liquid  was  increased,  and  some  of  the  solid  matter  of  the  crystals  was 
abstracted;  but  when  the  temperature  again  fell  this  was  deposited  in  a 
greater  proportion  upon  the  larger  masses  than  upon  the  smaller,  so  that 
the  latter  were  in  the  end  entirely  taken  up  and  deposited  upon  the  for- 
mer.” (Daniell,  § 106.)  In  some  instances,  if  there  be  two  salts  in 
solution,  that  will  most  readily  separate  of  which  the  crystals  have  been 
introduced.  Thus,  if  we  dissolve  two  parts  of  nitre  and  three  of  sulphate 
of  soda  in  five  of  warm  water,  and  fill  two  bottles  with  the  solution,  put- 
ting into  one  a crystal  of  nitre,  and  into  the  other  a crystal  of  sulphate  of 
soda,  and  placing  both  in  ice-cold  water,  nitre  only  will  crystallize  in  the 
one,  and  sulphate  of  soda  in  the  other. 

Certain  saline  solutions  excluded  from  the  «zV,  will  frequently  crystallize 
the  instant  that  air  is  admitted.  For  this  purpose  a strong  solution  of 
sulphate  of  soda  (3  lbs.  of  the  crystallized  salt,  to  2 lbs.  of  water)  may  be 
most  conveniently  used:  it  should  be  poured  whilst  hot  into  a flask,  and 
tied  over  with  bladder,  or  secured  by  a good  cork:  when  cold  it  remains 
liquid,  but  on  perforating  the  bladder,  or  withdrawing  the  cork,  it  gra- 
dually shoots  from  the  surface  downwards,  into  a fibrous  mass  of  crystals. 
This  phenomenon  has  been  referred  to  atmospheric  pressure;  but  a 
film  of  olive-oil,  or  oil  of  turpentine  poured  upon  the  surface  of  the 
saline  solution,  equally  prevents  crystallization.  On  pouring  out  the 
liquid,  or  plunging  a thermometer  into  it,  it  congeals ; at  the  same 
time  heat  is  evolved,  and  the  bulk  increased.  (Gay  Lussac,  Annales  de 
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Chimie,  Lxxxvii.)  Graham  {Edinb.  Phil.  Ti'ans..,  1828,)  ascribes  it  to 
the  absorption  of  air  by  the  water  bolding  the  salt  in  solution.  In 
other  cases,  agitation,  or  the  dropping  in  of  a crystal  or  other  solid, 
produces  the  same  effect.  Such  phenomena  have  been  shown  by  Ure 
(Quart.  JouDi.^  vol.  x.)  to  be  affected  by  electrical  changes;  he  found 
that,  in  the  voltaic  circuit,  crystallization  always  began  at  the  negative 
pole ; but  as  alkali  is  there  elicited,  it  may  have  tended  to  accelerate  the 
process;  or  the  acid  evolved  at  the  positive  pole  may  have  retarded  it:  or 
the  relative  volumes  of  gaseous  products  at  the  two  poles  may  have 
interfered. 

Vibration  or  friction  sometimes  curiously  induces  a crystalline  pre- 
cipitate ; thus,  if  tartaric  acid  be  added  in  excess  to  a solution  of  potassa 
so  weak  as  not  immediately  to  throw  down  the  bitartrate,  tapping  the 
glass,  and  especially  rubbing  its  interior  with  the  end  of  a glass  rod,  will 
occasion  a crystalline  precipitate,  and  in  the  latter  case  the  crystals  will 
be  deposited  upon  the  lines  which  had  been  traced  by  the  rod.  A solu- 
tion of  a magnesian  salt  with  carbonate  of  ammonia  and  phosphate  of 
soda,  adequately  diluted,  and  similarly  treated  with  a glass  rod,  exhibits 
the  same  phenomenon. 

The  presence  of  light  also  influences  the  process  of  crystallization. 
Thus  we  see  the  crystals  collected  in  camphor-bottles  in  druggists’  windows 
always  most  copious  upon  the  surface  exposed  to  light;  and  if  we  place 
a solution  of  nitre  in  a room  which  has  the  light  admitted  only  through 
a small  hole  in  the  window  shutter,  crystals  will  form  most  abundantly 
upon  the  side  of  the  basin  exposed  to  the  aperture  through  which  the 
light  enters,  and  often  the  whole  mass  of  crystals  will  turn  towards  it. 
On  looking  over  the  preparations  upon  the  shelves  of  the  laboratory,  we 
frequently  meet  with  analogous  cases  of  crops  of  crystals  formed  upon 
the  sides  of  the  bottles  facing  the  windows. 

Many  saline  solutions  form  arborescent  crystalline  pellicles,  when  left 
to  spontaneous  evaporation,  which  slowly  travel  up  the  sides  of  the  basin, 
and  gradually  proceed  down  upon  the  outside;  this  process  also  often 
begins  on  the  side  nearest  the  light,  and  is  sometimes  confined  to  it. 
Acetate  of  lime  exhibits  this  appearance  in  a very  beautiful  manner. 
(Aikin’s  Did.,  Art.  Light.)  It  is  often  the  exclusive  result  of  the  capil- 
lary attraction  of  the  crystals  formed  upon  the  edge  of  the  solution. 

The  forms  of  crystals  are  sometimes  modified  by  the  medimn  from 
which  they  are  deposited,  independent  of  any  chemical  change : thus  in 
foul  and  muddy  liquids  the  crystals  are  usually  deposited  in  their  simplest 
forms;  in  gelatinous  and  saccharine  solutions  crystals  are  generally 
single,  and  remarkably  sharp  and  regular.  Common  salt  deposited  from 
an  aqueous  solution  containing  urea,  crystallizes  in  octohedra  instead  of 
cubes,  which  are  its  usual  figure ; and  sal  ammoniac  under  the  same  cir- 
cumstances forms  cubes,  whereas  in  pure  water  its  crystals  are  octohedral. 
Berzelius  says,  that  very  large  crystals  of  nitre  may  be  obtained  from  its 
solution  in  boiling  lime-water,  which  has  no  analogous  effect  upon  other 
salts. 

Some  substances  remarkably  interfere  with  the  appearance  and  forms 
of  crystals,  although  contained  in  them  in  very  minute  quantities;  this  is 
especially  the  case  with  some  of  the  hydrocarbons.  If  1 part  of  the 
liquid  hydrocarbon  obtained  by  the  compression  of  oil-gas,  be  mixed  with 
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8 or  10  parts  of  strong  oil  of  vitriol,  a dark  liquor  is  produced;  from  this, 
when  diluted  with  water,  filtered,  and  converted  by  the  addition  of  car- 
bonate of  potassainto  a sulphate  of  potassa,  a salt  is  obtained,  which,  upon 
crystallization,  is  nacreous,  in  the  form  of  scales,  and  has  nothing  in  its 
appearance  common  to  sulphate  of  potassa:  it  is  however  that  salt;  and 
is  thus  affected  by  the  presence  of  a substance  which  sometimes  does  not 
amount  to  a two-hundredth  part  of  the  salt.  The  same  substance  has  a 
still  greater  power  over  the  sulphate  of  copper,  and  in  increased  quanti- 
ties (still  comparatively  small),  influences  the  appearances  of  other  saline 
bodies.  (Faraday.) 

A curious  and  important  fact  in  regard  to  crystallization,  was  first 
noticed  by  Mitscherlich,  namely,  the  assumption  by  the  same  substance 
of  two  incompatible  crystalline  forms : such  bodies  are  therefore  called 
dimorphous.  This  is  the  case  with  sulphur.,  which  when  crystallized  by 
fusion  yields  oblique  rhombic  prisms,  but  is  deposited  from  certain  of  its 
solutions  in  rhombic  octohedrons.  Carbon,  in  the  form  of  diamond.,  crys- 
tallizes in  octohedrons,  but  as  graphite.,  in  hexagonal  plates.  Carbonate  of 
lime  in  calcspar  has  the  rhombohedral  structure,  but  in  arragonite  that  of 
the  rectangular  octohedron;  and  there  are  other  analogous  instances.  It 
has  been  found  in  regard  to  these  cases  of  dimorphism  that  each  form  has 
its  peculiar  density;  the  specific  gravity  of  calcspar  for  instance  being 
2-71;  that  of  arragonite  is  2*94.  The  temperature  too  at  which  the 
crystals  are  formed  is  another  influencing  cause  : thus  w^hen  carbonate  of 
lime  is  precipitated  by  adding  chloride  of  calcium  to  carbonate  of  am- 
monia, the  grains  of  the  powder  are  rhombohedral  if  thrown  down  at  the 
temperature  of  50°,  but  octohedral,  if  at  150°.  (G.  Rose,  Phil.  Mag.., 

xii.  465.) 

There  are,  moreover,  some  cases  in  which  solids  themselves  change 
their  molecular  arrangement:  thus  sugar  which  has  been  boiled  down  to 
such  a consistency  as  to  solidify  on  cooling,  forms  a transparent  vitreous 
mass,  as  seen  in  wdiat  is  termed  h ar ley- sugar ; but  this,  if  kept  for  some 
time,  becomes  opaque,  granular,  and  friable.  Old  brass  wire  is  apt  to 
grow  brittle,  apparently  in  consequence  of  acquiring  a crystalline  texture 
not  perceptible  in  its  original  state  of  ductility : and  it  is  suspected  that 
the  friction,  vibration,  and  changes  of  temperature  to  which  the  axles  of 
railroad  carriages  are  especially  subject,  may  produce  in  these  a similar 
change,  and  that  although  originally  constructed  of  fibrous  and  tough 
wrought  iron,  they  may  from  such  causes  acquire  a crystalline  and  brittle 
structure.  Prismatic  crystals  of  sidphate  of  nichel  and  of  seleniate  of 
zinc.,  when  exposed  to  the  sun,  become  opaque,  and  break  up  into  small 
octohedrons.  Crystals  of  sulphate  of  magnesia  or  of  sulphate  of  zinc., 
heated  in  oil  to  a temperature  of  about  126°,  become  opaque,  and  when 
broken  are  found  to  consist  of  a number  of  individual  crystals,  easily 
separated.  (Mitscherlich.  See  also  Methuon,  Quart.  Journ.  i.  123, 
and  Gregory  Watt  on  the  effect  of  slow  cooling  upon  certain  substances, 
Phil.  Trans.,  1804,  279.)  Dr.  Macculloch  has  noticed  the  crystalline 
texture  occasionally  acquired  by  some  kinds  of  sandstone,  which,  having 
served  for  the  hearths  of  furnaces,  have  been  long  exposed  to  heat, 
though  always  far  below  their  point  of  fusion.  But  no  modification 
of  form  is  more  remarkable  than  that  of  glass,  a state,  of  which  many 
bodies  are  susceptible,  and  characterized  by  a curved  or  conchoidal 
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(g^cissy)  fracture ; it  never  breaks  with  plane  surfaces  or  sparry.  Under 
certain  circumstances,  however,  vitreous  compounds  pass  into  crystalline 
forms,  and  in  large  masses  of  glassy  slag,  globular  nodules  of  radiating 
and  acicular  crystals  are  not  very  uncommon.  Arsenioiis  acid  presents  a 
similar  phenomenon:  when  recently  fused  or  sublimed  it  is  usually 
glassy  and  transparent,  but  it  gradually  becomes  an  opaque,  white,  crys- 
talline solid;  the  change  commencing  at  the  surface,  and  gradually  pro- 
ceeding to  the  centre.  This  change  from  the  vitreous  to  the  crystalline 
state  sometimes  takes  places  suddenly,  and  gives  rise  to  a curious  pheno- 
menon observed  by  G.  Rose:  the  vitreous  acid,  when  dissolved  in  hot  and 
dilute  hydrochloric  acid,  deposits  crystals  of  the  opaque  acid,  and  a flash 
of  light  is  emitted  at  the  formation  of  each  crystal;  this  appearance  is 
not  observed  when  the  hydrochloric  solution  is  made  with  the  opaque  or 
crystalline,  instead  of  the  transparent  or  glassy,  acid.  According  to 
Pelouze  {Ann.  Ch.  et  Ph.,  3 Ser.  vii.  ]76,)  substances  are  more  easily 
decomposed  when  in  the  amorphous  than  in  the  crystalline  form:  he  cites, 
binoxides  of  mercury  and  manganese,  and  carbonate  of  lime,  as  instances; 
but  his  conclusions  are  not  admitted  by  Gay  Lussac  {Ann.  Ch.  et  Ph..^ 
3Ser.  vii.  II3). 

There  are  other  cases  in  which  what  has  been  termed  a species  of 
dimorphism  is  evidently  produced  by  changes  of  temperature.  Thus  the 
red  sulphuret  and  the  red  oxide  of  mercury  both  become  black  when 
highly  heated,  but  reassume  their  red  colour  on  cooling;  periodide  of 
mercury  is  often  yellow  whilst  hot,  but  becomes  scarlet  as  it  cools. 
(Warington,  Trans.  Chem.  Soc..,  I.)  Oxide  of  zinc  is  yellow  whilst  hot, 
and  white  when  cold.  Even  gaseous  bodies  are  susceptible  of  changes 
of  this  kind,  of  which  nitrous  acid  vapour  furnishes  an  instance,  being 
nearly  colourless  when  very  cold,  but  of  a deep  orange  wdien  heated. 
When  precipitated  sulphuret  of  antimony  is  dried  at  about  400°  it  retains 
its  deep  orange  colour,  but  when  heated  a little  higher,  it  shrinks, 
blackens,  and  acquires  a metallic  lustre,  without  further  loss  of  weight; 
and  on  the  other  hand,  the  black  sulphuret,  when  strongly  heated,  and 
suddenly  cooled  by  throwing  it  into  water,  acquires  a brown  colour. 

Certain  metallic  oxides,  such  as  alumina,  peroxide  of  tin,  and  oxide  of 
chromium,  become  insoluble  in  acids  after  having  been  heated  to  redness ; 
and  some  of  them,  in  passing  from  the  soluble  to  the  insoluble  state,  sud- 
denly become  luminous,  and  rise  greatly  in  temperature;  this  is  remark- 
ably the  case  with  Gadolinite,  which  glows  wUen  heated,  and  changes 
colour,  but  sustains  no  change  of  weight. 

The  cause  of  many  of  these  extraordinary  phenomena,  in  which 
bodies  undergo  changes  in  form  and  properties,  whilst  their  composition 
is  not  apparently  altered,  may  in  some  instances  no  doubt  be  referred  to 
modifications  of  their  molecular  arrangements ; in  other  cases  the  loss  or 
evolution  of  heat  is  apparent.  “ The  circumstance,”  says  Professor 
Graham  {Elem.  Ch.).^  “most  certain  respecting  this  change  in  bodies 
is  that  they  do  not  contain  a quantity  of  heat  after  the  change,  which 
they  must  have  possessed  before  its  occurrence,  in  a combined  or 
latent  form.  No  ponderable  constituent  is  lost,  but  there  is  this  loss  of 
heat.  A change  of  the  arrangement  of  the  particles,  it  is  true,  might 
occur  at  the  same  time  in  some  of  these  bodies,  such  as  is  observed  when 
sulphite  of  soda  is  converted  by  heat  into  a mixture  of  sulphate  of  soda 
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and  sulphuret  of  sodium,  without  change  of  weight;  but  it  would  be 
difficult  to  apply  an  explanation  of  this  nature  to  oxides,  such  as  alumina 
and  peroxide  of  tin,  which  contain  only  two  constituents.  The  loss  of 
heat  observed  will  afford  all  the  explanation  necessary,  if  heat  be  admitted 
as  a constituent  of  bodies  equally  essential  as  their  ponderable  elements. 
As  the  oxide  of  chromium  possesses  more  combined  heat  when  in  the 
soluble  than  in  the  insoluble  state,  the  first  may  be  justly  viewed  as  the 
higher  caloruret,  and  the  body  in  question  may  have  different  proportions 
of  this  as  well  as  of  any  other  constituent.” 

Independent  of  the  beautiful  application  of  the  process  of  crystalliza- 
tion in  refined  chemistry  to  determine  the  nature  of  bodies  by  the  careful 
inspection  of  their  forms,  the  manufacturer  avails  himself  of  it  to  cleanse, 
purify,  and  prepare  a number  of  substances  useful  in  the  arts,  the  purity 
of  which  is  often  judged  of  by  the  regularity  and  perfection  of  their 
crystalline  figures.  Common  salt  is  thus  obtained  by  the  evaporation  of 
sea-water,  and  of  brine-springs,  in  consequence  of  its  tendency  to  crystal- 
lize in  hot  liquors,  which  retain  the  other  salts  that  are  present  in  more 
permanent  solution.  Epsom  salt,  or  sulphate  of  magnesia,  is  freed  by 
crystallization,  from  the  chloride  of  magnesium  with  which  it  is  mixed 
in  the  residue  of  sea-water,  after  its  common  salt  has  been  taken  out : the 
magnesian  chloride  is  very  difficultly  crystallizahle,  and  remains  in  what 
is  called  the  mother  liquor^  or  residuary  solution,  which  on  account  of  its 
excessive  hitter  taste,  is  known  in  our  salt-works  by  the  name  of  bittern. 
Nitre  is  refined,  by  the  facility  of  its  crystallization,  for  the  manufacture 
of  gunpowder,  and  so  cleansed  of  common  salt  and  other  impurities  with 
which  it  is  usually  contaminated  in  the  state  in  which  it  is  imported  from 
India.  Numerous  other  instances  of  the  application  of  the  process  of 
erystallization  to  the  purposes  of  the  arts  and  manufactures  will  appear 
in  the  sequel. 

§ 2.  Theories  of  Crystallization. 

We  may  now  proceed  to  notice  the  structure  of  crystallized  bodies, 
upon  which  the  Theories  of  Crystallization  are  founded. 

It  has  already  been  observed,  that  crystallized  bodies,  natural  and 
artificial,  affect  one  form  in  preference  to  others.  The  fluor-spar  of 
Derbyshire  crystallizes  in  cubes ; so  does  common  salt.  Nitre  assumes 
the  form  of  a six-sided  prism,  and  sulphate  of  magnesia  that  of  a four- 
sided prism.  But  these  forms,  especially  as  respects  natural  crystals,  are 
liable  to  various  modifii^ations.  Fluor-spar  sometimes  crystallizes  in  the 
form  of  octohedra ; and  there  are  so  many  forms  of  carbonate  of  lime  that 
it  is  difficult  to  select  that  which  most  commonly  occurs.  Rome  de  L’isle 
referred  these  variations  of  form  to  certain  truncations  of  an  invariable 
primitive  nucleus ; and  Gahn  afterwards  observed,  that  when  a piece  of 
calcareous  spar  was  carefully  broken,  all  its  particles  were  of  a rhom- 
boidal  figure.  This  induced  Bergman  to  suspect  the  existence  of  a primi- 
tive nucleus  in  all  crystallized  bodies.  {Thys.  and  Chem.  Essays^  II.  J.) 
When  Haiiy  entered  this  field  of  inquiry,  he  not  only  corroborated 
the  opinions  of  Bergman,  and  submitted  former  hypotheses  to  experi- 
mental proof,  but  traced  with  much  success  the  laws  of  crystallization, 
and  pointed  out  the  modes  of  transition  from  primary  to  secondary 
figures.  {Traite  de  Minfralogie,  Paris,  1801.)  Since  the  time  of  Ilauy 
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the  study  of  crystallization,  especially  in  its  relations  to  mineralogy,  has 
been  pursued  and  extended  by  G.  Rose,  {Elements  of  CrysiaUography ^ 
by  Professor  Whewell,  {Phil.  Trans.^  1825,)  by  M.  Mohs,  and  by  Pro- 
fessor Weiss,  of  Berlin;  the  latter  is  the  founder  of  a new  system  of  crys- 
tallography, having  reference  to  the  geometrical  relations  of  their  exterior 
forms  rather  than  to  their  ultimate  molecules  or  internal  structure. 

Those  who  are  in  the  habit  of  cutting  and  polishing  certain  gems, 
have  long  known  that  they  only  afford  smooth  surfaces  when  broken  in 
one  direction ; and  that  in  others  the  fracture  is  irregular  and  uneven. 
This  is  the  case  with  crystallized  bodies  in  general.  If  we  attempt  to 
split  a cube  of  fluor-spar  with  the  blade  of  a knife,  assisted  by  a hammer, 
we  shall  find  that  it  will  only  yield  kindly  in  the  direction  of  the  solid 
angles;  and  pursuing  the  division  in  these  directions,  an  octahedron  will 
be  the  resulting  figure,  as  in  fig.  15.  The  new  planes  resulting  from 
this  'cleavage  of  the  crystal,  are  called  its  cleavage-planes.  The  line 
produced  by  the  meeting  of  two  planes  is 
the  edge  of  the  crystal ; and  the  meeting 
of  any  two  lines  or  edges,  forms  a plane 
angle.  A solid  angle  is  produced  by  the 
meeting  of  three  or  more  plane  angles.  In 
the  annexed  diagram,  abed  are  the  exterior 
planes  of  the  crystal ; e e its  edges  \ f f its 
solid  angles.  (For  further  details  respecting 
these  terms,  see  Brooke’s  Familiar  Intro- 
duction to  Crystallography 

In  splitting  a six-sided  crystal  of  calcareous  spar,  we  find  that  of  the 
six  edges  of  the  superior  base  three  alternate  edges  only  will  yield  to  the 
blow:  those,  for  instance,  marked  «,  6,  c,  (fig.  16)  ; and  the  division  will 
take  place  in  a plane  inclined  at  an  angle  of  45°.  The  three  interme- 
diate edges  resist  this  division.  But  in  dissecting  the  inferior  base  of  the 
crystal,  the  intermediate  edges  will  alone  yields  namely,  «,  c.  If  we 
continue  this  dissection  in  the  same  directions,  we  shall  at  length  obtain 
the  obtuse  rhomboid,  which  is  seen  in  this  diagram  in  its  relative  situation 
to  the  including  prism. 

We  thus  then  arrive  at  the  primitive  form  of 
the  calcareous  spar;  and  from  whatever  secondary 
form  it  has  been  obtained,  it  is  always  a rhomboid., 
having  obtuse  angles  of  105°  5'.  But  an  obtuse 
rhomboid  is  also  the  primitive  form  of  other  bodies, 
as  of  pearl-spar,  iron- spar,  and  tourmalin.  But 
here  the  inclination  of  the  surface  points  out  a 
difference.  Thus  the  primitive  angle  of  pearl-spar 
is  106°  5',  of  iron-spar  107°,  (Wollaston,  Phil. 

Trans..,  1812,)  and  of  tourmalin  113°  10'. 

The  temperature.,  however,  at  which  these 
measurements  are  taken,  should  be  noted,  for  it 
affects  the  mutual  inclinations  of  the  planes  of  cer- 
tain crystals.  In  the  case  of  carbonate  of  lime, 
it  amounts,  according  to  Mitscherlich  {Ann.  Ch. 
et  Ph.,  XXV.  108),  to  as  much  as  8'’5,  in  the  inter- 
val of  temperature  between  32°  and  212°.  As  the  temperature  augments, 
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the  obtuse  dihedral  angles  ^diminish  ; that  is,  the  smaller  axis  of  the 
rhomboid  dilates  more  than  its  other  diagonals,  so  as  to  cause  an  approach 
to  the  cubical  form.  When  melted  litharge  is  allowed  slowly  to  solidify 
and  cool,  when  it  reaches  a particular  temperature  it  splits  into  small 
fragments  : if  a little  of  the  double  sulphate  of  potassa  and  copper  be 
fused  over  a spirit  lamp,  it  congeals  into  a brilliant  green  solid;  but  as 
its  temperature  falls  to  about  212°,  it  suddenly  is  resolved  into  a heap  of 
incoherent  powder;  phenomena  referable  to  the  inequality  of  their 
respective  contractions.  Where  all  the  angles  and  sides  of  a crystal  are 
alike,  this  unequal  expansion  is  not  observed,  as  in  the  cube,  octohedron, 
and  rhombic  dodecahedron. 

The  instruments  which  are  used  for  measuring  the  angles  of  crystals 
are  termed  goniometers.  The  simplest  of  these  (fig.  17)  consists  of  a pro- 
tractor, or  semicircular  scale  of  degrees,  aa,  and  a small  pair  of  compasses 
or  nippers  bbbb,  destined  to  receive  the  crystal. 


The  centre  of  the  com- 
passes is  made  moveable, 
like  those  of  the  common 
proportional  compasses, 
so  as  to  permit  the  legs 
BB,  and  BOB  to  be  length- 
ened or  shortened,  when 
the  two  pieces  are  ap- 
plied to  each  other.  The 
fixed  leg,  BB,  is  repre- 
sented as  beneath  the 
moveable  one  bob,  or 
radius  measuring90°,  and 
the  lower  end  of  the 
centre-pin  is  made  to  fit 
the  hole  or  centre  in  the 
protractor  precisely  at  the 
same  time  that  a stud  or 
projecting  piece  of  brass,  being  admitted  into  the  long  perforation  a of  the 
leg  BB,  the  piece  becomes  steadily  attached  to  the  protractor  or  semi- 
circle, as  seen  in  the  figure. 

The  application  of  this  instrument  is  obvious.  The  crystal  to  be 
measured  is  applied  between  the  compasses,  which,  being  thus  set,  are 
applied  to  the  protractor,  and  the  value  of  the  angle  read  off  at  the  fiducial 
edge  of  the  leg  bcb.  It  is,  however,  seldom  that  accurate  results  can  thus 
be  attained,  for  the  surfaces  of  crystals  are  generally  too  small  or  too  im- 
perfect, to  admit  of  such  method  of  measurement. 

The  reflective  goniometer  (fig.  18),  invented  by  Dr.  Wollaston  (Phil. 
Trans..,  1809),  is  a more  useful  and  perfect  instrument.  It  enables  us 
to  determine  the  angles  even  of  minute  crystals  with  great  accuracy; 
a ray  of  light  reflected  from  the  surface  of  the  crystal  being  employed 
as  radius,  instead  of  the  surface  itself.  Mr.  W.  Phillips  has  given  the 
following  description  and  practical  details  for  the  use  of  this  instrument, 
in  his  Introduction  to  Mineralogy. 

a b the  principal  circle,  graduated  on  one  edge  to  half  degrees, 
and  divided,  for  convenience,  into  two  parts  of  180°  each;  (it  isgra- 
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duated  only  in  part  in  tlie  annexed  sketcli).  c is  a brass  plate, 
upon,  and  supported  by,  the  pillar  t/,  and  graduated  as  a vernier, 
the  axle  of  the  circle  a 
and  passes  through  the 
upper  part  of  the  two  pil- 
lars d the  other  ends  of 
which  are  inserted  into  a 
wooden  base  m.  g h is  an 
axle,  enclosed  wdthin  fj\ 
and  turned  by  means  of 
the  smallest  circle  z,  which 
communicates  a motion  to 
all  the  apparatus  on  the 
left  of  /z,  without  moving 
the  principal  circle  a b.  k 
is  a circle,  to  which  is  at- 
tached the^xle  of  the  prin- 
cipal circle.  If  therefore  Ava 
would  move  the  latter,  it 
Avill  be  done  by  moving  /r, 
and  as  the  axle  of  the  prin- 
cipal circle  includes  that  of 
the  apparatus  on  the  left  of 
/z,  Ave  must  necessarily  give 


screAved 

//  is 


a motion  to  the  Avhole  instrument  by  moving  the  circle  h. 

These  two  movements  being  understood,  let  us  noAV  suppose  that  we 
AA'ant  to  measure  a crystal ; a rhomboid  of  carbonate  of  lime,  for  instance*. 
Let  I be  the  rhomboid,  attached  by  means  of  Avax  to  one  end  of  a plate 
of  bi  ■ass  n j the  other  end  of  the  plate  being  placed  in  a slit  in  the  upjAer 
part  of  the  circular  brass  stem  o,  Avhich  passes  through  the  tube  to 
AA’hich  it  is  so  adjusted  as  to  alloAV  of  being  moved  either  up  or  cIoavu,  or 
circularly,  by  means  of  the  circle  q.  The  tube  p is  fixed  to  the  curved  brass 
plate  r,  Avhich  is  attached,  but  so  as  to  alloAv  of  motion,  to  another  curved 
plate  5,  by  means  of  a pin  /,  the  other  end  of  the  latter  plate  being  con- 
nected Avith  the  concealed  axle  g /z,  to  Avhich  a motion  is  given  by  turn- 
ing the  little  circle  i.  By  means  of  the  pin  t and  the  tube  p,  therefore, 
Ave  have  tAvo  motions,  in  addition  to  the  tAvo  before  described  as  be- 
longing to  the  axles  of  the  instrument.  The  inner  axle,  however,  may 
be  said  to  be  the  centre  of  all  the  motions.  It  Avill,  therefore,  be  of 
advantage  that  the  rhomboid  of  carbonate  of  lime  should  be  placed  as 
nearly  on  a line  with  that  axle  as  possible : this  Avill  be  sufficiently 
adjusted  by  means  of  the  stem  o,  Avhich  admits  of  being  raised  or 
depressed  at  pleasure. 


The  use  of  this  instrument  depends  on  the  reflecting  power  of  the 
polish  on  the  natural  planes,  or  fractured  surfaces  of  minerals  : and  that 
this  is  in  some  cases  very  poAverful,  any  one  may  conAunce  himself  by 
looking  ppon  a brilliant  plane,  held  beneath  the  eye,  Avith  its  edge  nearly 


* As  it  is  necessary  that  this  instrument 
when  used  should  be  perfectly  steady,  it 
should  be  placed  upon  a firm  table,  and 
may  be  raised  to  a convenient  level  (about 

A^ol.  I. 


a foot  above  it),  by  its  case,  the  top  of 
which  is  represented  in  the  wood-cut ; m is 
the  base  of  the  goniometer,  and  y y,  two 
holloAved  slips  of  wood  which  receive  it. 
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touching  the  lower  lid,  and  not  far  distant  from  a window ; he  will  then 
observe  the  reflection  of  the  bars  very  distinctly.  Let  us  then  suppose 
the  goniometer,  as  above  represented,  to  be  distant  from  a window  from 
eight  to  twenty  feet.  Let,  then,  f be  a black  line  (the  use  of  this  is 
essential)  drawn  on  the  wainscot  between  the  window  and  the  floor,  and 
perfectly  parallel  with  the  horizontal  bars  of  the  window.  If,  then,  the 
eye  be  placed  almost  close  to  the  rhomboid  /,  a reflection  of  one  of  the 
bars  will  be  seen  on  one  of  its  planes.  Let  us  suppose  the  reflection  to 
be  in  the  direction  of  the  lower  dotted  line  on  the  plane  ; and  it  will  be 
clear  that  it  cannot  be  parallel  with  the  bar  of  the  window,  not  being 
even  with  the  black  line  v.  It  must  therefore  be  adjusted.  This  ma}^, 
perhaps,  be  done  by  slightly  drawing  to  the  left  the  circle  which 
communicates  motion  by  means  of  the  pin  t;  or  perhaps  it  may  be  done 
by  giving  a circular  motion  to  the  stem  o.  By  one  of  these  two  motions, 
or  by  both,  it  may  certainly  be  effected.  If,  however,  the  reflection 
appears  to  be  like  the  upper  dotted  line,  that  is,  parallel  with  the  black 
line,  F,  we  must  first  convince  ourselves  that  it  is  so,  simply  by  depressing 
the  crystal  a little  by  means  of  moving  the  little  circle  ^,  so  as  to  bring 
the  reflection  npoJi  the  black  line.  This  being  adjusted,  which  must  be 
done  precisely,  we  then  turn  the  crystal,  by  turning  the  little  circle  z, 
until  the  reflection  of  the  sa7ne  bar  be  seen  on  the  next  plane,  perfectly 
on  a line  with  and  upon  the  black  line  v.  However,  in  adjusting  the 
second,  we  may  disturb  the  first  reflection.  By  perseverance  it  will  be 
found  that  both  can  be  adjusted  by  means  of  one  or  other  of  the  move- 
ments by  the  stem  o,  or  the  pin  or  by  the  help  of  both,  and  a short 
experience  will  do  away  the  chief  difficulties.  Both  reflections  being 
precise,  we  are  now,  by  means  of  the  circle  to  turn  the  principal  circle 
until  it  is  arrested  by  the  stop  x on  the  pillar  d;  it  will  then  be  found 
that  180  on  the  principal  circle  coincides  with  0 on  the  vernier.  In  doing 
this  however,  we  may  slightly  disarrange  the  reflections  on  the  plane  of 
the  crystal,  wdiich  may  be  re-adjusted  simply  by  moving  the  little  circle  z, 
which  will  not  disturb  the  principal  circle  a b : we  must  be  certain, 
however,  that  180  on  it  foi'ms  a line  with  0 on  the  vernier.,  at  the  same 
time  that  the  reflection  of  the  bar  is  seen  along  the  black  line.  One 
movement  more,  and  the  measurement  will  have  been  made.  Turn  the 
circle  keeping  the  eye  almost  close  to  the  rhomboid,  until  the  reflection 
of  the  same  bar  is  seen  on  the  adjoining  plane  precisely  upon  the  black 
line  F,  and  the  operation  is  completed.  It  must  then  be  observed  what 
proportion  of  the  principal  circle  has  been  moved.  Suppose  that  105  on 
it  he  now  on  a line  with  0 on  the  vernier ; — it  is  the  value  of  the  angle. 
But  suppose  it  to  be  a little  more  than  105  and  less  than  105^:  it  must 
then  be  observed  which  line  of  the  vernier  touches.,  or  forms  but  one  line 
with,  another  line  on  the  principal  circle : suppose  it  to  be  5 on  the 
vernier,  the  angle  is  then  105°  5^,  which  is  the  true  value  of  the  obtuse 
angle  of  a rhomboid  of  carbonate  of  lime. 

In  pursuing  the  method  of  dissection  above  described,  Haiiy  obtained 
prhnitivefor7ns ; namely,  the  parallelopipedon,  including  the  cube, 
&c.  (fig.  19)  ; the  tetrahedron  (fig.  20)  ; the  triangular  prism  (fig.  21)  ; 
the  octohedron  (fig.  22)  ; the  hexahedral  prisim  (fig.  23)  ; the  rhomboidal 
dodecahedron  (fig,  24) ; the  triangular  dodecahedron  (fig.  25).  From 
these  he  deduced  the  secoridary  forms,  which  he  assumed  as  arising  from 
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decrements  of  particles  taking  place  on  different  edges  and  angles  of  the 
primitive  forms.  Thus  a cube,  having  a series  of  decreasing  layers  of 
cubic  particles  upon  each  of  its  six  faces,  will  become  a dodecahedron,  if 
the  decrement  be  upon  the  edges  (fig.  26) ; but  an  octohedron,  if  upon 
the  angles;  and  by  irregular,  intermediate,  and  mixed  decrements  (fig.  27), 
an  infinite  variety  of  secondary  forms  would  ensue,  as  the  annexed  figures 
show.  Upon  this  hypothesis,  therefore,  every  crystal  is  supposed  to  in- 
clude an  invariable  nucleus,  or  primitive  form^  from  which  the  secondary 
Joryns  are  derived,  by  certain  laws  decrement^ . 

These  illustrations  have  been  taken  from  Haiiy  as  furnishing  the 
simplest  instances  of  his  theoretical  views,  but  other  crystallographers  have 
given  very  different  statements  of  the  number  and  nature  of  the  primary 
forms.  Brooke  (^Introduction,  p.  6)  has  enumerated  fifteen,  namely, 
i.  The  cube,  contained  within  six  square  planes  (fig.  19).  2.  The  regular 

tetrahedron,  contained  within  four  equilateral  triangular  planes  (fig.  20). 

3.  The  regular  octohedron,  resembling  two  four-sided  pyramids  united 
base  to  base ; the  planes  are  equilateral  triangles,  and  the  common  base  of 
the  two  pyramids  (or  the  base  of  the  octohedron)’!^  a square  (fig.  22). 

4.  The  rhombic  dodecahedron  contained  between  twelve  equal  rhombic 

planes  (fig.  24).  5.  The  octohedron  with  a square  base  (fig.  28),  con- 

tained within  eight  equal  isosceles  triangular  planes ; the  square  base 
distinguishes  it  from  figures  29  and  30,  and  is  the  only  part  of  the  figure 
which  is  constant.  6.  The  octohedron  with  a rectangular  base;  its  planes 
are  generally  isosceles  triangles,  but  not  equal  (fig.  27).  7,  The  octohe- 

dron with  a rhombic  base,  contained  within  eight  equal  scalene  triangular 
planes  : all  its  dimensions  are  variable  (fig.  30).  8.  The  right  square 

prism  (fig.  31).  (A  prism  is  a solid  whose  lateral  edges  are  parallel, 
and  whose  terminal  planes  are  also  parallel:  those  which  stand  per- 
pendicularly when  resting  on  their  base,  are  called  right  prisms ; those 
which  incline,  are  called  oblique  prisms.)  9.  The  right  rectangular  prism 
(fig.  32),  whose  three  edges,  a b c,  are  unequal;  for  if  any  two  of  these 
were  equal,  the  prism  would  be  square.  10.  The  right  rhombic  prism 
(fig.  33),  differing  from  the  preceding  in  the  planes  a a being  rhombs. 
11.  Th  e right  rhomboidal  prism  (fig.  34),  in  which  the  planes  a a are 
rhomboids.  12.  The  oblique  rhombic  prism  (fig.  35).  13.  The  oblique 

rhoynboidal  prism  or  doubly  oblique  prism  (fig.  36).  14.  The  rhomboid, 

or  y'hombohedron,  bounded  by  six  equal  rhombic  planes  (fig.  37)-  15.  The 
regular  hexagonal  prism  (fig.  38).  In  reference  to  the  geometrical  rela- 
tions of  these  forms  to  each  other,  and  to  the  production  of  secondary 
forms,  I must  again  refer  to  Brooke’s  Introduction. 


* “This,”  says  L.  Gmelin,  “is  only 
a theoretical  expression,  which  is  applied  by 
the  author  to  the  calculation  of  the  forma- 
tion of  the  secondary  surfaces,  and  leads  to 
the  assumption  that  crystals  in  their  first 
origin  have  the  same  form  which  they  pos- 
sess when  they  have  attained  their  perfect 


state.  But,  according  to  the  views  of 
Weiss,  the  angles  of  the  different  primi- 
tive and  secondary  surfaces  may  be  simply 
deduced  from  the  mere  relations  of  the  linear 
dimensions  of  a crystal,  without  the  as- 
sumption of  so  unnatural  an  hypothesis  as 
that  adopted  by  Haiiy.” 
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The  geometrical  forms  of  crystals  have  been  referred  by  Y’eiss  and 
IMohs  to  certain  lines,  in  respect  to  -whicli  each  face  is  accompanied  by 
others  having  the  same  positions  and  properties,  and  which  are  termed 
axes  of  syrnmetry . A rhomboid  of  calc-spar,  for  instance,  may  be  so 
placed  with  one  of  its  obtuse  angles  uppermost,  as  that  the  three  faces 
which  meet  there  shall  be  equally  inclined  to  the  perpendicular  line  : 

In  this  position  every  derivative  face  which  is  obtained  by  any  modifi- 
cation of  the  faces  or  edges  of  the  rhombohedron,  implies  either  three  or 
six  such  derivative  faces;  for  no  one  of  the  three  upper  faces  of  the 
rhombohedron  has  any  character  or  property  different  from  the  other  two ; 
and  therefore  there  is  no  reason  for  the  existence  of  a derivative  from  one 
of  the  primitive  faces  which  does  not  equally  hold  for  the  others.  Hence 
the  derivative  forms  will  in  all  cases  contain  none  but  faces  connected  by 
this  kind  of  correspondence;  the  axis  thus  made  vertical  will  bean  axis 
of  symmetry,  and  the  crystal  will  consist  of  three  divisions  ranged  round 
this  axis  and  exactly  resembling  each  other.  But  this  is  only  one  of  the 
kinds  of  symmetry  which  crystalline  forms  may  assume  : instead  of  being 
aniaxal^  they  may  have  three  axes  of  complete  and  equal  symmetry  at 
right  angles  to  each  other,  as  the  cube  and  regular  octohedron ; or  two 
axes  of  equal  symmetry  perpendicular  to  each  other,  and  to  a third  axis 
which  is  not  affected  with  the  same  symmetry  with  which  they  are ; such 
a figure  is  a square  pyramid:  or  they  may  have  three  rectangular  axes  all 
of  unequal  symmetry,  the  modifications  referring  to  each  axis  separately 
from  the  other  two,  such  as  a right  rectangular  prism.  Tiie  law  of 
crystalline  symmetry  is  such,  that  if  a face  of  a crystal  be  observed  to 
bear  a certain  relation  to  one  of  the  axes,  other  faces  must  fulfil  the  same 
condition  with  regard  to  the  equal  axes  : hence  it  follows  that  the  forms 
which  are  allied  to  the  cube  or  octohedron,  all  of  whose  axes  are  equal,  are 
few,  simple,  and  of  perfect  symmetry.”  The  table  on  the  next  page  repre- 
sents the  six  systems  of  Weiss,  with  their  allied  forms  and  their  relations 
to  heat  and  light.  (Daniell,  §§  124,  125;  Tukneu,  EAem.  Ch.) 

As  regards  the  molecular  structure  of  crystals,  we  occasionally  meet 
with  cases  to  which  the  above  theories  of  primary 
and  secondary  forms  are  not  satisfactorily  appli- 
cable. A slice  of  fluor-spar,  for  instance,  obtained 
by  making  two  successive  and  parallel  sections, 
may  be  divided  into  acute  rhomboids ; but  these 
are  not  the  primitive  form  of  the  spar,  because, 

])y  the  removal  of  a tetrahedron  from  each  extre- 
mity of  the  rhomboid,  an  octohedron  is  obtained 
(fig.  39).  Thus,  as  the  whole  mass  of  fluor 
may  be  divided  into  tetrahedra  and  octohedra,  it 
becomes  a question  which  of  these  forms  is  to  be 
called  primitive,  especially  as  neither  of  them 
can  fill  space  without  leaving  vacuities,  nor  can  they  produce  any  arrange- 
ment sufficiently  stable  to  form  the  basis  of  a permanent  crystal.  Mr. 
Daniell,  in  the  following  figures,  has  represented  these  constructions  of  the 
tetrahedron  and  octohedron  each  with  tetrahedral  and  octohedral  particles, 
in  which  it  is  seen  that  the  tetrahedral  structure  is  interspersed  with 
octohedral  vacuities,  and  the  octohedral  with  tetrahedral  spaces  ; so  that 
one  might  be  conceived  to  be  taken  out  of  the  otlier.  “ All  bodies,”  he 
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Tetrahedral  Tetrahedron.  Octohedral  Tetrahedron. 


observes,  “ may  be  considered  as  attracting  each  other,  as  if  the  whole 
of  tlieir  matter  ■were  condensed  into  their  centres  of  gravity,  which 
therefore  w^oiild  in  all  cases  be  drawn  as  closely  as  possible  together: 
under  this  law  solid  tetrahedra  and  octohedra  would  aj^ply  themselves 
to  each  other  by  their  sides,  and  not  by  their  edges/’ 

To  obviate  such  incongruities.  Dr.  AVollaston  {Phil.  Trans. ^ 1813), 
following  out  an  hypothesis  previously  sug- 
gested by  Dr,  Hooke,  proposed  to  consider 
the  primitive  particles  as  spheres^  which,  by 
mutual  attraction,  have  assumed  that  arrange- 
ment wdiich  brings  them  as  near  as  possible  to 
each  other.  When  a number  of  similar  balls 
are  pressed  together  in  the  same  plane,  they  form  equilateral  triangles 
with  each  other  (fig.  44) ; and  if  balls  so  placed  w^ere  cemented  toge- 
ther and  afteiwvards  broken  asunder,  the  straight  lines  in  which  they 
would  be  disposed  to  separate  w’ould  form  angles  of  60°  with  each  other. 
A single  ball,  placed  anywhere  on  this  stratum,  wmuld  touch  three  of 
the  low^r  balls,  and  the  planes  touching  their  surfaces  would  then  include 
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a regular  tetralieciron  (fig-  45).  A square  of  four  balls,  with  a single  ball 
resting  upon  the  centre  of  eacli  surface,  would  foini  an  octoheciion 
(fio-.  46) ; and  upon  applying  two  other  balls  at  opposite  sides  of  this 
octohedron,  the  group  will  represent  the  acute  rhombohedron  (fig.  47);  or 
by  placing  a ball  on  each  face  of  the  octohedron,  it  becomes  a cube 
(fio-. 48).  Thus  the  difficulty  of  the  primitive  form  of  fluor,  above  alluded 
to,”is  done  awa}^  by  assuming  a sphere  as  the  ultimate  molecule.  By 
oblate  and  oblong  spheroids  other  forms  may  be  obtained.  Thus  by 

oblate  spheroids  having  their  axes  in  the  pro- 
portion of  1 to  2*875  oblate  rhomboedron, 
the  angles  of  which  would  correspond  with 
those  of  calc-spar,  would  result,  and  all  such 
solids  would  split  in  directions  parallel  to  their 
faces  (fig.  49).  With  oblong  spheroids,  on  the 
contrary  (fig.  50),  the  centres  would  approach 
nearest  to  each  other  by  mutual  attraction  when 
their  axes  were  parallel  and  their  shortest  diameters  in  the 
same  plane ; whence  a solid  which  would  split  into  plates  at 
right  angles  to  its  axis,  and  the  plates  would  be  divisible 
into  ecjuiangular  three  or  six-sided  prisms ; a cleavage  be- 
longing to  phosphate  of  lime,  to  the  beryl,  and  other  minerals. 

Daniell  (^Quarterly  Journal  of 
Science  and  ike  Arts,  vol.  i., 
and  Journal  of  the  Royal  Insti- 
tution^ vol.  ii.)  has  suggested  some 
curious  confirmations  of  Wollas- 
ton’s hypothesis.  It  lias  already 
been  stated  that  if  an  amorphous 
piece  of  alum  be  immersed  in 
water,  and  left  quietly  to  dis- 
solve, it  is  unequally  acted  upon 
by  the  fluid  (see  fig.  1,  p.  5):  and 
the  mass  presents  the  forms  of  oc- 
tohedra,  and  sections  of  octohedra, 
as  it  were  carved  or  stamped  upon 
its  surface.  This  appearance  (more 
definitely  represented  in  figs.  51 
and  52)  is  produced  when  the 
attraction  of  the  water  for  the 
solid  is  nearly  counterbalanced  by 
its  mechanical  texture.  The  crys- 
tals formed  by  this  species  of  dis- 
section are  highly  curious,  from 
their  modifications  and  relative 
positions,  as  the  same  group  presents  the  primitive  form,  as  well  as  its 
truncations  and  decrements. 

Other  salts  yield  other  figures,  and  by  more  complicated  chemical 
action,  as  of  acids  upon  carbonate  of  lime,  the  metals,  &c,,  analogous 
results  are  obtained.  Here,  then,  instead  of  dividing  a crystal  by 
mechanical  force,  its  structure  is  gradually  developed  by  the  process  of 
solution.  In  these  cases  two  circumstances  are  particularly  remarkable; 


SPHEROIDICAL  MOLECULES. 


25 


the  crystals  are  different ; and  their  forms  vary  with  the  different 
faces  of  the  orifrinal  mass.  In  one  direction  we  observe  octoliedra  and 

o 

sections  of  octoliedra ; in  another,  parallelograms,  modified  by  certain 
determinate  intersections.  If,  in  either  of  these  positions,  we  turn  the 
mass  upon  its  axis,  the  same  figures  are  perceived  at  every  quadrant  of  a 
circle;  and  if  we  suppose  the  planes  continued,  they  will  mutually  in- 
tersect each  other,  and  various  geometrical  solids  Avill  be  constructed. 
In  this  v'ay,  alum  alone  furnishes  octohedrons,  tetrahedrons,  cubes,  four 
and  eight- sided  prisms,  either  ivith  plain  or  pyramidal  terminations,  and 
rhombic  parallelopipedons.  It  is  evident,  then,  that  no  theory  of  crystal- 
lization can  be  admitted,  which  is  not  founded  upon  such  a disposition 
of  constituent  particles,  as  may  furnish  all  these  modifications,  by  mere 
abstraction  of  certain  individuals  from  the  congeries,  ivithout  altering 
the  original  relative  position  of  those  ivliich  remain ; and  these  condi- 
tions may  be  fulfilled  by  such  an  arrangement  of  spherical  particles,  as 
Avould  arise  from  the  combination  of  an  indefinite  number  of  spheres 
endued  with  mutual  attraction ; and  no  other  geometrical  solid  is 
adequate  to  the  purpose;  and  Avhere  bodies  afford  crystals  differing  from 
the  octohedral  series,  an  analogous  explanation  is  furnished  by  supposing 
their  constituent  particles  to  consist  of  oblate  spheroids  Avhose  axes  bear 
different  proportions  to  each  other  in  different  substances.  Hence  we 
may  also  conclude,  that  the  internal  structure  of  all  crystals  of  the  same 
body  is  alike,  however  the  external  shapes  differ.  In  corroboration 
of  this  hypothesis,  Daniell  remarks  that  the  hexahedron  is,  of  all 
geometrical  figures,  that  which  includes  the  greatest  capacity  under  the 
least  surface.  “ If,  therefore,  the  ultimate  particles  of  crystalline  bodies 
be  spheres  or  spheroids,  the  greatest  possible  number  in  the  least  space 
Avill  be  included  in  this  form.  It  is  probable  that  the  exterior  shape  of 
every  crystal  is  determined  by  the  nucleus  first  formed  by  a certain 
definite  number  of  particles,  which,  by  the  poAver  of  mutual  attraction, 
overcome  the  resistance  of  the  medium  in  which  they  Avere  suspended, 
or  from  Avhich  they  Avere  sej)arated.  This  number  may  vary  Avith  the 
solvent,  or  other  contingent  circumstances.  Four  spherical  particles, 
thus  united,  Avould  balance  each  other  in  a tetrahedral  group,  six  in  an 
octohedral  group,  and  each  would  present  particular  points  of  attraction 
to  which  all  subsequent  deposits  Avould  be  directed.  Noaa^,  let  us  imagine 
two  nuclei  formed  in  the  same  solution,  Avhose  axes  run  in  contrary 
directions;  their  increase  will  consequently  be  in  contrary  directions,  and 
each  Avill  attract  a particular  system  of  particles  from  the  surrounding 
medium.  If  these  tAvo  systems  should  cross  each  other  in  their  course, 
a greater  number  Avill  be  brought  Avithin  the  sphere  of  mutual  reaction 
at  the  point  of  junction,  and  they  ought  to  arrange  themselves  in  the 
least  possible  compass.  The  facts  here  ansAver  to  the  theory.  If  Ave 
select  any  crystals,  having  others  crossing  them  nearly  at  right  angles, 
and  separate  them,  the  points  of  junction  inA^ariably  present  an  hexahedral 
arrangement.” 

We  have  already  adverted  to  the  important  applications  of  the  pheno- 
mena and  process  of  crystallization  to  theoretical  and  practical  chemistry. 
To  the  mineralogist,  the  science  of  crystallography  is  equally  indispen- 
sable; it  enables  him  to  determine  the  species  to  Avhich  minerals  belong,  and 
to  recognise  their  varieties  by  their  external  and  mechanical  characters. 
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ClIAFTKR  II. 

HEAT,  LIGHT,  AND  RADIANT  MATTER. 


Heat — its  Effects  and  Sources. 

H EAT  may  be  considered  as  the  antagonist  power  to  attraction^',  one 
of  its  most  obvious  effects  being  the  dilatation  or  expansion  of  bodies;  so 
that,  whenever  a body  is  heated,  it  is  enlarged  in  bulk,  and  consequently 
diminished  in  density.  These  changes  are  temporary  only;  for,  on 
cooling,  the  body  regains  its  former  dimensions,  and  a further  reduction 
of  heat  causes  a proportionate  diminution  of  bulk;  hence,  bodies  are  said 
to  expand  when  heated^  and  to  contract  when  cooled;  a law  to  which  the 
exceptions  are  very  limited. 

We  know  nothing  of  the  cause  of  heat,  but  we  generally  refer  the 
effects  perceived  to  the  presence  of  a highly  attenuated  and  imponderable 
fluid,  the  particles  of  which  are  presumed  to  repel  each  other,  but  to  be 
attracted  by  all  other  substances : it  is  supposed  to  pervade  all  matter, 
and  to  be  diffused  over  the  universe.  To  this  subtile  matter  the  French 
nomenclaturists  gave  the  name  of  caloric — a term  which  has  been  much 
employed,  under  the  idea  that  the  word  heat^  which  is  applied  both  to  cause 
and  effect,  might  lead  to  ambiguity:  this,  however,  it  need  not;  and  what- 
ever may  be  the  cause  of  the  phenomena,  the  word  heat  may  he  used  to  de- 
note that  state  or  condition  of  a body  which  excites  in  us  the  sensation  of  heat. 

§ I.  Expansion  in  general. 

Bodies  exist  in  nature  under  three  forms, — solids^  liquids.,  and  gases 
or  vapors;  these  three  forms  of  matter  suffer  expansion  and  contraction 
in  very  different  degrees,  when  exposed  to  similar  changes  of  temperature ; 
in  solids.,  the  change  of  dimensions  is  comparatively  small,  and  refined 
means  are  necessary  to  determine  and  measure  it;  in  liquids  it  is  less 
opposed  by  cohesion,  and  therefore  more  obvious;  and  in  aeriform  bodies 
or  gases.,  the  particles  of  which  are  already  mutually  repulsive,  it  is 
extremely  apparent:  1000  cubic  inches  of  air,  by  being  heated  from  the 
freezing  to  the  boiling-point  of  water,  sustain  an  increase  in  bulk  of  375 
parts  ; of  water  45 ; and  of  iron  only  4. 

To  show  the  expansion  of  a solid,.,  a bar  of  metal  for  instance,  we  may 
be  provided  with  a gauge  which  measures  its  length  and  breadth  at  ordi- 
nary temperatures;  and  it  will 
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be  found  that,  when  heated,  it 
will  no  longer  pass  through  the 
apertures  which  readily  admitted 
it  when  cold,  a (fig.  53)  is  a 
brass  bar  with  a handle  attached, 
the  length  of  which,  at  common 
temperatures.,  is  exactly  equal  to 
the  notch  c in  the  plate  5,  and  it 
exactly  passes  into  the  circular  aperture  d.  If  the  bar  be  now  heated  by 
plunging  it  into  boiling  Avater,  it  will  be  found  so  much  enlarged  in  all 
its  dimensions,  as  not  to  pass  through  the  apertures.  If,  on  the  contrary, 
it  be  cooled  by  ice,  it  will  then  contract,  and  pass  them  more  readily. 


* Fresnel  observes  that  a sensible  re- 
pulsive power  is  conferred  by  heat  upon 


bodies  delicately  suspended  in  vacuo. 
(Ann.  Ch.  et  Ph.,  xxix.,  57  and  107.) 
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The  expansion  and  contraction  of  a liquid^  when  heated,  are  easily 
shown  as  follows:  pour  into  a large  thermometer  tube  (tig.  54)  a quantity 
of  brandy  or  other  spirit,  so  as  to  fill  the  bulb,  and  rise  in  the  stem  up  to 
the  mark  a.  Plunge  it  into  warm  water,  and  the  liquid  will  dilate  and 

rise  in  the  tube  up  to  the  point 
h;  remove  it,  and  suffer  it  to 
regain  its  original  temperature, 
and  its  bulk  will  return  to  a; 
but  if  it  now  be  put  into  ice, 
the  liquid  will  contract,  falling 
in  the  tube  to  c;  but  again  expanding,  when  removed  into  the  atmo- 
sphere at  ordinary  temperatures. 

Aeriform  bodies  far  exceed  the  former  in  ex- 
^ pansibility.  Place  a thermometer-tube,  with  its 
open  end  in  a glass  of  water,  as  in  fig.  55,  and 
apply  the  heat  of  the  hand  to  the  bulb  a ; this 
will  be  sufficient  to  expand  the  air  within,  so 
that  bubbles  will  escape  through  the  water,  and 
on  removing  the  source  of  heat,  the  water  will 
mount  in  the  tube,  showing,  by  the  place  it 
occupies,  the  degree  of  expansion  which  the  air 
had  suffered. 

Thus  far  the  general  fact  of  the  expansion  of 
the  different  forms  of  matter  by  Jieat^  and  their 
contraction  by  cold^  is  easily  demonstrated;  but 
there  are  peculiarities  belonging  to  each,  and 
applications  resulting  from  them,  which  must  be 
entered  into  more  in  detail. 


2.  Of  the  Expansion  of  Solids. 


Different  solids  possess  different  degrees  of  expansibility,  and 
among  them  the  metals  are  most  susceptible  of  change  of  bulk;  but  each 
solid  possesses  a rate  of  expansion  of  its  own.  Lead,  for  instance,  when 
heated  from  the  freezing  to  the  boiling  point  of  water,  expands  in  volume 
one-350th;  iron,  one-800th;  glass,  one-1 000th;  in  other  words,  350 
cubic  inches  of  lead  become  351;  800  of  iron,  801 ; and  1000  of  glass, 
1001.  In  consequence  of  the  numerous  purposes  to  which  glass  and  the 
metals  are  applied,  and  with  which  these  changes  of  bulk  interfere,  it 
becomes  necessary  to  examine  their  extent  with  precision. 

The  following  table  shows  the  linear  dilatation  of  glass*  and  several 
of  the  metals  between  the  freezing  and  the  boiling-point  of  water. 


1000000  of 

Glass  tube  . become 

1000861 

1000000  of  Copper  . 

become 

1001712 

55 

Crown  Glass 

55 

1000875 

„ Brass 

• 55 

1001783 

55 

Platinum 

55 

1000856 

„ Silver  . 

• 55 

1001890 

55 

Cast  iron 

55 

1001111 

„ Tin  . . 

• 55 

1001937 

55 

Steel  . . . 

55 

1001189 

„ Lead 

• 55 

1002867 

55 

Gold  . . . 

55 

1001460 

The  expansion  in  volume  may  be  obtained  without  sensible  error  by 


* In  reference  to  the  irregularities  in  the 
expansion  of  glass  of  different  kinds  and  in 


different  forms,  see  Regnault,  Ann.  Ch. 
et  Ph.,  3 Ser.  iv.  64. 
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trebling  the  number  which  expresses  the  increase  in  lengthy  where,  as  in 
the  above  cases,  the  fraction  of  its  length  is  small. 

In  the  range  of  temperature  between  32^  and  212°,  these  expansions 
are  apparently  nearly  equable;  but  the  experiments  of  Dulong  and  Petit 
(^Anji.  Ch.  et  Ph.^  and  Ann.  of  Philos. xiii.  164),  prove  that  the  rate 
of  expansion  increases  with  the  temperature,  as  shown  in  the  following 
tables : — 


I.  Increasing  Pilatalion  of  Glass  hy  Heat. 

Mean  absolute  Temperatui’e 

Dilatation  of  Glass  for 
each  Degree. 


Temperature  by  Air 
Thermometer. 

From  32''  to  212° 


32°  to  392° 
32°  to  572° 


1 

TTglT'B'  0 

1 

6 5 3 4 0 


5 9 2 2 0 


by  a Thermometer 
made  of  Glass. 


2i2°-0 

415°-3 

G67°-2 


II.  I ncreasing  Dilatation  of  Metals  by  Heat. 


Temperature 

Mean  Dila- 

Temperature 

Mean  Dila- 

Temperature 

Mean  Dila- 

Temperature 

by  Air 

tation  of  Iron 

by  Iron-rod 

tation  of 

by  Copper 

tation  of 

by  Platinum 

Thermo- 

for  each 

Thermo- 

Copper  for 

Thermo- 

Platinum  for 

Thermo- 

meter. 

Degree. 

meter. 

each  Degree. 

meter. 

each  Degree. 

meter. 

212' 

1 

5 0 7'^0 

212° 

1 

3 4 12  0 

212° 

1 

6 7 8 6 0 

212° 

572° 

1 

4 0'6'7  8 

702°'5 

1 

3 18  6 0 

623°-8 

1 

6 5 3 4 0 

592^-9 

It  appears  that,  at  temperatures  beyond  212°,  glass  expands  in  a 
greater  ratio  than  mercury,  and  as  the  mercurial  thermometer  measures 
the  difference  of  the  expansion  of  the  glass  and  metal  upon  the  supposi- 
tion that  they  are  both  uniform,  its  degrees  require  a correction  in  the 
upper  part  of  the  scale,  when  compared  with  equal  dilatations  of  air. 
Thus  the  temperature  of  586°  on  the  mercurial  thermometer  corresponds 
with  572°  on  the  air  thermometer;  while,  from  the  third  column  of  the 
first  table,  it  appears  that  the  expansion  of  glass  alone,  supposed  to  be 
equable,  would  indicate  667°  same  point.  The  second,  fourth, 

and  sixth  columns  of  the  second  table  show  the  mean  expansion  for 
each  degree,  of  iron,  copper,  and  platinum  when  heated  from  32°  to 
212°,  compared  Avitli  that  from  32°  to  572°;  the  third,  fifth,  and  seventh 
columns  indicate  the  degrees  on  thermometric  bars  of  these  metals, 
corresponding  to  the  temperature  of  572°  on  an  air  thermometer. 
By  the  aid  of  his  pyrometer,  Daniell  constructed  the  following  table, 
showing  the  progressive  amount  of  the  expansion  of  several  metals,  up  to 
their  point  of  fusion,  fntrod.^  § 149.) 


Pros:ressive 

Dilatation 

of  Solids. 

1 000000  'parts  at  62°. 

At  212\ 

At  662° 

At  Fusing  Point. 

Black  Lead  Ware  .... 

1000244 

1000703 

Wedgwood  Ware  ..  .. 

1000735 

1 002995 

Platinum 

1000735 

1002995 

1009926  inaximmn,  but  not  fused. 

Iron  (Wrought)  

1000984 

1004483 

J 1018378  to  the  fusing  points  of 
1 cast  iron. 

Iron  (Cast)  

1000893 

1003943 

1016389 

Gold 

1001025 

1004238 

Copper 

1001430 

100!;347 

1024376 

Silver  

1001626 

1006886 

1020640 

Zinc 

1002480 

1008527 

1012621 

Lead 

] 002323 

1009072 

Tin. 

1001472 

1003798 
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According  to  Ure,  zinc  permanently  elongates  after  frequent  heating 
and  cooling.  “ It  would  seem,”  he  says,  ‘‘  that  the  plates  composing 
this  metal,  in  sliding  over  each  other,  by  the  expansive  force  of  heat, 
present  such  an  adhesive  friction  as  to  prevent  their  entire  retraction.” 
In  regard  to  the  unequal  expansion  of  bodies  at  different  temperatures, 
he  remarks,  that  it  is  probable  every  species  of  matter  follows  an  increas- 
ing rate  in  its^  enlargement  by  heat,  for  each  portion  that  enters  a body 
must  weaken  cohesion,  and  therefore  render  the  operation  of  the  next 
portion  that  is  introduced  more  efficacious.”  The  curious  fact  of  the  une- 
cpial  expansion  of  certain  crystals  discovered  by  Mitscherlich  has  already 
been  mentioned,  (p.  12.) 

The  force  exerted  by  the  calorific  expansion  of  solids  is  familiarly 
illustrated  by  the  cracking  of  thick  glass  vessels,  and  especially  flat 
plates  of  glass,  when  suddenly  or  irregularly  heated,  as  when  hot  water 
is  poured  into  a common  tumbler,  or  when  a thick-bottomed  flask  is 
placed  upon  the  sandheat : the  heated  surface  is  expanded,  and  in  con- 
sequence of  the  bad  conducting  power  of  the  material  as  well  as  of  its 
mechanical  texture,  the  heat  can  only  slowly  make  its  way  to  the  next 
layer,  so  that  the  different  parts  of  the  vessel  are  thrown  into  diflPerent 
states  of  tension,  and  a fracture  is  the  consequence:  these  accidents  may 
be  avoided  by  using  very  thin  vessels,  or  by  the  very  gradual  application 
of  the  heat:  in  selecting  flasks  and  retorts,  we  should  therefore  obtain 
them  as  thin  as  is  consistent  with  safety,  and  above  all  avoid  those 
with  blebs,  or  of  unequal  thickness.  We  sometimes  avail  ourselves 
of  the  expansive  effect  of  heat  upon  glass  in  cutting  off  parts  of  vessels, 
by  causing  a crack  to  follow  the  direction  of  a red-hot  wire  traced  upon 
the  surface:  common  watch-glasses  are  in  this  way  cut  out  of  a glass 
globe,  and  various  cracked  glasses  made  useful  in  the  laboratory.  (Fara- 
day’s Chem.  Manip.) 

Flat  plates  of  cast  iron  are  especially  liable  to  be  cracked  by  sudden 
changes  of  temperature,  or  by  unequal  expansion;  the  backs  of  grates, 
and  the  dampers  of  flues  are  thus  frequently  broken:  they  are  less  liable 
to  these  accidents  when  slightly  curved. 

In  consequence  of  the  extensive  use  which  is  made  of  iron  in  the 
construction  of  bridges,  and  as  a substitute  for  timber,  architects  have 
become  more  fully  aware  of  the  necessity  of  making  due  allowance  for 
its  expansion  and  contraction,  and  such  arrangements  as  may  admit  of  it 
Avithout  injury  to  the  other  parts  of  the  building.  The  arches  of  the 
Southwark  bridge  rise  and  fall  about  one  inch  within  the  usual  range  of 
atmospheric  temperatures.  Where  great  lengths  of  iron  pipe  are  used, 
as  for  the  conveyance  of  gas  or  VA'ater,  some  of  the  junctions  are  so  con- 
trived as  to  allow  of  their  elongation  and  contraction,  without  fracture. 
Where  iron  beams  are  employed,  they  must  be  so  placed  as  to  admit  of 
some  play  without  injury  to  the  walls;  and  where  such  precaution  has 
not  been  taken,  their  contraction  and  expansion  have  tended  to  endanger 
the  building.  Iron  roofs,  in  consequence  of  their  situation  exposing 
them  to  the  influence  of  a hot  sun,  or  to  the  cold  of  winter,  require 
peculiar  care  in  this  respect;  and  in  other  cases,  apparently  of  trivial 
importance,  serious  consequences  have  resulted  from  the  incautious 
application  of  iron  bars  in  situations  where  their  changes  of  bulk  could 
be  productive  of  mischief,  as  in  clamping  stones  together  in  the  construe- 
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tion  of  steeples,  and  in  placing  iron  railings  between  columns,  &c. ; for 
these  changes  of  bulk,  small  as  they  are  in  amount,  take  place  with  irre- 
sistible force.  This  fact  was  well  illustrated  in  an  application  made  of  it 
by  Molard  for  restoring  the  perpendicularity  of  the  wails  of  the  Museum 
of  Arts  and  Manufactures  in  Paris,  which,  in  consequence  of  the  weight 
of  the  roof,  were  bulging  outward;  he  laid  iron  rods  across  the  building, 
the  ends  of  which  projected  through  the  opposite  walls ; these  rods  were 
then  heated,  and  when  in  an  expanded  state,  a strong  iron  plate  upon 
either  end  of  each  rod  was  firmly  screwed  up  against  the  exterior  of  the 
wall:  during  their  contraction  on  cooling,  the  rods  drew  the  walls  some- 
what nearer  together:  the  bars  were  then  again  elongated  by  heat,  the 
screws  being  again  tightened,  and  so  by  a repetition  of  the  process  the 
walls  were  gradually  brought  to  a perpendicular  position.  The  same 
process  has  been  applied  in  the  restoration  of  the  cathedral  at  Armagh. 

It  appears  from  the  preceding  table  (p.  27)  that  the  expansion  of  glass 
and  of  platinum  is  nearly  similar:  hence  wires  of  that  metal  may  be  welded 
into  fused  glass  without  inconvenience  ; but  if  we  substitute  a wire 
of  another  metal,  its  different  rate  of  contraction  will  tend  to  break  the 
glass  as  it  cools.  It  is  also  seen  that  iron  or  steel  is  less  expansible  than 
brass ; if,  therefore,  we  form  a compound  bar  of  these  or  any  other  two 
differently  expansible  metals,  by  riveting  or  soldering  them  together,  such 
a bar,  by  changes  of  temperature,  will  constantly  warp  in  one  direction  or 

other,  according  to  the  relative  posi- 
tion of  the  steel  and  brass.  Let  fig.  56 
represent  the  compound  bar,  the  steel 
being  uppermost ; if  we  then  put  it 
upon  a iieated  plate,  the  bar  will  warp, 
as  shown  in  fig.  57,  inconsequence  of 
the  greater  expansion  of  the  brass  ; if, 
on  the  contrary,  the  compound  bar  be  subjected  to  cold,  it  will  assume 
the  opposite  curve  (fig.  58),  in  consequence  of  the  greater  contraction  of 
the  brass.  A compound  plate  of  silver  and  platinum  is  remarkably  sus- 
ceptible of  these  contortions ; and  such  contrivances  have  been  applied  to 
the  construction  of  instruments  for  measuring  changes  of  temperature,  as 
in  Breguet’s  Thermometer^  which  consists  of  a very  thin  and  narrow  strip 
of  platinum,  plated  with  silver  and  coiled  into  a spiral,  one  end  of  which 
is  attached  to  an  upright  support,  and  the  other  to  an  index  moving  over 
a graduated  circle : with  changes  of  temperature  the  spiral  twists  and 
untwists,  carrying  with  it  the  index  : the  value  of  the  degrees  on  the  circle 
is  determined  by  comparison  with  a mercurial  thermometer. 

The  expansion  and  contraction  of  metals  by  heat  and  cold  is  a serious 
inconvenience  to  the  chronometer-maker,  as  necessarily  interfering  with 
the  rate  of  going  of  the  clock  or  watch.  The  pendulum,  to  vibrate 
seconds,  must  always  be  of  a given  length^  and  it  is  obvious  that  if  of 
metal  it  will  be  liable  to  shorten  in  winter  and  lengthen  in  summer : thus 
the  clock  will  be  fast  in  the  former,  and  slow  in  the  latter  season  t. 


* The  length  of  the  pendulum  -vibrating 
seconds  in  vacuo  in  the  latitude  of  London 
(51°  31'  8"  North)  at  the  level  of  the  sea, 
and  at  the  temperature  of  02°,  is  =39T3929 


inches  of  Sir  George  Shuckburgh’s  standard 
scale.  Kater,  Phil,  Trans. ^ 1819,  p.  415. 

f When  the  bob  is  let  down  of  an 
inch,  the  clock  loses  ten  seconds  in  twenty- 
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Tlie  contrivances  which  have  been  resorted  to,  to  counteract  this 
inconvenience,  are  numerous,  and  many  of  them  extremely  ingenious ; 
but  any  details  upon  the  subject  would 
be  misplaced  here.  The  following  mode 
of  compensation  is,  how^ever,  particu- 
larly illustrated  by  the  principle  here 
explained,  a represents  the  pendulum- 
rod  of  brass  or  steel,  suspended  by  the 
thin  plate  h between  the  compensation- 
bars  of  brass  and  steel  (fig.  56)  c c, 
which  are  firmly  fixed  at  the  ends  c, 
and  supplied  with  proper  adjustments. 

Let  us  now  suppose  the  pendulum  ex- 
actly vibrating  seconds  at  the  tempera- 
ture of  62°,  and  that  the  temperature 
rises  to  80°:  in  this  case,  the  bar  a 
would  be  elongated,  and  it  would  not 
then  vibrate  so  many  as  60  seconds  in 
the  minute ; but  the  effect  of  increase 
of  temperature  in  the  compensation- 
bars,  supposing  the  brass  uppermost, 
would  he  to  warp  them,  as  in  the  an- 
nexed sketch,  fig.  60,  and,  virtually,  to 
shorten  the  pendulum ; and  in  cold 
w'eather,  on  the  contrary,  the  rod  of  the 
pendulum  would  be  shortened,  but  the 
bars  warping  upwards  (as  in  fig.  61,) 
would  tend  to  elongate  it.  A similar 
plan  of  compensation  may  be  applied  to 

the  balance-springs  of  watches,  which  are  affected  in  the  same  way,  and 
with  the  same  effects,  as  the  pendulum  of  a clock. 

The  dimensions  of  wood  are  much  less  altered  by  changes  of  tempe- 
rature than  those  of  metals;  certain  kinds  of  wood,  therefore,  are  occasion- 
ally used  for  the  rods  of  large  pendulums,  but  wood  is  liable  to  be  deranged 
by  the  varying  moisture  of  the  atmosphere.  A slip  of  marble  has  also 
been  used  as  a pendulum-rod. 

There  are  some  common  operations,  in  which  the  expansion  and  con- 
traction of  metals  by  heat  and  cold  are  beneficially  applicable  : by  putting 
the  hoops  upon  a cask,  in  a heated  state,  they  gradually  contract  on 
cooling,  and  firmly  bind  the  staves  together;  and,  with  the  same  view, 
the  wheelwright  heats  the  tire  of  his  wheel,  that  it  may  firmly  press 
upon  the  circumference  as  it  cools : so  also  the  plates  of  large  boilers  are 
united  by  hot  rivets,  which  during  their  contraction  on  cooling  draw  them 
i firmly  and  securely  together. 

A remarkable  anomaly  as  regards  the  usual  laws  of  expansion  and 
contraction  is  presented  by  the  fusible  alloy  of  two  parts  of  bismuth,  one 
j of  lead,  and  one  of  tin.  A bar  of  this  metal  at  32°  expands  till  it 
, attains  the  temperature  of  111°;  it  then  contracts  by  the  continued 
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four  hours;  hence  the  elongation  of 
of  an  inch  will  cause  it  to  lose  one  second 
per  (lay,  and  a change  of  temperature  equal 


to  30°  of  Fahrenheit  will  alter  its  length 
about  part,  and  occasion  an  error  in  the 
rate  of  going,  of  eight  seconds  per  day. 
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addition  of  heat  up  to  156°,  when  it  has  attained  its  maximum  density, 
occupying  less  space  than  even  at  32°  ; it  then  again  progressively 
expands,  its  point  of  fusion  being  201°.  (Ermann.)  These  phenomena 
are  well  illustrated  by  filling  a glass  test-tube  with  the  fused  alloy,  and 
suffering  it  to  cool ; this  goes  on  quietly  till  it  arrives  at  its  minimum 
volume,  156°  ; soon  after  which  the  tube  is  suddenly  broken  by  the  ex- 
pansion of  the  metal  during  cooling,  it  attaining  its  maximum  volume  at 
1 11°.  Graham  observes  in  regard  to  this  alloy,  that  as  it  is  a chemical 
compound  of  a kind  in  which  a change  of  constitution  is  very  likely  to 
occur  from  a change  of  temj)erature,  its  peculiarities  cannot  fairly  be  com- 
pared with  those  of  water  presently  to  be  noticed.  (See  Bismuth.) 

§ 3.  Expansion  of  Liquids. 

The  expansibility  of  dilferent  liquids,  like  that  of  solids,  is  liable  to 
variation : alcohol,  for  instance,  is  more  expansible  than  ether,  and  ether 
than  water,  and  water  than  mercury.  Liquids  are  also  differently  ex- 
pansible at  different  temperatures ; and,  generally  speaking,  their  rate  of 
expansion  increases  with  their  temperature.  This  irregularity  is  chiefly 
observed  in  those  liquids  which  readily  boil ; where  they  require  a very 
high  temperature  to  convert  them  into  vapour,  it  is  less  observable.  The 
expansion  of  mercury,  for  instance,  at  low  and  high  temperatures,  is  only 
slightly  dissimilar ; hence  one  of  its  advantages  in  the  construction  of 
thermometers. 

The  following  are  the  rates  of  expansion  of  several  liquids  on  being 
heated  from  32°  to  212°. 


Alcohol 

expands 

1 

9’ 

that  is 

9 measures  become 

10 

Sulphuret  of  Carbon 

1 

9 

33 

9 

>3 

10 

Nitric  Acid  (Sp.  Gr. 

1-45) 

1 

9 

33 

9 

33 

10 

Fixed  Oils 

1 

1 2 

3> 

12 

53 

13 

Ether 

1 

1 4 

33 

14 

33 

15 

Oil  of  Turpentine 

5? 

1 

14 

33 

14 

33 

15 

Sulphuric  Acid 

53 

1 

17 

55 

17 

33 

18 

Water 

?? 

1 

2 2-76 

33 

22*70 

>3 

23*70 

Mercury 

3? 

1 

5 5 5 

33 

55*5 

33 

50*5 

Alcohol,  therefore,  is 

six  times  mor 

e expansive  by 

heat  than 

mercur 

and  in  the  height  of  summer  spirit  of  wine  will  measure  about  5 per  cent, 
more  than  in  the  depth  of  winter. 

The  amount  of  the  expansion  of  liquids  may  be  most  conveniently 
measured  by  introducing  them  into  a small  glass  flask  a,  the  neck  of 

which  is  drawn  out  as  in  the  annexed  figure  : this 
may  be  filled  with  the  liquor  at  any  given  lo7V  tem- 
perature and  its  w'eight  determined  ; it  may  then 
be  immersed  into  the  water  or  oil-bath  b,  and 
heated  up  to  any  given  high  temperature,  by  which 
a quantity  of  the  liquid  will  be  expelled  into  c. 
When  cold  the  flask  may  be  removed  from  the 
bath,  Aviped  clean  and  dry,  and  again  weighed, 
Avhen  the  loss  will  give  the  proportion  of  expan- 
sion. But  as,  in  consequence  of  the  expansion 
sustained  by  the  bulb  or  flask  a,  a result  some- 
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\vliat  below  tlie  real  expansion  will  thus  be  indicated,  it  is  sometimes 
necessary  to  make  a correction  on  that  account : the  actual  expansion 
of  mercury,  for  instance,  between  32^ 
and  212°  is  about  -d--tli  of  its  vo- 
lume,  whereas  its  apparent  expansion 
in  the  above  experiment  would  only 
amount  to  about  ^Uith  very 

expansible  liquids  the  amount  of  this 
error  will  of  course  be  very  trifling; 
but  it  may  be  avoided  by  the  use  of 
the  apparatus  of  Dulong  and  Petit 
the  principle  of  which  is  shown  in  the 
■ annexed  cut  (fig.  63)  ; they  heated  the 
liquid  in  one  limb  of  a syphon,  a,  and  observed  how  high  it  rose  above  the 
level  of  the  same  liquid  in  the  other  limb,  b,  the  temperature  of  which 
was  uniform.  The  amount  of  expansion  was  calculated  from  the  difference 
of  level  in  the  limbs  read  off  upon  a graduated  scale.  (For  the  details  of 
the  construction  and  use  of  their  apparatus  see  Ann.  Ch.  et  Ph..^  vii.  127.) 

The  expansibility  of  the  liquids  resulting  from  the  compression  of 
gases  is  extremely  remarkable,  for  it  appears  from  the  experiments  of 
Thilorier  {Ann.  Ch.  et  Ph..,  lx.  427)  that  liquid  carbonic  acid  is  even 
more  expansible  by  heat  than  air ; heated  from  32°  to  86°,  twenty 
volumes  of  this  liquid  increase  to  twenty-nine,  which  dilatation  is  about 
four  times  greater  than  that  of  air.  Kemp  has  extended  this  obser- 
vation to  the  liquids  resulting  from  the  compression  of  sulphurous 
acid  and  of  cyanogen,  which,  though  less  dilatable  than  carbonic  acid,  are 
much  more  so  than  common  liquids. 

There  is  an  extraordinary  exception  to  the  law  of  expansion  and 
contraction  by  heat  and  cold,  in  the  case  of  water.,  which,  unlike  other 
fluids,  expands  when  cooled  belorv  a certain  point.  Other  fluids  diminish 
in  bulk  till  they  freeze ; but  if  we  fill  a large  thermometer-tube  with 
water,  of  the  temperature,  for  instance,  of  80°,  and  then  plunge  the  bulb 
into  a freezing  mixture,  the  water  goes  on  shrinking  till  it  has  attained 
the  temperature  of  about  40° ; and  then,  instead  of  continuing  to  con- 
tract till  it  freezes,  (as  is  the  case  with  other  liquids,)  it  slowly  expands 
and  rises  in  the  tube  until  it  congeals.  In  this  case  the  expansion 
below  40°  and  above  40°  seem  to  be  equal ; so  that  water  will  be  of  the 
same  bulk  at  32°  as  at  48°,  that  is,  at  8°  degrees  above  or  below  40°. 
Crichton’s  experiments  place  the  maximum  of  density  at  42°,  {Ann.  of 
Phil..,  N.S.,  y.,  p.  491 ;)  those  of  Ilallstidm  at  39‘4.  {Ann.  Ch.  et 
Ph.  xxviii.,  p.  90.)  There  is  an  elaborate  paper  in  the  Ann.  Ch. 
et  Ph.  (t.  Lxx.)  by  Despretz,  upon  the  maximum  density  of  water  and 
of  saline  solutions ; he  places  the  maximum  density  of  water  at  -f  4° 
Centigrade,  (about  39’5°  Fahr.,)  and  states  that  below  the  maximum 
density  the  dilatation  by  cold  is  more  considerable  than  the  dilatation  by 
heat  above  the  same  point,  but  that  the  difference  is  very  minute  and 
may  probably  be  fallacious : that  sea  water  and  all  saline  solutions  have 
a maximum  of  density  : that  the  maximum  of  density  sinks  more  rapidly 
than  the  point  of  congelation. 

This  anomalous  expansion  of  water  by  cold  is  productive  of  important 
consequences  in  nature ; for  if  water,  like  other  fluids,  went  on  diminish- 
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ing  in  bulk,  and  therefore  increasing  in  density,  till  it  froze,  large  bodies 
of  water,  instead  of  being  only  superficially  frozen  in  winter,  would 
become  solid  masses  of  ice.  Let  us  take  a fresh- water  lake  as  an  example. 
The  earth  being  warmer  in  winter  than  the  air,  the  heat  is  withdrawn 
from  the  surface  of  the  water  by  the  cold  breezes  that  blow  over  it,  and 
the  whole  body  of  water  has  its  temperature  lowered  to  40'^,  which  is  the 
point  of  its  greatest  density^  and  a temperature  congenial  to  fish  and 
other  aquatic  animals.  The  cold  now  continues  to  operate  upon  the 
surface  of  the  water,  but  instead  of  diminishing  its  bulk,  and  rendering 
it  heavier  than  the  warmer  water  beneath,  it  expands  and  renders  it 
lighter;  so  that,  under  these  circumstances,  a stratum  of  ice-cold  water 
(at  32°)  will  be  found  lying  upon  a mass  of  warmer  water  beneath  it 
(at  40°).  The  influence  of  the  cold  continuing,  the  surface  of  the  lake 
will  soon  freeze,  but  the  water  immediately  below  the  superficial  coating 
of  ice  will  be  found  comparatively  warm ; and  as  water  is  almost  a non- 
conductor of  heat,  it  will  be  a long  time  before  the  ice  attains  any  thick- 
ness ; and  the  whole  body  of  water,  if  of  any  depth,  can  never  freeze 
throughout.  Indeed,  it  will  be  obvious  that  in  the  case  we  have  sup- 
posed, the  retardation  of  freezing  will  be  proportional  to  the  depth 
of  water  which  has  to  be  cooled,  and  hence  some  very  deep  basins  or  lakes 
are  scarcely  ever  covered  with  ice. 

Perhaps  the  following  experiment  may  render  this  property  of  water 
more  intelligible.  Let  a a\  fig.  64,  represent  two  cylindrical  vessels, 
filled  with  water  at  50°;  h h'  are  iron  trays  surrounding  and  closely 
fitting  the  exteriors  of  the  cylinders,  and  intended  to  contain  a freezing 
mixture  of  snow  and  salt,  which  in  a is  applied  to  the  upper  surface^  bvit 
in  a to  the  bottom  of  the  water.  When  the  temperature  of  the  whole 
bulk  of  water,  in  both  vessels,  is  reduced  to  40°,  that  is,  to  the  point  of 

greatest  density,  it  will  be  found 
that,  in  the  vessel  «,  the  cool- 
ing effect  will  not  proceed 
downwards,  but  will  be  limited 
to  the  surface,  where  the  ther- 
mometer will  gradually  fall  to 
32°,  and  the  water  probably 
freeze ; for  the  ice-cold  water 
being  lighter  than  the  water  at 
40°  below,  it  will  necessarily 
float  upon  the  surface : a ther- 
mometer, therefore,  in  the  upper 
part  of  the  vessel  will  fall  to 
32°,  but  in  the  lower  part  only 
to  40°,  This  may  be  said  to  represent  the  case  of  the  lake  above 
described.  In  the  second  cylinder  a\  the  cold,  instead  of  being  applied 
to  the  surface  of  the  water,  is  applied  to  the  bottom,  and  the  effect  is 
very  different ; for  now  the  cooled  water  becoming  lighter,  ascends,  whilst 
the  warmer  water  descends,  and  becoming  cooler  in  its  turn,  the  whole 
body  of  water  is  reduced  to  the  freezing  temperature,  an  effect  limited 
to  the  surface  in  the  other  cylinder,  which  represents  what  happens  in 
nature,  where  the  cold  is  always  superficial ; and  ice  being  lighter  than 
water,  it  is,  of  course,  formed  and  remains  upon  the  surface. 

As  liquids,  generally  speaking,  are  enlarged^  and  consequently  ren- 
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dered  specjficalhj  lighter^  by  lieat,  it  follows  that,  in  beating  a mass  of 
liquid,  very  different  effects  will  be  produced  by  applying  beat  to  different 
parts  of  the  vessel  containing  it  : a 
and  5,  fig.  65,  represent  two  tubes  of 
thin  glass  filled  with  water.  If  w^e 
apply  the  flame  of  the  spirit-lamp  to 
the  bottom  of  the  tube  «,  the  water 
will  soon  be  heated  equally  through- 
out, and  boil ; and  this  is  the  usual 
way  of  applying  heat,  namely,  to  the 
bottom  of  the  boiler  ; but  if,  as  in  the 
tube  5,  we  heat  the  sin'face  of  the 
water,  it  may  be  made  to  boil  in  the 
upper  part,  whilst  at  bottom  it  will 
remain  cold.  In  this  case,  the  Avater 
becomes  lighter  by  being  heated,  and 
consequently  floats  upon  the  colder 

water  beloAv,  to  which  scarcely  any  heat  will  be  communicated. 

The  currents  that  ensue,  in  the  ordinary  way  of  heating  w^ater,  may 
be  rendered  obvious  by  the  following  experiment : — Fill  a cylindrical 
glass  vessel,  of  the  shape  annexed,  fig.  66,  wdth  winter,  and  throw  into  it 
a feAv  particles  of  bruised  amber,  or  any  other  convenient 
substance,  nearly  of  the  same  specific  gravity  as  the  water, 
so  that,  if  possible,  they  may  neither  sink  nor  float  in  it ; 
then  apply  a gentle  heat  to  the  centre  of  the  bottom  of  the 
vessel,  and  it  Avill  be  seen  that  currents  immediately  begin 
to  ascend  in  the  centre,  or  axis,  and  to  descend  towards 
the  circumference  of  the  vessel,  in  the  direction  shown  by 
the  darts,  or  in  an  inverted  direction  if  the  sides  of  the 
tube  are  most  heated.  These  currents  soon  become  rapid, 
and  continue  till  the  Avater  boils.  It  is,  therefore,  by 
changes  in  the  density  of  the  different  portions  of  Avater, 
that  AA^e  succeed  in  diffusing  heat  (by  what  has  been 
termed  convectioii)  throughout  the  mass.  The  heated 
portion  becomes  enlarged,  and,  therefore,  specifically 
lighter  than  the  adjacent  cold  portions  through  which 
it  ascends ; AA’hilst  they,  descending,  come  into  the 
contact  of  the  heated  surface,  and  in  their  turn  expand 
and  rise.  This  goes  on  till  the  Avhole  of  the  water  has 
acquired  its  boiling  temperature,  and  the  currents  then 
cease. 

Such  currents  may  be  established,  in  properly-con- 
structed vessels,  to  any  extent,  and  heat  thus  communi- 
cated to  Avater  at  a considerable  distance  from  the  boiler; 
a system  advantageously  adopted  in  heating  houses,  con- 
sei'A'atorics,  manufactories,  and  baths.  The  contrivances  for  these  pur- 
poses are  very  various ; but  all,  of  course,  imply  the  necessity  of  an  ascend- 
?7?gand  descending  c,VLY\eni.  The  annexed  (fig.  67)  is  a form  of  apparatus 
for  the  illustration  of  the  direction  and  extent  of  these  currents,  and  their 
application  to  the  conveyance  of  heat  from  one  place  to  another,  a is  a 
large  glass  flask  filled  VAuth  Avater,  into  Avhich  the  tubes  b c are  tightly 
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fitted  by  a perforated  cork 
and  cement ; these  tubes  are 
also  filled  with  water,  and 
dip  into  the  flask  d,  which  is 
filled  with  water  deeply  tinged 
blue  with  indigo ; the  tube  b 
dipping  only  about  half  an 
inch  below  the  surface,  whilst 
c descends  nearly  to  the  bot- 
tom of  the  blue  liquor,  and 
should  be  very  slightly  curved 
upwards  at  its  extremity.  On 
applying  the  flame  of  a spirit 
lamp,  as  at  e,  the  blue  liquid 
ascends  by  the  tube  b,  and 
circulates  through  a,  the  water 
from  which  descends  through 
c into  D,  and  thus  a circula- 
tion of  the  fluid  is  kept  up, 
and  the  heat  conveyed  from 
one  flask  to  the  other. 

In  Perkins’s  apparatus 
for  conveying  heat  through 
buildings  by  the  circulation  of 
water,  an  endless  tube  is  em- 
ployed, the  surface  of  which 
is  occasionally  increased  by 
spiral  or  other  turnings  where 
the  heat  is  to  be  given  ofiP  or 
acquired  : the  annexed  figure 
(68)  may  serve  to  illustrate 
this  principle  ; it  represents  a 
strong  wrought  iron  tube  of 
about  one  inch  diameter  com- 
pletely filled  with  water ; the 
spiral  A passes  through  a 
furnace  where  it  is  highly 
heated,  and  the  water  is  con- 
sequently put  into  motion  in 
the  direction  of  the  arrows; 
the  boiling  of  the  water  or 
formation  of  steam  is  pre- 
vented by  the  pressure,  whence 
the  necessity  of  the  extreme 
perfection  and  strength  of  the 
tube.  B represents  a second 
coil  which  is  supposed  to  be 
in  an  apartment  where  the 
heat  is  to  be  given  out.  c is 
a screw  stopper  by  which  the  water  may  be  occasionally  replenished. 
By  this  form  of  apparatus  the  water  may  be  heated  to  300°  or  400°,  or 
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even  higher,  so  as  occasionally  to  singe  paper.  A larger  tube  and  lower 
temperature  are,  however,  generally  preferable*. 

§ 4.  Expansion  of  Aeriform  Bodies  and  Vapors. 

These  undergo  much  greater  relative  changes  of  bulk  than  the  other 
forms  of  matter,  but  they  also  present  an  important  peculiarity.  In 
other  substances,  each  individual  has  its  own  degree  of  expansion  and  ‘ 
contraction,  whereas  all  pure  aeriform  bodies  expand  and  contract 
alike : so  that,  if  we  accurately  determine  the  expansion  and  contraction 
of  any  one  of  them,  in  a given  range  of  temperature,  that  knowledge 
applies  to  all  the  rest.  It  has  been  ascertained  by  Dalton  and  Gay 
Lussac  that  1000  measures  of  dry  air,  when  heated  from  the  freezing  to 
the  boiling-point  of  water,  suffer  an  increase  in  bulk  about  equal  to  375 
parts;  so  that  1000  cubic  feet  of  air,  at  32°,  become  dilated  to  1375 
cubic  feet  at  212°t.  Air,  therefore,  at  the  freezing-point,  expands 
•j^^th  part  of  its  bulk  for  every  added  degree  of  heat  on  Fahrenheit’s 
scale : that  is, 

480  cubic  inches,  at  32°,  become 

481  at  33°, 

482  at  34°,  &c. 

increasing  one  cubic  inch  for  every  degree.  A contraction  of  one  cubic 
inch  occurs  for  every  degree  below  32°  : thus 

480  cubic  inches,  at  32°,  become 

479  at  31°, 

478  — — at  30°,  &c.  (Graham.) 

The  volume  of  air,  therefore,  at  32°  wmuld  be  doubled  at  480°,  and 
tripled  at  960°  : the  latter  temperature  being  about  that  of  a dull  red 
heat.  Steam,  and  all  other  vapors,  when  heated  out  of  contact  of  their 
respective  fluids,  are  subject  to  laws  of  expansion  similar  to  those  of  air. 

It  may  be  remarked  in  regard  to  the  expansion  sustained  by  aeriform 
bodies  by  increase  of  temperature,  that,  although  great  in  amount,  the 
actual  force  which  is  thus  exerted,  is  small  (as  compared  with  that  of 
solids  and  liquids  under  the  same  circumstances),  in  consequence  of 
their  extreme  elasticity:  thus,  although  the  volume  of  air  (or  of  vapor) 
is  about  tripled  by  a red  heat,  vessels  are  easily  found  which  sustain 


* A question  has  been  raised  concern- 
ing the  safety  of  Perkins’s  apparatus,  not 
merely  as  relates  to  the  danger  of  explosion, 
but  also  respecting  that  of  high  tempera- 
ture ; and  it  has  been  asserted  that  the  water 
may  be  so  highly  heated  in  the  tubes  as  to 
endanger  the  charring  and  even  inflamma- 
tion of  paper,  wood,  and  other  substances 
in  their  contact  or  vicinity:  such  no  doubt 
might  be  the  case  in  an  apparatus  expressly 
intended  for  such  purposes,  but  in  the 
apparatus  as  constructed  by  Perkins, 
with  adequate  dampers  and  safety  valves, 
and  used  with  common  care,  no  such  result 
can  ensue.  Paper  bound  round  an  iron 
tube  is  not  affected  till  the  temperature 
1 exceeds  400°;  from  420°  to  444°  it  be- 
comes brown  or  slightly  singed;  sulphur 
does  not  inflame  below  540°. 


f Rudberg  (Poggend.  Ann.,  xLii.)  places 
this  increase  at  between  364  and  365  parts; 
and  Regnault,  in  an  elaborate  memoir  on 
the  dilatation  of  gases  published  in  the  Ann. 
Ch.  et  Ph.,  3me  Serie,  t.  iv.,  p.  5,  arrives 
at  the  conclusion  that  1000  parts  of  air  at 
0°  Centigrade  (32°  Fahr.)  become  1366  at 
100°  (212°  Fahr.)  He  also  finds  the  co- 
efficients of  dilatation  of  nitrogen,  hy- 
drogen, and  oxygen,  to  agree  exactly  with 
that  of  air : but  carbonic  acid,  protoxide  of 
nitrogen,  and  cyanogen,  present  under  the 
same  circumstances  a higher  number,  that 
of  carbonic  acid  being  0'3685.  (See  also 
papers  on  this  subject  by  Magnus,  Ann. 
Ch.  et  Ph.,  3 S.,  vi.  330  and  353,  and 
remarks  on  them  by  Regnault,  ibid,  370.) 
According  to  James  Crichton,  1000  volumes 
of  air  at  32°  become  1374'8  at  212°. 
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the  pressure  of  the  included  elastic  fluid,  and  it  is  only  where  atmo- 
sphere is  successively  added  to  atmosphere  (as  where  a portion  of  liquid  is 
simultaneously  present)  that  the  pressure  mounts  up  to  a dangerous  extent. 

Thomson  has  given  the  following  tabular  view  of  the  bulk  of  100,000 
parts  of  air  at  all  temperatures  between  32°  and  212° 


Temp. 

Bulk. 

Temp. 

Bulk. 

Temp. 

Bulk. 

Temp. 

Bulk. 

Temp. 

Bulk. 

32' 

100000 

49° 

103536 

65° 

106864 

81' 

110192 

97° 

113520 

33 

100208 

50 

103749 

66 

107072 

82 

] 10400 

98 

113728 

34 

100416 

51 

103952 

67 

107280 

83 

110608 

99 

113936 

35 

100624 

52 

104166 

68 

107488 

84 

110816 

100 

114144 

36 

100833 

53 

104368 

69 

107696 

85 

111024 

110 

116224 

37 

101040 

54 

104576 

70 

107904 

86 

111232 

120 

118304 

38 

101248 

55 

104791 

71 

108112 

87 

111440 

130 

120384 

39 

101459 

56 

104992 

72 

108320 

88 

111648 

140 

122464 

40 

101666 

57 

105200 

73 

108528 

89 

111856 

150 

124544 

41 

101872 

58 

105408 

74 

108736 

90 

112064 

160 

126624 

42 

102080 

59 

105616 

75 

108944 

91 

112272 

170 

128704 

43 

102290 

60 

105824 

76 

109152 

92 

112480 

180 

130784 

44 

102496 

61 

106032 

77 

109360 

93 

112688 

190 

132864 

45 

102708 

62 

106240 

78 

109568 

94 

112899 

200 

134944 

46 

102916 

63 

106448 

79 

109776 

95 

113104 

210 

137024 

47 

48 

103124 

103333 

64 

106656 

80 

109984 

96 

113312 

212 

137440 

The  rate  of  expansion  of  atmospheric  air  at  temperatures  above  212° 
has  been  investigated  by  Dulong  and  Petit  Ch.  et  Ph.,  vii.  120). 

The  following  table  exhibits  the  results  of  their  observations. 

Temperature  by  the  Corresponding  Yolimies 

Mercurial  Thermometer.  of  a given  Volume  of  Air. 


Fa  hr. 

Centig. 

33  

- 36  

0-8650 

32  

0 

1-0000 

212  

100  

1-3750 

302  

150  

1-5576 

392  

200  

1*7389 

482  

250  

1-9189 

572  

300  

2-0976 

680  

360  

2-3125 

The  dilatation  suffered  by  air,  when  heated,  being  very  considerable, 
is,  of  course,  attended  by  a proportionate  diminution  in  the  specific  gra- 
vity or  relative  weight  of  the  heated  portion,  which  ascends  through  the 
colder  mass,  and  excites  currents  and  agitations  in  the  general  bulk  of  air. 
These  currents  often  escape  observation,  in  consequence  of  the  invisi- 
bility of  air;  but  they  may  easily  be  rendered  evident;  and  often  excite 
attention  by  their  violence,  as  when  powerful  draughts  and  wind  are  pro- 
duced. The  smoke-jack  is  put  into  motion  by  the  force  of  the  current  of 
air  which  passes  up  the  chimney. 

In  consequence  of  this  relative  lightness  of  heated  air,  it  always  rises  to 
the  upper  parts  of  rooms  and  buildings,  when  it  either  escapes,  or,  becoming 
cooled  and  relatively  heavier^  again  descends.  If,  in  cold  weather,  we  sit 
under  a skylight  in  a warm  room,  a current  of  cold  air  is  felt  descending 
upon  the  head,  whilst  warmer  currents,  rising  from  our  bodies,  and  coming 
into  contact  with  the  cold  glass,  impart  to  it  their  excess  of  heat.  Being 
thus  contracted  in  bulk,  and  rendered  specifically  heavier,  they,  in  their 
turn,  descend,  and  thus  a perpetual  motion  is  kept  up  in  the  mass  of  air, 
an  effect  attended  with  much  inconvenience  to  those  who  inhabit  the 
room,  and  in  great  measure  prevented  by  the  use  of  double  windows. 
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We  generally  observe,  when  the  door  of  a room  is  opened,  that  there 
are  two  distinct  currents  in  the  aperture,  which  may  be  rendered  evident 
by  holding  in  it  the  flame  of  a candle.  At  the  upper  part  it  is  blown 
outwards,  but  inwards  at  the  lower  part;  in  the  middle,  scarcely  any 
draught  of  air,  one  way  or  other,  is  perceptible. 

The  art  of  veniilaling  rooms  and  buildings  is,  in  a great  measure, 
dependent  upon  the  currents  which  we  are  enabled  to  produce  in  air  by 
changes  of  temperature,  and  is  a subject  of  considerable  importance.  As 
the  heated  air  and  effluvia  of  crowded  rooms  pass  upwards,  it  is  common 
to  leave  apertures  in  or  near  the  ceiling  for  their  escape.  Were  it  not, 
indeed,  for  such  contrivances,  the  upper  parts  of  theatres  and  of  some 
other  buildings  would  scarcely  be  endurable ; but  a mere  aperture,  though 
it  allows  the  foul  air  to  escape,  in  consequence  of  its  specific  lightness,  is 
also  apt  to  admit  a counter-current  of  denser  and  cold  air,  which  pours 
down  into  the  room ; and  this  almost  always  happens  where  there  is  no 
free  ingress  of  air  into  the  lower  part  of  the  apartment,  so  that  in  some 
cases  heated  air  will  ascend  by  one  half  of  the  aperture,  and  cold  air 
descend  by  the  other.  Such  an  effect  may  be  prevented  by  heating,  in 
any  convenient  way,  the  tube  or  flue  through  which  the  foul  air  escapes. 
A constantly  ascending  current  is  then  established;  and  whenever  cold 
air  attempts  to  descend,  the  heat  of  the  flue  rarefies  and  drives  it  upwards. 
Thus  the  different  ventilators  may  terminate  in  tubes  connected  with  a 
chimney;  or  they  may  unite  into  a common  trunk,  which  may  pass  over 
a furnace  purposely  for  heating  it ; or  heated  air  may  be  sent,  by  a flue 
from  below,  into  the  space  between  the  roof  and  ceiling  of  the  room  to  be 
ventilated,  and  it  may  have  free  escape  by  proper  apertures. 

In  some  of  our  theatres,  the  gas*chandelier  is  made  a very  effectual 
ventilator.  It  is  suspended  under  a large  funnel,  which  terminates  in  a 
cowl  outside  the  roof;  the  gas-burners  heat  the  air  considerably,  and 
cause  its  rapid  and  constant  ascent  through  the  funnel,  connected  with 
which  there  may  be  other  apertures  in  the  ceiling  of  the  building.  But 
in  these  and  similar  cases,  we  often  observe  that  the  vents  are  not  suffi- 
ciently capacious;  and  the  foul  air  from  the  house,  and  from  the  gas- 
burners  themselves,  not  being  able  readily  to  escape,  diffuses  itself  over 
the  upper  part  of  the  building,  and  renders  the  galleries  hot  and  suffocat- 
ing, all  which  is  easily  prevented  by  the  judicious  adjustment  of  the  size 
of  the  ventilating  channels  to  the  quantity  of  air  which  it  is  requisite 
should  freely  pass  through  them.  The  small  ventilators,  consisting  of  a 
rotating  wheel,  which  we  sometimes  see  in  window-panes,  are  perfectly 
useless,  though  it  is  often  imagined,  in  consequence  of  their  apparent 
activity,  that  they  must  be  very  effectual;  but  the  fact  is,  that  a trifling 
current  of  air  suffices  to  put  them  in  motion,  and  the  apertures  for  its 
escape  are  so  small  as  to  produce  no  effectual  change  in  the  air  of  the 
apartment : they  are  also  as  often  in  motion  by  the  ingress  as  by  the 
egress  of  air. 

From  what  has  been  said,  it  will  be  obvious  that  our  common  fires 
and  chimneys  are  powerful  ventilators,  though  their  good  services  in  this 
respect  are  often  overlooked.  As  soon  as  the  fire  is  lighted,  an  ascending 
current  of  air  is  established  in  the  chimney,  and  consequently  there  must 
be  a constant  ingress  of  fresh  air  to  supply  this  demand,  which  generally 
enters  the  room  through  the  crevices  of  the  doors,  windows,  and  floor. 
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When  these  are  too  tight,  tlie  chimney  smokes;  and  in  such  cases  it  is 
sometimes  necessary  to  make  an  aperture  in  some  convenient  part  of  the 
room  for  the  requisite  admission  of  air,  or  to  submit  to  sitting  with  a 
window  or  door  partly  open.  Any  imperfect  action  of  the  chimney,  or 
descending  current,  is  announced  by  the  escape  of  smoke  into  the  room, 
and  is  frequently  caused  by  the  flue  being  too  large,  or  not  sufliciently 
perpendicular  and  regular  in  its  construction.  When  there  is  no  fire,  the 
chimneys  also  generally  act  as  ventilators;  and  in  summer  there  is  often 
a powerful  current  up  them,  in  consequence  of  the  roof  and  chimney-pots 
being  heated  by  the  sun,  and  thus  accelerating  the  ascent  of  the  air. 

In  a well-constructed  house,  there  should  be  sufficient  apertures  for  the 
admission  of  the  requisite  quantity  of  air  into  the  respective  rooms,  with- 
out having  occasion  to  trust  to  its  accidental  ingress  through  every  crack 
and  crevice  that  will  allow  it  to  pass.  These  openings  may  either  be 
concealed,  or  made  ornamental,  and,  by  proper  management,  may  be  sub- 
servient to  the  admission  of  warm  air  in  winter.  A few  spare  flues 
should  also  be  provided,  independent  of  the  chimneys,  W'hich  may  be 
used  either  for  the  egress  or  ingress  of  air,  as  occasion  may  require.  Where 
there  is  no  other  provision  for  access  of  air,  it  often  happens  that  a cur- 
rent descends  by  one  chimney  to  ascend  by  another,  as  is  commonly 
observed  where  two  rooms  communicate,  and  where  a fire  in  one  of 
them  is  supplied  by  the  sooty  air  which  descends  the  chimney  of  the 
other.  These  cases  of  double  currents  may  be  strikingly  illustrated  as  fol- 
lows : — A is  a glass  jar  open  at  bottom  and  top,  and  standing  in  a dish  or 

plate,  which,  if  necessary,  may  contain  a 
little  water,  so  as  to  seal  the  lower  aper- 
ture : a glass  cylinder  b,  is  placed  upon 
the  upper  aperture  so  as  to  form  a kind  of 
chimney  in  which  a vertical  diaphragm  of 
glass  or  card  c,  is  so  placed  as  to  divide  it 
into  two  channels.  When  matters  are  thus 
ariTtuged,  a lighted  candle  placed  at  d,  will 
continue  to  burn,  the  foul  air  passing 
upwards,  and  fresh  air  downwards,  as 
shown  by  the  darts  on  either  side  of  the 
diaphragm.  But  if  the  diaphragm  be  re- 
moved, the  candle  will  presently  burn 
dimly  or  be  extinguished,  inasmuch  as 
the  distinct  ascending  and  descending 
currents  will  then  be  prevented;  and  in 
order  to  support  combustion,  it  will  be 
necessary  to  admit  air  from  below,  under 
the  edge  of  the  bell  glass.  The  direction 
of  the  currents  may  be  shown  by  holding 
a piece  of  smoking  paper,  or  the  glowing 
wick  of  a green  wax  taper  over  the 
respective  sides  of  the  chimney. 

The  manner  in  which  heat  is  distri- 
buted through  our  apartments  by  the  fires 
in  common  use,  will  be  noticed  afterwards ; but  large  rooms  are  not  un- 
commonly warmed  by  heated  air,  admitted  usually  through  apertures  in 
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the  floor.  This  system  is  convenient,  effective,  and  agreeable,  when  pro- 
perly managed,  hut  this  is  seldom  the  case.  The  rooms  are  close  and 
oppressive,  because  due  veniilatioii  is  not  associated  with  the  admission 
of  the  hot  air;  the  apertures  by  which  the  air  is  admitted  are  generally 
too  small,  and  the  air  itself  overheated  : the  openings  should  be,  accord- 
ing to  circumstances,  either  large,  or  very  numerous,  and  the  quantity  of 
air  thrown  in  should  he  considerable,  but  its  temperature  moderate.  In 
this  way  the  bad  smell  produced  by  burnt  particles  of  dust  is  avoided,  and 
an  agreeable  freshness,  as  well  as  temperature,  kept  up  in  the  air. 

§ 5.  Of  Tim  Determination  of  Specific  Gravities. 

From  the  changes  of  bulk  which  bodies  sustain  when  they  change 
their  temperature,  it  is  obvious  that  their  relative  densities  or  specific 
gravities  will  be  liable  to  proportionate  changes;  hence  chemists  are  in 
tlie  habit  of  referring  these  to  the  mean  temperature  of  55°  or  60°,  and  as 
the  bulk  of  aeriform  bodies  is  also  subject  to  change  by  increased  or 
diminished  pressure,  their  densities  are  compared  not  only  at  mean  tem- 
perature, but  also  at  mean  barometrical  pressure. 

By  the  term  specific  gravity,  we  mean  the  ratio  of  weight  to  hulk;  the 
object,  therefore,  of  the  processes  for  ascertaining  it,  is  either  to  determine 
the  weight  qfi  a known  bulk,  or  the  bulk  of  a known  weight ; for  whether 
the  substances  be  reduced  to  the  same  weight,  and  then  measured,  or  to 
the  same  bulk,  and  then  weighed,  the  ratio  of  their  weights  to  their  bulks 
rvill  be  discovered.  If  reduced  to  tbe  same  bulk,  and  weighed,  their 
specific  gravities  will  be  directly  as  the  weights;  if  reduced  to  the  same 
weight  and  measured,  their  specific  gravities  will  be  inversely  as  their 
bulks.  Suppose  a like  bulk  of  each  kind  of  matter  in  nature  to  be 
w^eighed,  the  results,  numerically  stated,  would  represent  their  specific 
gravities.  But  as  this  would  be  inconvenient,  and  often  impossible, 
another  method  of  reducing  their  bulks  to  a common  measure  is  resorted 
to  ; and,  in  the  case  of  solids  and  liquids,  pure  wmter  is  assumed  as  the 
unit  to  which  their  specific  gravities  are  compared.  On  dividing  the 
weight,  for  instance,  of  any  bulk  of  the  metal  zinc  by  the  weight  of  a like 
bulk  of  water,  the  quotient  is  7 ; this,  therefore,  is  said  to  be  the  specific 
gravity  of  zinc.  Proceeding  in  the  same  way  with  silver,  the  quotient  is 
10‘47;  with  gold,  19'3  ; potassium,  0 86;  with  sulphuric  acid,  1*84; 
Avith  alcohol,  0*80:  hence  these  numbers  are  considered  as  representing 
the  specific  gravities  of  those  bodies;  that  is,  they  are  their  relative 
Aveights  to  Avater,  all  being  of  the  same  temperature.  To  obtain  the  spe- 
cific gravity,  therefore,  of  a body,  Ave  divide  its  Aveight  by  the  Aveight  of  a 
quantity  of  pure  AATiter  equal  to  it  in  bulk,  and  this  Ave  determine  as 
follows : — 

AV  e use  a delicate  balance*,  so  contrived  as  to  admit  of  substances 


* Balances  fitted  up  for  the  purpose  of 
ascertaining  specific  gravities  are  sold  by 
the  philosophical  instrument  makers : in 
regard  to  their  use,  and  the  precautions 
requisite  in  the  various  steps  of  the  pro- 
cess, see  Faradav^’s  Manipulation^  § II. 

“ Eqi^ality  in  the  length  of  the  arms  of 
the  lever  is,  of  course,  the  most  important 
consideration  in  the  construction  of  the 


balance;  but  when  there  may  be  any  reason 
to  doubt  this  essential  point,  it  is  well  to 
know  that  any  error  may  be  avoided  by  the 
method  of  double  weighing.  This  consists 
in  placing  the  object  whose  weight  is  to  be 
ascertained  in  one  scale-pan  and  exactly 
counterbalancing  it  in  the  other,  not  with 
the  weights,  but  with  sand  or  shot,  or  any 
other  indifferent  substance.  The  substance 
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being  attached  to  one  of  the  scales  by  means  of  a horse-hair  or  a fine 
thread  of  silk.  The  absolute  weight  of  the  body  thus  suspended  is  then 
carefully  ascertained : it  is  next  immersed  in  distilled  water,  of  the 
temperature  of  60°  ; and  the  beam  being  again  brought  to  an  equilibrium, 
we  learn  the  weight  lost  by  its  immersion;  or,  in  other  words,  we  ascer- 
tain the  weight  of  its  bulk  of  pure  water.  We  now  divide  the  sum  of  its 
absolute  weight  by  that  of  the  weight  which  it  lost  in  water,  and  the 
quotient  is  its  specific  weighty  or  gravity,  compared  with  water  of  the 
temperature  of  60°. 

Suppose  a substance  weighing  360  grains,  to  lose  60  by  immersion  in 
water,  the  specific  gravity  of  that  substance  will  be  — 6 ; for  360  -h  60  rr:  6. 

When  the  substance,  whose  specific  gravity  is  to  be  ascertained,  is 
lighter  than  water,  it  may  be  suspended  with  some  heavier  body,  and, 
having  determined  the  weight  of  the  former  in  air,  and  of  the  latter  in 
Avater,  we  fasten  them  together  by  means  of  a fine  thread  (not  so  closely 
as  to  exclude  water  from  their  contiguous  surfaces,  or  to  include  air- 
bubbles),  and  weigh  them  in  water,  Avhen  it  will  be  found  that  their 
aggregate  weight  Avill  fall  short  of  that  of  the  heavier  body.  If  Ave  noAV 
subtract  the  weight  of  the  lighter  body  from  that  of  the  heavier  body,  and 
add  the  remainder  to  the  weight  of  the  former  in  air,  Ave  obtain  the 
Aveight  of  a quantity  of  water  equal  in  bulk  to  the  lighter  body ; Ave  then 
divide  the  Aveight  of  the  lighter  body  in  air  by  this  last-mentioned  sum, 
and  the  quotient  is  its  specific  gravity. 

“ A piece  of  elm  Avood,  having  been  varnished  over  to  prevent  its 
absorbing  Avater,  was  found  to  Aveigh  920  grains  in  air;  a piece  of  lead, 
chosen  as  the  ballast,  was  ascertained  to  AA^eigh  91 1*7  grains  in  water; 
the  elm  and  lead  Avere  then  tied  together,  and  Avere  found  to  Aveigh,  in 
water^  only  331*7  grains,  being  580  grains  less  than  the  Aveight  of  the 
lead  alone;  therefore  580  were  added  to  920,  that  is,  to  the  Aveight  of  the 
elm  in  air,  which  made  up  the  sum  of  1500:  lastly,  920  AA^ere  divided 
decimally  by  1500,  and  the  quotient  *6133,  gave  the  specific  gravity 
required.” — (Paris,  Med.  Chem.  9.) 

When  the  substance,  Avhose  specific  gravity  is  required,  is  soluble  in 
Avater,  some  other  fluid,  of  knoAvn  specific  gravity,  must  be  used,  Avhich 
does  not  act  upon  it;  alcohol,  oil  of  turpentine,  or  olive  oil,  may,  in  most 
instances,  be  used,  or  in  some  cases  the  substance  may  be  coated  Avith 
varnish.  The  following  is  an  illustration  of  this  mode  of  Aveighing. 
Supposing  the  density  of  crystallized  sugar  to  be  required,  and  the  fluid 
selected  to  be  oil  of  turpentine  of  the  specific  gravity  of  0*875 
sugar  is  first  weighed  in  air,  and  then  in  the  oil ; the  difference  giA^es  the 
Aveight  of  an  equal  bulk  of  the  oil ; then,  if  the  Aveight  of  the  sugar  in 
air  be  400  grains,  and  its  weight  in  oil  of  turpentine  182*5,  the  Aveight  of 
an  equal  bulk  of  the  oil  Avill  be  400  — 182*5  = 217’5.  Then  0 87- 
100  ! i 217*5  : 250,  and  400  250=1*6,  Avhich  is  the  specific  gravity  of 


is  then  removed,  and  the  weights  applied 
in  the  same  pan  till  the  counterpoise  is 
balanced.  By  this  contrivance  the  un- 
known quantity  of  matter  is  compared 
with  the  known,  under  exactly  equal  cir- 
cumstances, and  the  result  is  independent 
of  almost  every  source  of  error  which  can 


affect  the  comparison.  An  object  may  also 
be  correctly  weighed  in  an  incorrect  ba- 
lance, by  changing  the  object  and  the 
weights  from  one  pan  to  the  other;  the 
mean  of  the  two  weighings  may  be  mathe- 
matically proved  to  becorrect.’’ — Daniell, 
§ 32. 
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tlie  sugar.  When  the  substance  is  in  small  pieces  or  powder^  it  may 
generally  he  weighed  in  the  specific-gravity  bottle  used  for  liquids. 

For  ascertaining  the  specific  gravity  of  liquids^  we  may  employ  a thin 
phial,  holding  1000  grains  of  distilled  water,  at  the  temperature  of 
00°.  If  filled  with  any  other  liquid,  and  weighed,  we  learn  its  specific 
gravity;  thus  we  should  find  that  it  would  contain  13*500  grains  of 
mercury;  1845  grains  of  sulphuric  acid;  1420  grains  of  nitric  acid,  &c., 
which  numbers  of  course  represent  the  specific  gravities  of  those  liquids. 

A bottle,  however,  holding  1000  grains,  is  often  inconveniently  large, 
and  a small  and  thin  globular  phial,  with  a piece  of  thermometer-tube 
ground  into  it  by  way  of  stopper,  will  be  found  more  useful : such  a phial 
should  not  weigh  more  than  from  50  to  60  grains,  and  may  contain 
between  400  and  500  grains  of  water.  To  use  it,  it  should  be  accurately 
counterbalanced  in  a delicate  pair  of  scales,  and  then  filled  with  distilled 
water,  and  the  stopper  thrust  in,  the  capillary  opening  in  which  allows  a 
little  to  ooze  out,  and  prevents  the  likelihood  of  bursting  the  phial;  it  is 
then  to  be  wiped  clean  and  diy,  and  again  carefully  weighed,  by  which 
the  quantity  of  water  it  contains  is  ascertained ; the  water  being  poured 
out,  it  is  next  filled  with  the  liquid  whose  specific  gravity  is  required, 
taking  care  that  it  is  of  the  same  temperature  as  the  water;  we  then 
weigh  as  before,  and  divide  the  weight  of  the  liquid  by  the  former  weight 
of  water ; the  product  gives  the  specific  gravity  required.  Thus,  suppose 
the  phial  to  contain  425  grains  of  water  at  the  temperature  of  60°,  it  will 
be  found  to  hold  5737*5  grains  of  pure  mercury  of  the  same  temperature; 
and  5737*5  H-  425  — 13*5,  the  specific  gravity  of  mercury.  Or,  supposing 
the  liquid  lighter  than  water,  such  as  spirit  of  wine,  of  which  we  may 
assume  the  phial  to  contain  350*5 ; then  350*5  -j-  425  = 0*824,  the 
specific  gravity  of  the  spirit  under  trial. 

Another  mode  of  determining  the  density  of  a fluid  is  founded  on  the 
above  stated  fact  of  a solid  displacing  its  own  bulk  of  liquid:  take  a glass 
bulb  the  loss  of  weight  of  w^hich  when  immersed  in  water  is  known,  and, 
weighing  it  in  any  other  fluid,  again  ascertain  its  loss:  this  latter  divided 
by  its  loss  in  water  will  be  the  required  specific  gravity.  Supposing,  for 
instance,  that  the  bulb  lost  30  grains  in  water  and  24  grains  when 
weighed  in  alcohol,  then  24  30  rr  0*800,  the  specific  gravity  of  the 

alcohol,  for  30  : 1000  ! ! 24  : 800. 

We  also,  in  determining  the  specific  gravity  of  fluids,  frequently 
employ  the  hydrometer^  an  instrument  constructed  upon  the  principle  that 
solids  of  a given  weight  sink  deeper  in  light  than  in  heavy  fluids;  it 
cannot,  however,  be  resorted  to  where  great  accuracy  is  required,  but 
where  a number  of  specific  gravities  are  to  be  quickly  determined,  as  in 
respect  to  spirituous  liquors  for  the  purpose  of  levying  duties,  or  in  cer- 
tain processes  of  the  arts,  these  instruments,  from  the  facility  of  their 
application,  become  indispensable.  (See  Alcohol,) 

The  determination  of  the  specific  gravity  of  air^  and  of  difierent  gases 
and  vapors^  will  he  described  under  the  article  Atrnospheric  Air,  as  it 
involves  several  circumstances  not  yet  adverted  to. 

§ 6.  Thermometers  and  Pyrometers. 

Having  stated  some  of  the  general  effects  of  contraction  and  expan- 
sion, we  may  now  proceed  to  the  examination  of  the  thermometer — an 
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instrument  of  considerable  importance  in  researches  connected  with  the 
subject  of  heat.  As  ordinarily  constructed,  it  is  in  fact  a very  delicate 
' fluid  measure,  capable  of  indicating  with  great  accuracy  the  bulk  of  the 
included  liquid. 

The  first  instrument  to  which  the  term  thermometer  (from 
6epjjbo<^,  heat^  and  /jL7]Tpov,  a measure)  can  properly  be  applied, 
was  apparently  invented  by  the  Florentine  Academicians, 
about  the  middle  of  the  seventeenth  century.  It  consisted  of 
a glass  tube,  with  a bulb  or  ball  blown  at  one  extremity  (fig. 
70),  and  filled  up  to  a certain  mark,  with  spirit  of  wine;  the 
expansion  of  which,  or  its  rise  above  the  mark,  indicated  heat, 
and  its  contraction^  or  fall  below  the  mark,  cold.  They  after- 
wards placed  a number  of  equidistant  studs  of  white  enamel 
on  the  tube,  rendering  the  expansions  and  contractions  of  the 
confined  liquid  more  evident;  and  by  these  they  sometimes 
divided  it  into  a hundred  parts  or  degrees.  Such  instruments 
were  first  introduced  into  England  by  Boyle.  For  a long 
time,  no  one  would  believe  that  a liquid  could  contract  and 
expand  in  a tube  closed  at  both  ends;  but  Boyle  soon  satisfied 
himself  of  the  fact  by  experiment,  and  by  the  inspection  of  the  Florentine 
glasses.,  for  so  these  instruments  were  then  called. 

About  the  beginning  of  the  eighteenth  century  a considerable  improve- 
ment was  made  in  this  original  thermometer,  by  Fahrenheit,  of  Amster- 
dam, who,  by  the  use  of  mercury  instead  of  alcohol,  was  enabled  greatly 
to  diminish  the  size  of  the  tube  and  bulb,  and  to  measure  comparatively 
high  degrees  of  temperature. 

But  these  instruments  laboured  under  the  serious  defect  of  entire 
want  of  agreement  with  each  other:  the  division  of  the  tube  was  founded 
on  no  fixed  principle,  but  was  arbitrary,  and  differently  constructed  and 
applied  in  every  thermometer.  It  required  no  common  ingenuity  to 
overcome  this  difficulty,  and  to  construct  instruments  which  should  agree 
with  each  other  when  exposed  to  the  same  temperature.  This,  however, 
was  at  length  effected  by  a suggestion  of  Newton,  founded  upon  a disco- 
very of  Hooke,  who  observed,  that  when  a thermometer- tube,  properly 
filled  with  mercury,  was  plunged  into  melting  ice  or  snow,  the  liquid 
metal  always  contracted,  or  fell  to  a certain  point,  at  which  it  remained 
perfectly  stationary  till  all  the  ice  Avas  melted.  If  Ave  noAv  mark  this 
point  upon  the  tube,  it  Avill  be  found  that,  Avhenever  it  is  subjected  to  the 
same  experiment,  the  quicksilver  falls  exactly  to  the  same  level  or  point, 
and  hence  this  point  may  be  called  the  melting-jwint  of  ice;  and  it  has 
since  been  ascertained  that  this  is  also  precisely  the  point  at  Avhich  Avater, 
under  ordinary  circumstances,  freezes,  so  that  it  is  also  called  the 
freezing-point  of  water.  Here,  then,  a part  at  least  of  the  difficulty  above 
adverted  to  is  removed,  and  one  fixed  point  for  thermometric  graduation 
ascertained. 

Dr.  Flooke  afterwards  made  a similar  discovery  in  regard  to  boiling 
water,  which,  under  ordinary  circumstances,  he  found  always  exhibited 
one  and  the  same  degree  of  heat.  If,  therefore,  we  noAV  plunge  the  ther- 
mometer, upon  which  the  freezing-point  of  water  has  already  been  marked, 
into  an  open  vessel  of  Avater  placed  upon  the  fire  or  over  a lamp,  AA'e  shall 
observe  the  mercury  continue  to  rise  in  the  tube  until  the  AA^ater  boils, 
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when  it  becomes  quite  stationary,  and  the  point  may  be  marked  as  before. 
Now  it  will  be  found,  that  whenever  this  thermometer  is  put  into  boiling 
water,  the  mercury  will  rise  to  the  same  height^.  Here,  then,  we  have  a 
second  determinate  point,  namely,  the  boiling-point  of  water ; and  it  is 
now  obvious,  that  if  we  divide  the  space  of  the  tube  between  these  two 
fixed  points  into  any  given  number  of  degrees,  the  mercury  will  indicate 
the  same  degree  in  all  bodies  of  one  and  the  same  temperature;  and  that 
any  number  of  thermometers,  carefully  constructed  upon  this  principle, 
will  agree  with  each  other  in  their  indications  of  temperature. 

The  space  between  the  boiling  and  freezing  of  water  has  often  been 
divided  into  one  hundred  equal  parts — the  freezing-point  being  marked  0°, 
and  the  boiling-point  lOO'^.  This  is  commonly  called  the  centigrade 
scale ; it  originated  with  Celsius  in  Sweden,  and  is  used  in  France  and 
many  other  parts  of  Europe.  Heaumiir  s scale  calls  the  freezing-point  0°, 
and  the  boiling-point  80°,  and  is  employed  in  most  parts  of  Germany 
and  Italy.  In  this  country  we  generally  use  Fahrenheit' s scale^  which 
sets  out  at  the  temperature  produced  by  mixing  snow  with  salt,  which  is 
32°  below  the  freezing  of  water;  and  the  space  between  that  and  the 
boiling-point  being  divided  into  180°,  the  latter  is  called  212'^.  In  all 
these  scales,  the  graduation  is  continued  below  0°  in  the  same  way  as 
above  it.  These  are  called  degrees  below  0°,  and  are  generally  distin- 
guished by  prefixing  the  mark  — 7ninns  before  them:  thus  — 10°  means 
ten  degrees  below  0°;  sometimes  the  mark  (-f)  plus  is  prefixed  to  the 
degrees  above  zero,  as  -f  10°,  or  ten  degrees  above  0°t. 


* Some  circumstances,  afterwards  to  be 
noticed,  affect  the  boiling-point,  such  as  the 
state  of  the  barometer  or  of  the  pressure 
of  the  atmosphere,  and  the  nature  of  the 
vessel  in  which  the  experiment  is  made. 
We  presume  above  that  the  barometer 
stands  at  thirty  inches,  and  that  the  vessel 
is  of  thin  and  clean  metal, 

f The  following  is  an  abridged  account 
of  the  mode  of  constructing  a thermometer, 
as  described  by  Graham  (^Elements  of 
Chem.,  p.  13): — A tube  is  selected,  the 
bore  of  which  may  be  of  any  convenient 
size,  but  must  be  uniform;  this  is  ascer- 
tained by  drawing  up  a little  mercury  into 
it,  and  progressively  propelling  it  along  the 
tube,  measuring  it  as  it  proceeds,  so  as  to 
determine  that  it  occupies  the  same  length 
throughout : one  extremity  of  the  tube  is 
then  blown  into  a bulb,  not  by  the  mouth, 
but  by  air  propelled  from  a caoutchouc 
bag,  so  as  to  avoid  the  introduction  of 
moisture : the  intended  length  of  the 
thermometer  is  then  marked  off,  and 
above  that  point  a second  bulb  is 
blown,  as  represented  in  the  figure. 

The  open  end  of  the  tube  is  then 
plunged  into  pure  and  well  boiled 
mercury,  and  one  of  the  bulbs  heated 
so  as  to  expel  the  air ; as  it  cools  the 
mercury  rises  into  the  ball  a,  and  by 
turning  the  instrument  and  heating 
the  bulb  B the  mercury  passes  into 


that  bulb  as  it  cools:  when  this  is  full,  and 
a portion  left  in  a , the  tube  is  suspended 
by  a wire  over  a charcoal  fire,  so  as  to  boil 
the  mercury,  by  the  vapour  of  which  all 
moisture  and  air  are  expelled:  the  open  end 
of  the  tube,  which  must  not  be  too  hot,  is 
then  touched  with  sealing-wax  so  as  to 
close  it,  and  the  thermometer  removed 
from  the  fire  and  held  with  the  sealed  end 
upward,  so  that  during  cooling  the  bulb  b, 
and  a portion  of  the  tube,  may  be  filled 
with  mercury.  After  cooling  the  instru- 
ment is  inclined  a little,  and,  by  warming 
the  lower  ball,  a portion  of  mercury  is  ex- 
pelled from  it,  so  that  it  may  stand  at  a 
proper  height  when  the  insti’ument  is  cold. 
The  tube  is  then  carefully  melted  in  the 
blow-pipe  flame  below  the  ball  a,  so  as  to 
seal  it  as  in  c.  (For  some  details  upon  the 
subject  of  graduation,  when  extreme  accu- 
racy is  required,  see  Ann.  Qh.  et  Ph.,  v. 
428,  3rd  Ser.,  note.) 
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Each  degree  of  Fahrenheit’s  scale  is  equal  to 
four-ninths  of  a degree  on  Reaumur’s : if,  therefore, 
the  number  of  degrees  of  Fahrenheit’s  scale,  above 
or  below  the  freezing  of  water,  be  multiplied  by  4, 
and  divided  by ’9,  the  quotient  will  be  the  corre- 
sponding degree  of  Reaumur. 

Fahrenheit.  Reaumur. 

68°  - 32°  = 36  X 4 = 144  -f-  9 = 16° 

212°  - 32°  = 180  X 4 = 720  -f-  9 = 80° 

To  reduce  the  degrees  of  Reaumur  to  those  of  Fahren- 
heit, they  are  to  be  multiplied  by  9,  and  divided  by  4. 

Reaumur.  Fahrenheit. 

16°  X 9 = 144  ~ 4 = 36°  + 32°  = 68° 

80°  X 9 = 720  4 = 180°  -h  32°  =212° 

Every  degree  of  Fahrenheit  is  equal  to  five-ninths 
of  a degree  on  the  Centigrade  scale;  the  reduction, 
therefore,  is  as  follows'^: 

Fahrenheit.  Centigrade. 

212°  - 32  = 180  X 5 = 900  -f-  9 =100° 

Centigrade.  Fahrenheit. 

100  X 9 = 900  -F  5 = 180  -f  32  = 212° 

The  annexed  scale,  (including  De  Lisle’s  thermo- 
meter, which  is  sometimes  used  in  Russia,  and  in 
which  the  boiling-point  is  marked  0%  and  the  freezing 
150°)  shews  the  relation  which  the  degrees  bear  to 
each  other,  and’ the  table  on  the  opposite  page,  of 
Fahrenheit’s  degrees  compared  with  those  of  the 
Centigrade  and  Reaumur’s  scale,  will  save  the 
trouble  of  calculation. 

It  is  to  be  regretted  that  these  discrepant  thermo- 
metric scales  are  retained;  the  Centigrade  or  Celsius’ 
scale  is  perhaps  that  which  it  would  be  most  conve- 
nient generally  to  adopt.  To  avoid  the  inconvenience 
of  the  magnitude  of  its  degrees,  and  the  consequent 
necessity  of  frequent  reference  to  their  fractional 
parts,  a scale  has  been  proposed,  the  extremes  of 
which  are  the  freezing  and  boiling-points  of  mercury, 
the  former  to  be  0°,  the  latter  1000°.  The  entire 
novelty  of  such  a scale  is  its  principal  objection. 

For  all  common  purposes  ordinary  thermometers 
are  sufficiently  accurate;  but  the  experimental  labo- 
ratory should  be  furnished  with  a standard  ther- 
mometer^ very  carefully  constructed,  and  with  a scale 
exhibiting  the  divisions  of  Reaumur,  Fahrenheit, 
and  Celsius.  Such  an  instrument  of  reference  is  useful  to  determine  the 
quality  of  common  thermometers,  no  two  of  which  will  be  found  precisely 
to  agree  at  the  different  points  of  the  scale. 

It  sometimes  happens  that  a thermometer  originally  correct  will  after 
a time  be  found  to  err  slightly  in  excess  in  its  indications  of  temperature, 
an  effect  probably  arising  from  the  continued  pressure  of  the  atmosphere 
upon  the  bulb,  by  which  its  bulk  is  permanently  diminished:  this  may. 
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Fall. 

Reaum. 

Cent. 

Fall. 

Reaum. 
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84-8 

8M 

114 

38-4 

45*5 

177 

84 -4 

80-5 

113 

36 

45 

178 

84 

80 

112 

35-5 

44-4 

175 

83*5 

79-4 

111 

35'1 

43  8 

174 

83-1 

78-8 

110 

34*6 

43-3 

173 

82  *6 

78-3 

100 

34-2 

427 

172 

62-2 

77-7 

108 

337 

42-2 

171 

61-7 

77-2 

107 

33-3 

41-6 

170 

61-3 

78-6 

106 

32-8 

41-1 

160 

60-8 

76*1 

105 

32-4 

40-5 

188 

60-4 

75-5 

104 

32 

40 

187 

80 

75 

103 

31-5 

39-4 

166 

50-5 

74*4 

102 

311 

38-8 

165 

50-1 

73-8 

101 

30-6 

38-3 

184 

58-8 

73-3 

100 

30-2 

377 

183 

58-2 

72-7 

90 

297 

37-2 

162 

57-7 

72-2 

98 

29-3 

36-6 

181 

57*3 

71-0 

97 

28-8 

36*1 

180 

58-8 

7M 

96 

28-4 

35-5 

150 

58-4 

70-5 

05 

28 

35 

158 

58 

70 

94 

27-5 

34-4 

157 

55-5 

89-4 

93 

271 

33-8 

158 

55-1 

88-8 

02 

28-8 

33-3 

155 

54-6 

88-3 

91 

26-2 

32  7 

154 

54-2 

67-7 

90 

257 

32  2 

153 

53-7 

87-2 

80 

25-3 

31-6 

152 

53-3 

88-8 

88 

24 ’8 

31-1 

151 

52-8 

88*1 

67 

24-4 

30-5 

1 50 

52-4 

85-5 

88 

24 

30 

140 

52 

85 

85 

23-5 

29-4 

Fall 

. Reaum.  Cent. 

Fall. 

Reaum 

. Cent. 

84 

23*1 

28  8 

20 

-5-3 

-6-0 

83 

22-6 

28-3 

19 

-57 

-7*2 

82 

22-2 

277 

18 

-6-2 

-77 

81 

217 

27  2 

17 

- 6-6 

-8-3 

80 

21-3 

26-6 

18 

-71 

-8-8 

79 

20-8 

26-1 

15 

-7-5 

-9-5 

78 

20-4 

25-5 

14 

-8 

-10 

77 

20 

25 

13 

-8-4 

-10-5 

76 

19-5 

24-4 

12 

-8-8 

-11*6 

75 

19-1 

23-8 

11 

-9*3 

-IM 

74 

18-6 

23  3 

10 

-97 

— 12'2 

73 

18-2 

227 

9 

- 10-2 

- 12  7 

72 

177 

22-2 

8 

- 10-6 

-13*3 

71 

17-3 

21-6 

7 

-11*1 

-13  8 

70 

16-8 

21-1 

6 

-11  5 

-14*4 

80 

16-4 

20-5 

5 

-12 

- 15 

88 

16 

20 

4 ' 

-12-4 

-15-5 

87 

15*5 

19-4 

3 

-12-8 

-10-1 

66 

15-1 

18‘8 

2 ■ 

-13-3 

- 16-6 

65 

14-6 

18*3 

1 

-137 

-17-2 

64 

14*2 

17’7 

0 

- 14-2 

-17*7 

63 

137 

17-2 

-1 

-14-6 

-18*3 

62 

13-3 

10-6 

-2 

-15*1 

-18-8 

61 

12-8 

161 

-3 

-15  5 

-19-4 

60 

12-4 

15'5 

-4 

-16 

-20 

59 

12 

15 

-5 

-16*4 

-20-5 

58 

11*5 

14-4 

-6 

- 16-8 

-21-1 

57 

11*1 

13-8 

-7  ■ 

-17-3 

-21-6 

56 

10-6 

13-3 

-8 

-17*7 

-22-2 

55 

10*2 

127 

-9 

-18-2 

-227 

54 

07 

12-2 

-10 

-18-8 

-23-3 

53 

9 3 

11-6 

-11 

- 19-1 

-23*8 

52 

8-8 

11-1 

-12 

-19*5 

-24-4 

51 

8-4 

10-5 

-13  ■ 

-20 

-25 

50 

8 

10 

-14 

-20*4 

-25-5 

49 

7*5 

9-4 

-15 

-20-8 

-26-1 

48 

7-1 

8-8 

-16 

-21-3 

-26-6 

47 

6-6 

8-3 

-17  ■ 

-217 

-27*2 

46 

6-2 

7-7 

-18 

-22-2 

-277 

45 

57 

7-2 

-19 

-22*6 

-28*3 

44 

5-3 

6-6 

-20 

-23*1 

-28*8 

43 

4-8 

61 

-21 

-23-5 

-29*4 

42 

4-4 

5 5 

-22  ■ 

-24 

-30 

41 

4 

5 

-23 

-24-4 

-30-5 

40 

3’5 

4-4 

-24 

-24-8 

-3M 

30 

3-1 

3-8 

-25  ■ 

-25-3 

-31-6 

38 

2-6 

3-3 

-26 

-257 

-32*2 

37 

2*2 

27 

-27  ■ 

-26  2 

-327 

36 

17 

2-2 

-28  - 

-26 '6 

-33*3 

35 

1-3 

1-6 

-29  - 

-27-1 

-33*8 

34 

0-8 

1-1 

-30  ■ 

-27-5 

-34*4 

33 

0-4 

1*5 

-31  ■ 

-28 

-35 

32 

0 

1- 

-32  - 

-28 '4 

-35*5 

31 

-0  4 

-1*1 

-33  - 

-28-8 

-361 

30 

-0-8 

-1-5 

-34  - 

-29-3 

-36  6 

29 

-0-3 

-1-6 

-35  - 

-297 

-37  2 

28 

-1-7 

-2  2 

-36  - 

-30*2 

-377 

27 

-2-2 

—27 

-37  - 

-30-8 

-38-3 

26 

-2-6 

-3-3 

-38  - 

-3M 

-38*8 

25 

-3-1 

-3-8 

-39  - 

-31-5 

-30-4 

24 

-3-5 

-4-4 

-40  - 

-32 

-40 

23 

-4 

-5 

22 

-4-4 

— 5 '5 

21 

-4-8 

~6-l 
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however,  be  prevented  by  giving  the  bulb  a . certain  degree  of  thickness, 
although  the  sensibility  of  the  instrument  to  sudden  changes  of  tempera- 
ture is  by  this  somewhat  impaired. 

It  has  been  shown  by  Regnault  that  two  thermometers  which  corres- 
pond at  32°,  and  even  at  212°,  do  not  correspond  at  much  higher  tempe- 
ratures, unless  made  of  the  same  kind  of  glass  {Ami.  Ch.  et  PJi..,  3'^^Seiie, 
iv.) ; and  the  same  cause  slightly  affects  the  correspondence  of  the  dissi- 
milar thermometers  at  lower  temperatures.  (Pierre,  Ann.  Ch.  et  Pk. 

Ser.  V.  427.) 

The  advantages  of  mercury  as  a thermometric  fluid  have  already  been 
adverted  to;  its  rate  of  expansion  at  different  temperatures  being  more 
nearly  equable  than  that  of  other  liquids:  thus  Dulong  and  Petit  found 
that  from  1°  to  100°  Centigrade  (32°  to  212°  Eahr.)  it  expanded  1 
measure  on  55*5;  from  100°  to  200°  (212°  to  392°  Eahr.),  1 measure  on 
54*25;  and  from  200°  to  300°  (392°  to  572°),  1 measure  on  53.  But 
as  glass  expands  in  a more  rapidly  increasing  ratio  than  mercury,  its 
greater  expansion  at  the  high  points  of  the  scale  is  corrected  by  the 
increasing  capacity  of  the  glass  bulb. 

There  are  numerous  and  useful  varieties  in  the  J'oi'ms  of  thermome- 
ters, which  need  not  be  here  enumerated  in  detail.  Among  them  the 
self-registering  thermometers  are  valuable,  as  showing  the  maximum  and 
minimum  of  temperature  during  the  absence  of  the  observer.  Many  of 
these  instruments  which  have  been  suggested,  are  too  complicated  or  too 
expensive  to  he  generally  useful ; but  there  are  two  of  them  which  are 
sufficiently  simple,  and  in  common  use,  namely.  Six’s  thermometer  {Phil. 
Trans.^  vol.  Lxxii.);  and  that  contrived  by  Dr.  Rutherford  [Edinb.  Phil. 
Trans..,  vol.  iii.) 

That  the  degrees  of  the  thermometer  actually  represent  equal  degrees 
or  increments  of  heat,  is  shown  by  a simple  experiment  originally  sug- 
gested by  Dr.  Brook  Taylor.  It  consisted  in  mixing  together,  with  due 
precaution,  equal  parts  of  hot  and  cold  water;  and  it  was  found  that 
the  thermometer,  applied  to  such  a mixture,  indicated  the  arithmetical 
mean  between  the  extremes.  Thus,  if  we  mix  a pound  of  water  at  the 
temperature  of  200°  with  a pound  at  the  temperature  of  100°,  an  accurate 
thermometer  will  show  in  the  mixture  the  mean  temperature  of  150°. 

Pyrometers.  The  indications  of  the  mercurial  thermometer  are 
obviously  limited  within  the  freezing  and  boiling-points  of  mercury.  It 
congeals  at  — 39°,  and  boils  at  -h  662°;  and  on  the  moment  of  its  con- 
gelation it  shrinks  so  remarkably,  as  to  have  led  early  experimentalists 
into  considerable  errors  as  to  the  actual  cold  required  for  the  purpose. 
When  it  boils,  its  vapour,  of  course,  bursts  the  tube.  Although,  there- 
fore, the  range  of  temperature  which  may  be  accurately  measured  by  the 
expansion  and  contraction  of  mercury  is  very  extensive,  it  is  often  requi- 
site to  measure  degrees  of  cold  below  its  freezing-point,  and  of  heat  above 
its  boiling-point.  Pure  spirit  of  wine,  or  alcohol,  has  never  been  frozen, 
and  it  is  consequently  used  in  those  thermometers  which  are  intended  to 
indicate  excessive  degrees  of  cold ; but  no  fluid  has  yet  been  found  ap- 
plicable to  the  construction  of  a thermometer  capable  of  indicating  higher 
temperatures  than  the  boiling-point  of  mercury.  When,  therefore,  a degree 
of  heat  approaching  to,  or  exceeding  dull  redness,  is  to  be  measured, 
other  methods  and  substances  must  be  resorted  to:  instruments  constructed 
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for  this  purpose  are  called  pyrometers^  from  TTvp^  tirid  fierpov,  a 
measure. 

Of  these  instruments,  that  of  Daniell  is  the  least  exceptionable,  and 
is  not  liable  to  those  sources  of  fallacy  which  render  the  results  obtained 
by  Wedgwood' s clay  pyrometer  so  uncertain  and  equivocal^.  The  fol- 
lowing is  Mr.  Daniell’s  description  of  his  Register  pyrometer . (l?itrod. 
to  Chem.  Rhil..,  § 146.) 

It  consists  of  two  parts,  which  may  be  distinguished  as  the 
register  and  the  scale.  The  register  is  a solid  bar  of  black-lead  earthen- 
ware, highly  baked.  In  this  a hole  is  drilled,  into  which  a bar  of  any 
metal,  six  inches  long,  may  be  dropped,  and  which  will  then  rest  upon 
its  solid  end.  A cylindrical  piece  of  porcelain,  called  the  index,  is  then 
placed  upon  the  top  of  the  bar,  and  confined  in  its  place  by  a ring  or 
strap  of  platinum  passing  round  the  top  of  the  register,  which  is  partly 
cut  away  at  the  top,  and  tightened  by  a wedge  of  porcelain.  When  such 
an  arrangement  is  exposed  to  a high  temperature,  it  is  obvious  that  the 
expansion  of  the  metallic  bar  wdll  force  the  Index  forward  to  the  amount 
of  the  excess  of  its  expansion  over  that  of  the  black-lead,  and  that,  when 
again  cooled,  it  will  be  left  at  the  point  of  greatest  elongation.  What 
is  now  required,  is  the  measurement  of  the  distance  which  the  index 
has  been  thrust  forward  from  its  first  position ; and  this,  though  in 
any  case  but  small,  may  be  effected  with  great  precision  by  means  of  the 
scale. 

“This  is  independent  of  the  register,  and  consists  of  two  rules  of 
brass,  accurately  joined  together  at  a right  angle  by  their  edges,  and 
fitting  square  upon  two  sides  of  the  black-lead  bar.  At  one  end  of  this 
double  rule  a small  plate  of  brass  projects  at  a right  angle,  which  may 
be  brought  down  upon  the  shoulder  of  the  register,  formed  by  the  notch 
cut  away  for  the  reception  of  the  index.  A ,moveable  arm  is  attached 
upon  this  frame,  turning  at  its  fixed  extremity  upon  a centre,  and  at  its 
other,  carrying  an  arc  of  a circle,  whose  radius  is  exactly  five  inches, 
accurately  divided  into  degrees  and  thirds  of  a degree.  Upon  this  arm, 
at  the  centre  of  the  circle,  another  lighter  arm  is  made  to  turn,  one  end 
of  which  carries  a nonius  Avith  it,  which  moves  upon  the  face  of  the  arc, 
and  subdivides  the  former  graduation  into , minutes  of  a degree ; the 
other  end  crosses  the  centre,  and  terminates  in  an  obtuse  steel  point, 
turned  inwards  at  a right  angle. 

“ When  an  observation  is  to  be  made,  a bar  of  platinum,  or  malleable 
iron,  is  placed  in  the  cavity  of  the  register,  the  index  is  to  be  pressed 
down  upon  it,  and  firmly  fixed  in  its  place  by  the  platinum  strap  and 
porcelain  wedge.  The  scale  is  then  to  be  applied  by  carefully  adjusting 
the  brass  rule  to  the  sides  of  the  register,  and  fixing  it  by  pressing  the 
cross  piece  upon  the  shoulder,  and  placing  the  moveable  arm,  so  that  the 
steel  point  of  the  radius  may  drop  into  a small  cavity  made  for  its 
reception,  and  coinciding  with  the  axis  of  the  metallic  bar.  The  minute 
of  the  degree  must  then  be  noted,  which  the  nonius  indicates  upon  the 
arc.  A similar  observation  must  be  made  after  the  register  has  been 
exposed  to  the  increased  temperature  which  it  is  designed  to  measure. 


* This  pyrometer  may  now  be  consi-  Philosojyhical  Transactions,  vols.  Lxxii. 
tiered  as  obsolete.  It  is  described  in  tlie  nxxiv.  Lxxvi. 
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and  again  cooled,  and  it  will  be  found  that  the  nonius  has  been  moved 
forward  a certain  number  of  degrees  or  minutes.  The  scale  of  the 
pyrometer  is  readily  connected  with  that  of  the  thermometer  by  immer- 
sing the  register  in  boiling  mercury,  whose  temperature  is  as  constant  as 
that  of  boiling  water,  and  has  been  accurately  determined  by  the  ther- 
mometer. The  amount  of  expansion  for  a known  number  of  degrees  is 
thus  determined,  and  the  value  of  all  other  expansions  may  be  considered 
as  proportional. 

“ The  melting-point  of  cast  iron  has  been  thus  ascertained  to  be 
2786°,  and  the  highest  temperature  of  a good  wind  furnace  about  3300° ; 
points  which  were  estimated  by  Mr.  Wedgwood  at  20577°  and  32277° 
respectively. 


‘‘Fig,  72  represents  the  register;  A is  the  bar  of  black-lead ; a d the 
cavity  for  the  reception  of  the  metal  bar ; c c is  the  index,  or  cylindrical 
piece  of  porcelain ; d the  platinum  band,  with  its  wedge,  e. 

“ Fig.  73  is  the  scale  by  which  the  expansion  is  measured ; J'J'  is 
the  greater  rule  upon  which  the  smaller,  is  fixed  square.  The  pro- 
jecting arm  A,  is  also  fitted  square  to  the  ledge,  under  the  platinum  band, 
d.  D is  the  arm  which  carries  the  graduated  arc  of  the  circle  fixed  to 
the  rule  J'J'\  and  moveable  upon  the  centre,  i.  c is  the  lighter  bar, 
fixed  to  the  first,  and  moving  upon  the  centre,  k.  / is  a small  lens, 
folded  back  upon  the  arm,  by  which,  when  erected,  the  divisions  may  be 
accurately  read  ofi*.  h is  the  nonius  at  one  of  its  extremities,  and  m the 
steel  point  at  the  other.’* 
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Air-Thermometers.  Sometimes  the  expaRsions  and  contractions  of 
which  are  relatively  great  for  small  changes  of  tem- 
perature, are  resorted  to  in  experiments  in  which  slight 
variations  of  heat  require  to  he  indicated.  The  simplest 
form  of  the  air-lhermomeler  consists  of  a tube  with  a thin 
bulb  at  its  upper  end,  and  dipping  at  the  lower  and  open 
extremity  into  a little  colored  fluid  (fig.  ; some  of  the 

air  is  then  expelled  by  the  heat  of  the  hand,  so  that,  as  the 
bulb  cools,  the  liquid  may  rise  to  about  half  way  up  the 
tube.  This  instrument  is  very  sensible  to  slight  changes  of 
temperature  : heat  expands  the  air  in  the  bulb,  and  drives 
the  fluid  downwards ; and  cold,  by  contracting  the  air, 
causes  the  fluid  to  rise.  This  was  one  of  the  first  forms  of 
the  thermometer  that  was  invented,  and  is  only  inconve- 
nient from  its  extreme  delicacy,  and  the  great  length  of  tube 
required  to  measure  any  considerable  range  of  heat  and  cold. 

Another  and  more  useful  form  of  air-thermometer  is 
represented  in  fig.  75  : it  has  sometimes  been  called  the 
differential  thermometer.  It  consists  of  two  bulbs,  a 
and  5,  containing  air,  united  by  a tube  twice  bent  at  right  angles,  in 
which  there  is  a little  colored  sulphuric  acid  : the 
tube  is  supported  upon  a wooden  stand.  When  a 
hot  body  is  brought  near  one  of  the  bulbs,  it  ex- 
pands the  air  within  it,  and  drives  the  fluid  towards 
the  other ; from  b,  for  instance,  to  a.  One  of  the 
chief  advantages  of  this  air-thermometer  is,  that  it 
is  not  affected  by  general  changes  in  the  tempera- 
ture of  the  surrounding  air,  because  they  act  equally 
on  both  bulbs,  and  occasion  no  motion  of  the  in- 
cluded column  of  liquid  ; but  when  one  of  the  bulbs 
is  exposed  to  any  source  of  heat  which  does  not 
affect  the  other,  the  difference  of  temperature  be- 
tween the  two  is  immediately  and  sensibly  indicated 
by  the  recession  of  the  fluid  from  the  heated  towards 
the  cold  bulb.  The  advantages  of  this  instrument 
will  be  more  evident  when  some  of  its  practical  applications 
afterwards  pointed  out^. 

The  following  table  will  give  an  idea  of  the  range  of  temperature 
within  which  certain  points  have  been  accurately  determined : the 
degrees  are  those  of  Fahrenheit’s  scale. 


a 


are 


Greatest  artificial  cold  produced 

by  Faraday  — 16*6° 

Greatest  artificial  cold  produced 

by  Thilorier — 135 

Solid  compound  of  alcohol  and 

carbonic  acid  fuses  — 131 

Greatest  artificial  cold  produced 

by  Walker  — 91 

Temperature  of  planetary  space 

(Fourier)  — 58 


Greatest  natural  cold  observed 

by  Ross 

Greatest  natural  cold  observed 

by  Parry  — 

Mercury  freezes  — 

Proof  spirit  freezes  — 

Mixture  of  1 part  of  alcohol  and 

3 of  water  freezes + 

Strong  wine  freezes + 

Ice  melts  + 


- 80° 


39 

7 


7 

20 

32 


* There  is  a useful  treatise  on  the  vari- 
ous constructions  of  thermometers  and  py- 


rometers in  the  Library  of  Useful  Know- 
ledge. Natural  Philos.,  vol.  ii. 
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Medium  temperature  of  the 

Tin  melts  

+ 

442 

surface  of  the  globe  

-h 

50° 

Lead  melts 

-h 

594 

Medium  temperature  of  Eng- 

Mercury  boils.... 

662 

land 

+ 

52 

Red  heat  

(Daniell).... 

+ 

980 

Heat  of  human  blood 

+ 

98 

Heat  of  common  fire  (do.)  .... 

+ 

1140 

Pyroligneous  spirit  boils  

+ 

150 

Brass  melts 

(do.)  .... 

+ 

1869 

Alcohol  boils 

+ 

174 

Silver  melts 

(do.)  .... 

-H  2233 

Water  boils  

+ 

212 

Cast  iron  melts 

(do.)  .... 

-1-  3479 

§ 6.  Conduction  of  Heat. 

We  have  already  seen  how  readily  heat  is  diffused  through  liquids  by 
convection,  or  change  of  density,  and  that  its  propagation  through  aeriform 
bodies  is  often  dependent  upon  a similar  mode  of  transfer.  When  heat 
traverses  solid  bodies  its  passage  is  altogether  of  a different  character ; it 
suffers  great  retardation,  and  is  said  to  be  conducted. 

It  has  been  observed  by  Herschel  (^Discourse  on  the  Study 
Natural  Philosophy).^  that  as  the  particles  of  the  most  solid  bodies  are 
not  absolutely  in  contact,  conduction,  when  properly  considered,  is 
merely  a case  of  radiation,  and  “ that  if  we  would  rightly  understand 
what  is  the  process  of  nature  in  this  slow  communication  of  heat  through 
the  substance  of  a solid,  we  must  ground  our  inquiries  upon  what  takes 
place  at  a distance,  and  then  urge  the  laws  to  which  we  have  arrived  up 
to  their  extreme  case.”  This  mutual  dependence  of  the  laws  of  conduc- 
tion and  radiation  will  be  again  adverted  to  when  considering  the  latter 
mode  of  the  propagation  of  heat ; but  we  are  too  little  acquainted  with 
the  minute  corpuscular  structure  of  bodies,  to  know  what  goes  on 
between  particle  and  particle,  in  apparent  contact ; and  the  bad  radiating, 
yet  good  conducting  power  of  the  metals,  apparently  shows  that  these 
are  distinct  modes  of  the  propagation  of  heat. 

Conduction  by  Solids.  A rod  or  bar  of  metal  is  well  calculated  to 
illustrate  this  conduction  of  heat : if  one  end  of  it  be  held  in  the  candle, 
and  the  other  in  the  hand,  the  heat  gradually  and  progressively  makes 
its  way  from  one  end  to  the  other ; if  the  hand  be  near  the  source  of 
heat,  or  the  bar  short,  it  soon  becomes  too  hot  to  hold.  This  gradual 
progress  of  heat  along  the  bar  is  well  shown  by  attaching  several  wooden 
balls  to  the  side  of  a square  bar  of  metal  18  or  20  inches  long,  at 

76  intervals  of  about  two  inches  apart, 

3 by  a little  wax,  and  then  heating  one 
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end  of  the  bar  over  a lamp  (fig.  7^); 
the  balls  successively  drop  off  as  the 
heat  finds  its  way  along  the  bar.  If  we  employ  bars  of  different  metals,  it 
will  be  found  that  some  conduct  heat  better  than  others:  thus,  if  two  similar 
bars  or  wires,  one  of  platinum  and  one  of  silver,  be  heated  at  one  end, 
77  the  heat  will  pervade  the  silver  much  more  rapidly 
than  the  platinum ; or  if  cones  of  several  metals. 


like  that  represented  in  fi^.  77^  be  respectivelv  tipped 

With  a small  piece  of  wax,  and  placed  upon  a heated 
plate  of  metal,  the  wax  will  melt  at  different  periods  upon  the  different 
cones,  thus  showing  their  different  conducting  powers. 

Gold,  silver,  and  copper  are  the  best  conductors  ; next  to  these  plati- 
num, iron,  zinc,  and  tin:  lead  is  the  worst  conductor  among  the  metals. 
(Ingenhousz,  Jonr.  de  Phys.^  1789,  p.  68;  Despretz,  Ann.  Ch.  et  Ph.^ 
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xix.  97.)  It  does  not  appear,  therefore,  that  the  conducting  power 
corresponds  either  with  the  density,  the  tenacity,  or  the  fusibility  of  the 
metals.  In  these  cases  of  conduction  the  following  law  is  observed  : 
if  the  extremity  of  a metallic  bar  be  placed  in  communication  with  a 
constant  source  of  heat,  and  we  wait  till  it  has  taken  up  a permanent 
state  of  temperature,  we  shall  find  that  for  distances  from  the  source, 
taken  in  arithmetical  progression,  the  excess  of  temperature  above  the 
surrounding  medium  will  form  a geometrical  progression. 

Trevelyan  observed  that  when  masses  of  metal  of  different  tempera- 
tures and  conducting  powers  were  properly  placed  in  contact,  they  pro- 
duced vibratory  or  rapid  rocking  motions  attended  by  musical  sounds. 
(Phil.  Mag.^  N.S.,  iii.  321.)  These  vibrations  are  most  intense  when  the 
heated  metal  is  the  best  conductor,  and  the  cold  the  worst : they  are 
well  observed  when  a heated  bar  of  copper  is  placed  upon  a block  of  lead, 
and  continue  till  the  temperatures  are  equalized,  (Forbes,  Phil.  Trans. 
Edinb..,  xii.,)  the  tones  often  rising  and  falling  like  those  of  an  ^olian 
harp.  A (fig.  73)  represents  a grooved  bar  of  brass  or  copper  about  five 
inches  long  and  half  an  inch  in  diameter,  of  which  a section  is  shewn  at 
B.  c is  a thick  iron  wire,  with  a brass  knob  screwed  on  to  its  end,  which 
serves  as  a handle,  and  d the  block  of  lead  upon  which  the  highly  heated 
bar  is  placed ; sometimes  a curved  bar  is  used,  resting  upon  a leaden 
pedestal,  as  in  fig.  79. 
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Next  to  metals,  the  diamond,  the  topaz,  and  some  earthy  compounds, 
appear  to  have  the  greatest  conducting  power : then  stony  bodies,  porce- 
lain and  glass,  and  porous  earthy  compounds,  such  as  earthenware  and 
bricks.  Wood  is  a very  bad  conductor  of  heat ; so  is  charcoal ; and  these 
may  be  held,  without  burning  the  fingers,  very  near  the  red-hot  part. 

The  following  table,  from  the  experiments  of  Despretz,  (Ann.  Ch.  et 
Ph.,  xxxvi.  422,)  represents  the  conducting  powers  of  several  metals 
and  other  substances  compared  with  gold. 


Gold  

...  1000 

Copper  .... 

....  898 

Tin  

304 

Porcelain  .... 

....  12 

Platinum .... 

....  981 

Iron 

374 

Lead 

180 

Brick 

...  11 

Silver 

...  973 

Zinc 

363 

Marble 

24 

But  in  this  table,  the  conducting  power  of  plalinum  is  greatly  over- 
estimated, and  it  will  afterwards  appear  that  it  should  stand  much  below 
silver  and  copper,  and  but  little  above  iron  and  zinc,  so  that  the  number 
381,  rather  than  981,  would  more  correctly  represent  its  conducting 
power  in  reference  to  gold  as  = 1000. 

From  the  experiments  of  Mayer,  of  Erlangen,  [Ami.  de  Chim..^  xxx.,) 
it  would  appear  that  the  conducting  powers  of  different  woods  are  in  some 
measure  inversely  as  their  specific  gravities,  but  these  experiments  require 
repetition,  and  certainly  in  many  instances  the  least  dense  woods  are,  as 
might  be  expected,  the  worst  conductors.  (Delarive  and  Decanbolle, 
Ann.  Ch.  cl  Ph.,  xl.  91.) 
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Porous  substances  used  in  clothing,  and  the  natural  coverings  of  most 
animals,  are  also  bad  conductors  of  heat ; but  in  these  and  similar  cases 
interstitial  air  cannot  be  excluded,  and  consequently  their  true  conducting 
power  is  not  accurately  determinable^.  Count  Rumford  found  that  when 
a heated  thermometer,  surrounded  by  about  an  inch  in  thickness  of  con- 
fined ah\  took  576  seconds  to  cool  135°,  it  took  1032  seconds  to  cool  to 
the  same  point  when  16  grains  of  lint  were  diffused  through  the  confined 
air,  and  1305  seconds  when  the  same  weight  of  eiderdown  was  used  ; so 
that  if  it  be  assumed  that  the  conducting  power  is  inversely  as  the  times, 
if  the  power  of  air  be  — 1000,  that  of  the  lint  will  be  =:  558,  and  of 
the  eiderdown  = 441 ; there  can,  however,  be  no  doubt  that  in  these 
experiments  the  conducting  power  of  the  confined  air  is  not  correctly  re- 
presented ; that  it  is  greatly  inferior  to  the  solid  fibres  of  the  porous 
bodies  experimented  upon,  and  that  in  proportion  as  these  prevent  its 
ready  change  of  place,  they  oppose  the  transmission  of  heat ; we  ac- 
cordingly find  that  the  conducting  power  of  these  substances  is  further 
diminished  by  the  closeness  with  which  their  particles  are  compressed, 
provided,  that  is,  their  texture  is  not  too  closely  compacted : thus,  when 
the  same  space,  which  in  the  above  experiment  was  occupied  by  16  grains 
of  eiderdown,  was  filled  first  with  32  grains,  and  then  with  64,  the  times 
employed  in  the  escape  of  the  heat  from  the  enveloped  thermometer 
w^ere  successively  increased  from  1305  seconds  to  1472  and  1615  seconds. 
To  show  the  influence  of  mere  texture  upon  conducting  power,  similar 
trials  were  made  with  raw  silk,  ravelings  of  white  taffeta,  and  of  common 
sewing  silk ; of  which  the  first  has  the  finest  fibre,  the  second  less  fine, 
and  the  third,  from  being  twisted  and  harder,  is  much  coarser.  The 
difierence  between  these  three  modifications  of  the  same  substance  was 
very  striking;  the  raw  silk  detaining  the  heat  for  1284  seconds,  the 
taffeta  ravelings  1169  seconds,  and  the  silk  thread  only  917  seconds. 
{Phil.  Trans..,  1792.) 

The  application  of  these  facts  to  the  retention  of  the  natural  heat 
of  the  body  by  different  kinds  of  clothing,  is  sufficiently  obvious  ; and  it 
is  evident  that,  as  far  as  mere  conducting  power  of  animal  and  vegetable 
substances  is  concerned,  the  worst  conductors  are  those  in  which  the 
fibres  are  finest  and  least  condensed.  There  are,  however,  other  circum- 
stances which  interfere  in  these  applications,  and  which  will  be  more 
intelligible  when  the  subject  of  radiation  of  heat  is  under  consideration. 

Conduction  by  Liquids.  Liquids  are  very  imperfect  conductors 
of  heat,  and  have  sometimes  been  regarded  as  non-conductors.  It 
has  already  been  shown,  that  in  the  usual  mode  of  heating  liquids, 
the  heat  is  applied  to  the  bottom  of  the  vessel  containing  them,  and  is 
diffused  or  conveyed  through  the  mass  in  consequence  of  successive 
changes  of  density  in  the  heated  portions ; the  warm  currents  which  are 
thus  established  ascend,  and  the  cold  ones  descend,  and  this  motion  is 
kept  up  till  the  water  boils.  If,  however,  we  apply  heat  to  the  surface 


* The  quantity  of  air  included  in  a heap 
of  cotton  wool,  for  instance,  and  the  small 
hulk  of  substance  in  it,  is  amusingly  shown 
by  very  nearly  filling  a cylindrical  glass 
vessel  with  alcohol  (which  perfectly  wets 
the  fibre  and  prevents  the  adhesion  of  the 


air  which  ensues  when  it  is  put  into  water), 
and  then  gradually  thrusting  into  it  a large 
heap  of  the  wool,  of  which  an  enormous 
bulk  is  required  before  the  alcohol  runs 
over  the  edge  of  the  vessel. 
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of  the  water,  the  heat  can  only  he  propagated  downwards  by  its  con- 
ducting power-;  for  the  heated  portion,  being  lighter  than  the  cold  water 
beneath,  floats  upon  its  surface,  and  no  interchange  of  strata,  analogous 
to  that  previously  described,  can  ensue.  It  may  thus  be  shown  that  it  is 
extremely  difiicult  to  transmit  heat  through  water  or  other  nonmetallic 
fluid  by  its  mere  conducting  power.  The  following,  among  other  experi- 
ments, may  be  selected  in  illustration : — Let  <?,  fig.  80,  represent  a cylin- 
drical vessel  of  water  with  an  included  air-thermometer,  the  bulb  of  which 

very  nearly  reaches  the  surface:  6 is  a thin  copper  basin 
floating  upon  the  surface,  the  bottom  of  which  is  only 
separated  from  the  bulb  of  the  air-thermometer  by  a 
very  thin  stratum  of  water  : if  some  inflamed  ether  or 
alcohol,  or  a little  glowing  charcoal,  be  now  put  into 
the  basin,  a film  of  water  upon 
the  surface  may  be  heated  A 

to  its  boiling-point,  and  yet 
scarcely  any  elevation  of  tern-  c 
perature  will  be  indicated  by 
the  neighbouring  thermome- 
ter; and  it  will  be  impossible 
to  transmit  the  heat  from  the  surface  downwards. 

In  this  way  of  making  the  experiment,  it  is 
obvious  that  some  heat  may  be  conveyed  by  the 
sides  of  the  vessel;  but  as  glass  is  a bad  con- 
ductor, this  source  of  error  is  comparatively 
small,  though  it  produces  an  effect  when  the 
heat  on  the  surface  is  long  continued. 

The  following  is  a mode  of  illustrating  the 

bad  conducting  power 
of  another  liquid  — 
namely  oil.  fig.  81, 
represents  a thin  glass 
tube  about  two  feet  in 
length,  closed  at  one 
end,  and  open  at  the 
other : pour  into  it  a 
couple  of  inches  of  water, 
and  freeze  it  by  immer- 
sion in  a mixture  of  salt  and  ice ; then  upon 
the  lump  of  ice  at  the  bottom,  6,  pour  eight  or 
ten  inches  of  oil,  c,  and  upon  the  oil,  two  or 
three  inches  of  spirit  of  wine,  d.  If  the  portion 
of  the  tube  containing  the  spirit  be  now  care- 
fuly  held  over  the  chimney  of  a lamp,  the  spirit 
may  be  boiled,  and  even  entirely  evaporated, 
whilst  the  oil  will  be  little  heated,  and  the  ice 
not  thawed. 

A good  class-experiment  upon  this  subject, 
where  it  is  necessary  that  effects  should  be 
seen  at  a distance,  may  be  arranged  as  fol- 
lows Let  A (fig.  82)  represent  a glass  jar 


(which  may  be  supported  upon  a ring-stand,) 


£ 


m 
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filled  up  to  tlie  line  b with  cold  water,  e is  a long-tubed  air  thermo- 
meter, fitted  water-tight  into  the  neck  of  the  jar,  the  colored  liquid  in 
which  stands  at  about  the  level  e,  the  bulb  being  surrounded  by  the 
cold  water.  A thin  disc  of  cork  nearly  fitting  a is  then  floated  upon  the 
water,  and  some  hot  water  tinged  blue  or  red  is  carefully  poured  up  to 
the  level,  c,  when  the  cork  disc  (preventing  its  mixture  with  the  cold 
water  beneath)  may  be  removed,  and  the  hot  colored  water  remains 
floating  upon  the  cold  colorless  water,  and  no  effect  is  produced  upon 
the  thermometer.  The  syphon,  d,  is  now  carefully  introduced,  and  the 
cold  water  gradually  drawn  off,  so  as  to  allow  the  hot  colored  stratum 
to  descend  within  a line  of  the  bulb,  but  it  still  produces  no  effect  till  the 
hot  water  touches,  and  afterwards  surrounds,  the  air-thermometer,  when 
the  liquid  in  its  tube  immediately  descends  from  e into  the  cup. 

These,  and  similar  facts  and  experiments,  show  that  water ^ and  most 
other  liquids^  are  very  imperfect  conductors  of  heat;  and  that  they  acquire 
and  lose  heat  principally  by  the  currents  which  have  been  above 
described,  and  which  take  place  in  them  when  partially  heated  or 
cooled  ; the  warmer  parts  ascending,  and  the  colder  descending.  What- 
ever impedes  these  motions  will  proportionately  interfere  with  the 
heating  and  cooling  of  the  fluid.  Hence  viscid  liquids,  or  those  con- 
taining substances  that  mechanically  thicken  them,  are  more  tardy  in 
their  reception  and  emission  of  heat  than  pure  water : of  this,  pasty 
fluids  and  thick  soups  afford  a familiar  example ; they  are  heated  with 
difficulty,  and  are  a long  time  cooling. 

The  inference  which  has  sometimes  been  drawn,  that  the  state  of 
liquidity  prevents  conduction,  or  the  transfer  of  heat  from  particle  to  par- 
ticle, is  negatived,  in  regard  .to  mercury  at  least,  by  substituting  that 
metal  for  the  cold  water,  in  the  apparatus,  fig.  82  ; on  pouring  hot  water 
upon  its  surface  the  thermometer  is  presently  affected,  even  through  a 
considerable  stratum  of  the  fluid  metal. 

Conduction  by  Gases.  The  experiments  which  have  been  made  to 
determine  the  conducting  powers  of  gaseotis  bodies  are  not  very  satis- 
factory in  their  results : and  it  has  as  yet  scarcely  been  ascertained  whe- 
ther a&riform  bodies  are  or  are  not  conductors  of  heat.  A striking 
illustration  of  the  non-conducting  power  of  steam  is  afforded  by  care- 
fully dropping  a little  water  into  a silver  spoon  or  platinum  crucible, 
heated  nearly  to  redness ; the  water  lies  upon  the  metal  so  long  as  it  is 
prevented  coming  into  perfect  contact  with  it  by  the  interposed  layer  of 
steam  ; but  as  soon  as  the  crucible  cools  down,  so  as  to  admit  the  water 
to  touch  it,  it  instantly  boils  off.  This  explanation  is  however  disallowed 
by  M.  Laurent.  {Ann,  Ck.  et  Ph.,,  Lxii.  327.)  See  also  a paper  “ on  the 
Phenomena  of  Bodies  projected  upon  Hot  Surfaces,”  by  M.  Boutigny. 
{Anri.  Ch.  et  Ph.,,  N.S.,  ix.  350  and  xi,  16.)  The  mobility  of  a piece  of 
solid  carbonic  acid  upon  surfaces  at  common  temperatures,  is  referable 
to  the  same  cause ; and  the  difficulty  of  converting  it  into  gas,  even  when 
the  surface  is  heated,  well  illustrates  the  non-conducting  power  of  the  gas 
and  of  the  solid  acid. 

The  bad  conducting  power  of  pure  flame,  such  as  that  of  alcohol,  is 
illustrated  in  the  comparative  difficulty  with  which  it  communicates  heat 
to  a bar  of  metal,  and  the  finger  may  even  be  passed  through  it  without 
burning.  Large  and  clean  grains  of  gunpowder  are  bad  conductors,  and 
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therefore  when  cautiously  dropped  into  the  flame  of  a spirit  lamp  will 
often  not  take  fire;  whereas  fine  iron-filings,  being  good  conductors,  burn 
in  the  same  flame,  and  will  ignite  the  stray  grains  of  gunpowder  which 
may  happen  to  have  lodged  on  the  wick. 

When  a heated  body  is  suspended  in  the  atmosphere,  and  freely  ex- 
posed on  all  sides  to  air,  it  gradually  parts  with  its  excess  of  heat,  so 
as  to  attain  the  temperature  of  the  surrounding  substances ; but  this 
cooling  effect  is  produced  by  a variety  of  causes,  independent  of  any 
real  conducting  power  of  the  air.  We  have  already  alluded  to  the 
extreme  facility  with  which  currents  are  formed  in  air  when  heated 
substances  are  exposed  to  it;  the  warm  air  ascends,  and  a continual 
current  is  produced,  which  glides  over  the  surface  of  the  heated  matter; 
thus,  much  heat  is  conveyed  away  by  the  establishment  of  currents,  in 
consequence  of  change  of  density  in  the  air.  But  heated  bodies  ex- 
posed to  air  also  part  with  excess  of  temperature  by  radiation^  a proc*ess 
continually  going  on  from  their  surfaces,  and  which  will  presently  require 
attention.  Upon  the  whole,  it  is  certain  that  air  is  a very  imperfect  con- 
ductor of  heat. 

IIe3iarks  on  the  relative  Conducting  Powers  of  Bodies.  It  would 
appear,  from  what  has  been  stated,  that  those  bodies  which  are  the  best 
conductors  of  heat,  have  the  weakest  attraction  for  it,  and  that  bad 
conductors  have  the  strongest  attraction : the  former,  therefore,  part  with 
their  heat  more  readily  than  the  latter.  Metals,  wliich  are  excellent 
conductors,  are  easily  heated,  and  as  easily  give  out  their  heat.  It  is 
painful  to  touch  metal  heated  to  about  120^.  Water  scalds  at  150°; 
but  air  may  be  heated  to  250°,  or  even  300°,  without  being  painful  to 
our  organs  of  sensation.  Sir  F.  Chantrey  had  a large  oven,  for  drying 
moulds  employed  in  bronze  castings;  a thermometer  suspended  in  it 
generally  stood  at  about  300°;  the  workmen  entered,  and  remained 
in  it  for  some  minutes  without  much  inconvenience;  and  a person 
wholly  unused  to  such  high  heats  might  walk  into  and  out  of  it  with 
impunity,  though,  to  such,  any  attempt  to  remain  occasioned  difficult 
breathing,  and  a painful  sensation  about  the  eyes,  but  the  skin  re- 
mained parched  and  dry.  In  subjecting  ourselves  to  atmospheres  thus 
highly  heated,  it  is  necessary  carefully  to  avoid  the  contact  of  any  good 
conductor  of  heat : if  we  touch  a piece  of  metal,  it  would  inevitably 
burn;  a person  once  inadvertently  entered  with  his  spectacles  on,  which, 
being  mounted  in  silver,  presently  burned  the  points  of  contact  with  his  face. 

The  relative  conducting  powers  of  metal  and  wood  are  illustrated  in 
the  application  of  wooden  handles  to  metallic  vessels  intended  to  contain 
hot  liquids;  or,  sometimes,  where  the  handle  is  required  to  be  of  metal, 
a thin  piece  of  wood  or  ivory  is  interposed  between  it  and  the  body  of 
the  vessel,  by  which  all  rapid  communication  of  heat  is  eflectually  cut 
otf.  AYe  are  familiar  with  the  warmth,  that  is,  with  the  bad  conducting 
power  of  woollen  clothing,  eiderdown,  furs,  and  similar  articles  which 
contain  much  interstitial  air,  and  with  that  of  other  porous  textures: 
hence  also  the  economy  of  covering  the  exposed  surfaces  of  engine  boilers 
and  their  cylinders  and  pipes  with  felt  and  similar  materials. 

AVe  avail  ourselves  of  the  bad  conducting  power  of  brick  and  stone 
in  the  construction  of  furnaces  intended  to  retain  their  interior  heat;  but 
where  the  object  is  to  communicate  heat  to  the  surrounding  air,  and  not 
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to  retain  it  in  the  body  of  the  furnace,  they  are  made  of  cast  or  wrought 
iron,  and  the  lining  of  brickwork  is  dispensed  with,  so  that  the  heat  may 
readily  find  its  way  outward. 

A remarkable  instance  of  the  bad  conducting  power  of  the  earthy 
bodies  constituting  volcanic  ashes  is  cited  by  Lyell,  {Principles  of 
Geology^')  in  the  preservation  of  a glacier  near  the  summit  of  Etna,  in 
consequence  of  its  having  been  covered  by  volcanic  dust,  over  which  a 
current  of  lava  afterwards  flowed.  He  supposes  that  at  the  commence- 
ment of  the  eruption  a deep  mass  of  drift  snow  had  been  covered  by 
volcanic  sand  showered  down  upon  it  before  the  descent  of  the  lava. 
“ A dense  stratum  of  this  fine  dust,’'  he  says,  “ mixed  with  scoriag,  is  well 
known  to  be  an  extremely  bad  conductor  of  heat,  and  the  shepherds  in 
the  higher  regions  of  Etna  are  accustomed  to  provide  water  for  their 
flocks  during  summer,  by  strewing  a layer  of  volcanic  sand  a few  inches 
thick  over  the  snow,  which  effectually  prevents  the  heat  of  the  sun  from 
penetrating.  Suppose  the  mass  of  snow  to  have  been  preserved  from 
liquefaction  until  the  lower  part  of  the  lava  had  consolidated,  we  may 
then  readily  conceive  that  a glacier  thus  protected,  at  the  height  of  10,000 
feet  above  the  level  of  the  sea,  would  endure  as  long  as  the  snows  of 
Mont  Blanc,  unless  melted  by  volcanic  heat  from  below.” 

From  volcanic  and  other  geological  phenomena,  it  has  been  inferred 
that  the  interior  of  the  globe  is  in  a state  of  intense  ignition.  At  a depth 
of  about  fifty  feet  from  the  surface  the  thermometer  is  stationary  and  not 
affected  by  external  changes;  but  at  greater  depths  the  temperature 
progressively  increases.  From  such  observations  Cordier  has  surmised 
that  the  elevation  of  temperature  would  be  equal  to  116°  for  each  mile 
of  descent,  and,  consequently,  that  at  a depth  of  about  thirty  miles  the 
temperature  would  be  about  3500°,  or  more  than  adequate  to  the  fusion 
of  rocks  and  metals.  The  bad  conducting  power  of  the  crust  of  the 
globe  is  an  effective  obstacle  to  the  progress  of  this  heat  towards  the 
surface:  indeed  it  has  been  demonstrated  by  Fourier,  that  even  if  the 
crust  of  the  globe  w'ere  of  cast  iron,  myriads  of  years  would  be  required 
for  the  transmission  of  heat  from  a depth  of  150  miles.  “ The  tempera- 
ture of  the  globe  now  depends  upon  the  amount  of  heat  which  it 
receives  from  the  sun  compared  with  that  radiated  from  its  surface  into 
free  space.  There  is  reason  to  believe  that  no  material  change  has 
occured  in  the  quantity  of  heat  received  from  the  sun  during  the  his- 
torical epoch.  The  radiation  from  the  surface  of  the  earth  has  its  limit 
in  the  temperature  of  the  planetary  space  in  which  it  moves,  which 
Fourier  deduces  to  be  —58°,  and  Schwanberg,  from  a calculation  on 
totally  different  principles,  estimates  at  — 58*6°.  This  low  temperature 
appears  to  be  attained  in  the  long  absence  of  the  sun  during  a polar 
winter,  as  Captain  Parry  found  the  thermometer  to  fall  as  low  as  — 55° 
at  Melville  Island,  and  Boss  more  lately  observed  a temperature  so  low 
as  —60°,''  (Graham.) 

Charcoal  is  among  the  very  worst  conductors  of  heat;  and  there  is  a 
well-known  experiment  which  illustrates  this,  consisting  in  placing  a 
tea-kettle  of  boiling  water  just  taken  from  the  fire,  upon  the  palm  of  the 
hand : it  is,  of  course,  essential  to  its  success  that  the  bottom  of  the 
kettle  should  be  well  covered  with  soot,  which  is  a porous  form  of  char- 
coal, and  effectually  prevents  the  transmission  of  heat  from  the  water 
within  to  the  hand.  So  also  when  the  palm  of  the  hand  is  covered  by  a 


CONDUCTION  OF  HEAT. 


59 


layer  of  dry  sand,  or  of  fine  asbestos,  a red-hot  iron  ball  may  be  placed 
upon  it  with  impunity. 

The  comparative  conducting  power  of  wood  and  metal  is  also  well 
illustrated  by  the  following  experiment:  take  a smooth  round  bar  of 
brass,  or  other  meial,  about  an  inch  in  diameter,  and  ten  or  twelve  in 
length,  and  stretch  a strip  of  writing-paper  tightly  over  a part  of  it,  to 
which  apply  the  flame  of  a candle  or  spirit-lamp,  and  it  will  be  found 
impossible  to  burn  or  even  singe  the  paper ; for  the  heat  passes  through 
it  to  the  metal,  and  is  conducted  away  so  rapidly,  that  its  accumulation, 
or  the  temperature  recj[uired  to  burn  the  paper,  cannot  be  attained.  If  we 
now  substitute  a wooden  bar  of  the  same  dimensions  as  the  metallic 
one,  stretch  the  paper  over  it,  and  hold  it  in  the  flame,  the  paper  will 
presently  singe  and  char,  and  the  wood  beneath  will  be  inflamed,  in 
consequence  of  its  bad  conducting  power,  which  prevents  the  diffusion  of 
the  heat,  and  concentrates  its  effects  upon  the  spot  to  which  the  flame  is 
applied. 

A stratum  of  confined  air  is  an  extremely  bad  conductor  of  heat : 
hence  the  advantage,  in  some  instances,  of  double  walls  to  furnaces,  air 
being  confined  between  them;  and  to  icehouses,  to  exclude  external  heat; 
and  of  double  windows  to  our  apartments,  to  prevent  the  transmission  of 
heat,  and  ingress  of  cold. 

We  have  shown,  that  in  air,  the  power  of  communicating  heat  is  very 
feeble  ; its  actual  power  of  ahsiracting  heat  is  also  proportionably  small : 
in  the  high  northern  latitudes,  provided  the  air  is  tranquil,  and  there  is 
no  wind,  a degree  of  cold  may  be  sustained  without  injury,  in  which 
mercury  freezes;  but  if,  in  this  state  of  the  atmosphere,  7netallic  sub- 
stances be  touched,  of  the  same  low  temperature,  a sensation  like  that  of 
burning  is  experienced,  and  the  part  becomes  blistered. 

Captain  Parry  and  his  associates,  in  their  Voyage  for  the  Discovery  of 
a Nortli-jvest  Passage^  frequently  experienced  a degree  of  atmospheric 
cold  below  the  freezing  of  mercury.  Under  the  date  of  Tuesday,  the  1 5th 
of  February,  1820,  he  says,  “From  four  p.m.,  on  the  14th,  till  half-past 
seven  on  the  following  morning,  being  an  interval  of  fifteen  hours  and  a 
half,  during  which  time  the  weather  was  clear,  and  nearly  calm,  a ther- 
mometer fixed  on  a pole  between  the  ships  and  the  shore  never  rose 
above  — 54°,  and  was  once,  during  that  interval,  namely,  at  six  in  the 
morning,  as  low  as  — 55°.  This  low  temperature  might  perhaps  have 
continued  much  longer,  but  for  a light  breeze  which  sprung  up  from  the 
northward,  immediately  on  which  the  thermometer  rose  to  —49°,  and 
continued  still  to  rise  during  the  day,  till  at  midnight,  it  had  reached 
— 34°.  During  the  lowest  temperature  above  mentioned,  which  was  the 
most  intense  degree  of  cold  marked  by  the  spirit-thermometer  during  our 
stay  in  Winter  Harbour,  not  the  slightest  inconvenience  was  sutfered 
from  exposure  to  the  open  air  by  a person  well  clothed,  as  long  as  the 
weather  was  perfectly  calm  ; but  in  walking  against  a very  light  air  or 
wind,  a smarting  sensation  was  experienced  all  over  the  face,  accompanied 
by  a pain  in  the  middle  of  the  forehead,  which  soon  became  rather  severe. 
AVe  amused  ourselves  in  freezing  some  mercury  during  the  continuance  of 
the  cold  weather,  and  by  beating  it  out  on  an  anvil  previously  reduced  to 
the  temperature  of  the  atmosphere;  it  did  not  appear  to  be  very  malleable 
when  in  this  state,  usually  breaking  after  two  or  three  blows  of  the 
hammer.” 
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§ 7-  Capacities  for  Heat.  Specific  Heat. 

IT  NDFR  these  terms  we  shall  consider  the  relation  of  the  temperature 
of  bodies,  whilst  in  the  same  state  or  form,  to  the  quantity  of  heat 
contained  in  them.  That  the  thermometer  is  an  accurate  measurer  of 
temperature  has  been  shown  by  Dr.  Taylor’s  experiment  already  quoted, 
but,  as  was  first  proved  by  Dr.  Black  in  his  lectures  at  Glasgow,  in 
1702,  it  alVords  no  correct  insight  into  the  absolute  quantity  of  heat 
necessari!  to  produce  a given  temperature : if,  for  instance,  a pound  of 
olive  oil  and  a pound  of  water  be  brought  from  a cold  into  a warm  room, 
from  a temperature  of  40°  to  a temperature  of  70^,  they  will,  it  is  true, 
gradually  acquire  the  same  temperature ; and  thermometers  immersed  in 
the  respective  liquids  will  gradually  rise  from  40°  to  7^°;  but  if  we 
carefully  watch  the  manner  in  which  this  rise  of  temperature  is  brought 
about,  we  shall  find  that  the  oil  acquires  the  temperature  of  76°  more 
rapidly  than  the  water;  whence  the  inference,  that  the  oil  requires  less 
heat  to  raise  it  from  40°  to  76°  than  the  water.  Again,  if  we  reverse 
the  experiment,  and  transfer  the  two  liquids  from  a warm  to  a cold 
room,  it  will  then  be  observed  that  the  oil  cools  more  rapidly  than  the 
water:  the  fact  being,  that  the  quantity  of  beat  required  to  raise  water 
from  40°  to  70°  is  much  greater  than  that  required  to  raise  the  oil  a 
similar  number  of  thermometric  degrees,  and  consequently  oil  is  more 
rapidly  heated  and  cooled  than  a corresponding  quantity  of  water.  The 
following  experiment  proves  this  to  he  the  case.  A pound  of  water  at 
212°  was  surrounded,  in  a proper  apparatus*,  by  ice,  and  the  quantity  of 
ice  which  was  thawed  by  the  heat  given  out  by  the  water  in  cooling  from 

212°  to  32°  was  ascertained.  A 
similar  experiment  was  then  made 
with  the  same  weight  of  oz7,  and  it 
was  found  that,  in  passing  through 
^ the  same  range  of  temperature,  it 
W only  thawed  half  as  much  ice  as  the 
L water:  although,  therefore,  the  tem- 
peratures of  the  liquids  were  the 
same  at  the  outset  and  conclusion 
of  the  experiment,  the  quantity  of 
heat  given  out  by  the  oil  was  only 
half  that  given  out  by  the  water; 
whence  we  infer  that  bodies^  though 
100  qJ"  same  temperature,  do  not 
contain  the  same  quantity  of  heat, 
some  requiring  more,  and  some  less 
heat,  to  raise  them  to  a given  ther- 
mometric point.  The  quantity  of 
heat  thus  required  is  called  the 
0 specific  heat  of  the  body;  and  if, 
in  reference  to  the  above  statement. 


* The  instrument  employed  for  this  pur- 
pose was  contrived  by  Lavoisier  and  La- 
place, and  is  fully  described  in  L.woi- 
sier’s  Elements  qf  C/iemistri/;  they 


termed  it  a Calorimeter'.  Its  inaccuracy, 
resulting  from  the  difficulty  of  separating 
the  water  from  the  ice,  has  been  shown  by 
edgwood.  {Phil.  Trans.,  vol.  Lxxiv.) 
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we  call  the  specific  heat  of  water  100,  that  of  oil  will  only  be  50;  or 
in  other  words,  water  has  twice  the  capacily  for  heal  that  oil  has. 

This  difference  of  specific  heat  in  oil  and  water  may  be  adequately 
illustrated  as  follows : fill  two  Florence  flasks,  one  with  water  and  the 
other  with  oil,  both  at  212°,  and  place  them  in  large  funnels  upon  gradu- 
ated glass  measures  or  jars  (fig.  83),  each  flask  being  surrounded  by  bruised 
ice:  it  will  be  found  that  the  quantity  of  water  produced  by  the  thawing 
of  the  ice  surrounding  the  oil  flask,  will  only  be  about  one  half  that 
which  has  dropped  from  the  water-flask,  each  having  cooled  through  the 
same  number  of  degrees. 

It  has  been  stated  that,  under  proper  precautions,  equal  quantities 
of  the  sajne  fluid,  at  different  temperatures,  give  the  arithmetical  mean, 
on  mixture.  Equal  measures,  for  instance,  of  water  at  70°,  and  of 
water  at  130°,  will  give  the  mean  temperature  of  100°;  that  is,  the  hot 
water  loses  30°,  and  the  cooler  water  gains  30°.  But  if  equal  measures 
of  different  fluids,  as,  for  instance,  of  water  at  70°,  and  of  mercury  at 
130°  be  mixed,  the  resulting  temperature  will  not  be  the  mean,  or  100°, 
but  only  90°.  Here,  therefore,  the  mercury  loses  40°,  while  the  water 
only  gains  20°,  hence  the  inference,  that  the  quantity  of  heat  required  to 
raise  a given  measure  of  mercury  100°,  will  only  raise  the  same  measure 
of  water  50°:  that  is,  (speaking  here  of  equal  bulks)  the  capacity  of  mer- 
cury for  heat  is  only  = half  that  of  water.  But  the  capacities  of  bodies 
for  heat  are  most  conveniently  referred  to  equal  weights  rather  than 
measures ; and  if  we  thus  compare  water  with  mercury,  it  will  be  found 
that  a pound  of  water  absorbs  thirty  times  more  heat  than  the  same 
weight  of  mercury;  viewed,  therefore  in  this  way,  the  capacity  of  water 
for  heat  is  to  that  of  mercury  as  30  to  1,  or  as  1000  to  33,  and  we 
generally  thus  express  the  capacities  of  bodies  for  heat  by  a series  of 
numbers,  having  reference  to  water  as=  1000,  such  numbers  representing 
their  specific  heats. 

The  most  accurate  determination  of  specific  heats  appears  to  be 
derived  from  the  process  of  cooling,  the  time  required  for  this  purpose 
being  directly  as  the  specific  heats  of  the  bodies,  provided  they  are 
carefully  placed  under  similar  circumstances  : contained,  for  instance,  in  a 
polished  silver  vessel,  in  a vacuum.  The  following  capacities  were  thus 
determined  by  Dulong  and  Petit:  - 


Sp.  heat. 


Water  1000 

Sulphur 188 

Glass 117 

Iron  110 

Copper  95 


Sp.  heat. 


Zinc  93 

Silver 50 

Mercury 33 

Platinum 31 

Lead  29 


“ Of  all  liquid  or  solid  bodies  water  has  much  the  greatest  capacity 
for  heat;  hence  the  sea  which  covers  so  large  a proportion  of  the  globe  is 
a great  magazine  of  heat  and  has  a beneficial  influence  in  equalizing 
atmospheric  temperature.  Mercury  has  a small  specific  heat  so  that  it  is 
quickly  heated  or  cooled,  another  property  which  recommends  it  as  a 
liquid  for  the  thermometer,  imparting  as  it  does,  great  sensibility  to  the 
instrument.”  (Graham.) 

Dulong  and  Petit  also  have  shown,  as  Dalton  had  previously  anti- 
cipated, that  the  specific  heat  of  bodies  increases  with  their  temperatures, 
so  that  it  requires  more  heat  to  raise  them  a given  number  of  degrees 
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when  they  are  at  a high  than  when  at  a low  temperature.  The  specific 
heat  of  iron,  for  instance,  at  different  temperatures,  was  as  follows  : 

From  32°  to  212° 0-1098 

„ 32  to  392  0-1150 

„ 32  to  572  01218 

„ 32  to  662  0-1255 

The  same  holds  good  in  respect  to  other  bodies,  as  shown  in  the  fol- 
lowing table : 


Mercury 

Between  32°  and  212°. 

0-0330  

Between  32°  and  572°. 
0-0350 

Zinc  

0-0927  

0-1015 

Antimony  

0-0507  

0-0547 

Silver 

0-0557  

0 0611 

Copper  

0-0949  

0-1013 

Platinum  

0-0335  

0-0355 

Glass  

0-1770  

0 1900 

And  in  respect  to  water  Regnault  found  that  its  specific  heat  at  40° 
being  = 1000,  at  212°  it  was  = 1010,  so  that,  strictly  speaking,  the  tem- 
perature obtained  by  mixing  equal  quantities  at  different  temperatures  is 
not  the  exact  mean,  but  a shade  above  it. 

Petit  and  Dulong^s  researches,  however,  render  it  probable  that  the 
atoms  (or  weights  indicated  by  their  equivalent  numbers)  of  simple  sub- 
stances, all  have  the  same  capacities  for  heat;  hence  the  specific  heat  of  an 
elementary  substance,  multiplied  into  the  weight  of  its  prime  equivalent, 
should  always  give  the  same  product.  {An?i.  Ch.  et  Ph.^  x.  403.) 

The  following  is  the  table  given  by  Gmelin  in  illustration  of  this 
subject:  the  atomic  weights  are  those  which  he  adopts  in  reference  to 
the  hydrogen  unit,  and  they  closely  agree  with  those  which  I shall 
employ  in  the  sequel : 


Oxygen  

Specific 

heat. 

0-2361 

Atomic 

weight. 

8 

Product. 

1-8888 

Antimony  . 

Specific 

heat. 

..  0-0508 

Atomic 

weight. 

129 

Product. 
6 5532 

Hydrogen  ... 

3-2936 

1 

3-2936 

Tellurium  .. 

..  0-0515 

64 

3-2960 

Nitrogen 

0-2754 

14 

3-8556 

Bismuth 

..  0-0308 

106-4 

3-2771 

Diamond 

0-1469 

6 

0-8814 

Zinc 

..  0-0955 

32-2 

3-0751 

Graphite 

0-2019 

6 

1-2114 

Cadmium 

..  0-0567 

55-8 

3-1639 

Charcoal 

0-2009 

6 

1-2054 

Tin  

...  0 0562 

59 

3-3158 

Do 

0-2415 

6 

1-4490 

Lead  

..  0-0314 

103-8 

3-2593 

Do 

0-2964 

6 

1-7784 

Iron 

...  0-1138 

27-2 

3-0954 

Phosphorus... 

0-1887 

31-4 

5-9250 

Cobalt 

..  0-1070 

29-6 

3-1672 

Sulphur  

Selenium 

0-2026 

16 

3-2416 

Nickel 

...  0-1086 

29-6 

3-2146 

0-0837 

40 

3-3480 

Copper 

...  0-0951 

31-8 

3-0242 

Iodine 

0-0541 

126 

6-8166 

Mercury  

...  0 0333 

101-4 

3-3766 

Bromine  

0-1350 

78-4 

10-5840 

Silver  

..  0-0570 

108-1 

6-I6I7 

Tungsten 

0-0364 

9.5 

3 4580 

Gold 

...  0-0324 

199- 

6-4476 

Molybdenum 

0-0722 

48 

3-4656 

Platinum 

..  0-0324 

98-7 

3-1979 

Manganese  .... 

0-1441 

27-6 

39772 

Palladium  . 

..  0-0593 

53-4 

3-1666 

Arsenic  

0-0814 

75-2 

6-1213 

Iridium  

..  0-0368 

98-7 

3-6322 

It  will  be  observed  that  the  majority  of  the  numbers  in  the  fourth 
column  of  this  table  fluctuate  a little  on  one  side  or  other  of  32,  and  that 
where  the  product  indicates  a multiple  or  submultiple  of  32,  the  atomic 
weight  or  equivalent  would  be  required  to  be  halved,  doubled,  &c.,  in 
order  to  assimilate  it  to  the  general  law.  The  minor  deviations  may  arise 
out  of  errors  in  the  operation,  or  impurity  of  materials:  the  most  in-  . 
explicable  incongruity  is  in  the  case  of  carbon. 

The  subject  of  specific  heat  has  also  been  elaborately  investigated  by 
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Regnault  (Ann.  Ch.  el  Ph..,  Lxxiii.  1):  and  in  a later  memoir  (Ann.  Ch.  et 
Ph.^  Nov.  1834)  he  has  published  some  curious  details  respecting  the  spe- 
cific heats  of  certain  liquids  isomeric  with  oil  of  turpentine;  of  certain 
metals  in  different  mechanical  conditions ; and  of  sulphur  in  its  various 
states.  I have  noticed  some  of  the  results  under  the  history  of  the 
respective  substances. 


From  the  researches  of  Neumann  (Poggend.  Aim..,  No. 

9,  1831),  and 

of  Avogadro  [Ann.  Ch.  et  Ph.,  lv.  80 

, Lvii.  113),  it  would  appear  that  the 

atoms  of  compound  bodies  of  similar  composition  also  possess  the  same 

capacities  for  heat : this  at  least  appears  the  case  in  regard  to  the  follow- 

ing  sulphates  and  carbonates. 

Specific  heat.  Atomic  weights. 

Product. 

Carbonate  of  Lime  

0*2044 

50  

102  2 

„ Baryta 

0*1080 

99  

106*9 

„ Iron 

0*1819 

58  

105*5 

„ Lead  

0*0810 

134  

108*5 

„ Zinc  

0*1712 

62  

106*1 

„ Strontia  .... 

0*1445 

74  

106*9 

Mean  .. 

106* 

Sulphate  of  Baryta  

0*1068 

117  

124*9 

„ Lime 

0*1854 

68  

126*8 

„ Strontia 

0*1300 

92  

119*6 

,,  Lead  

0*0830 

152  

126*1 

Mean  .. 

124*1 

The  specific  heat  of 

gaseous  bodies  has  been  examined  by  De  La 

Roche  and  Berard  (Ann. 

de  Chim.., 

Lxxxv.,  or  Ann.  of  Philos..,  v.  ii.), 

Haycroft,  Apjohn,  and  others.  The  following  tables  show  the  results 

obtained  by  Berard : 

Equal  volumes.  Equal  weights. 

Sp.  gravity. 

Air  

....  1*0000  .. 

1*0000  

..  1*0000 

Hydrogen 

....  0*9033  .. 

12*3401  

..  0*0732 

Carbonic  acid  

....  1*2583  .. 

0*8280  

..  1*5196 

Oxygen  

....  0*9765  .. 

0*8848  

...  1*1036 

Nitrogen  

....  1*0000  .. 

1*0318  

..  0*9691 

Nitrous  oxide  

....  1*3503  .. 

0*8878  

..  1*5209 

Olefiant  gas 

....  1*5530  .. 

1*5763  

..  0*9885 

Carbonic  oxide  

....  1*0340  .. 

1*0804  

..  0*9569 

To  reduce  these  numbers  to  the  standard  of  water,  three  methods  were 

employed;  from  which  the  numbers  0*2498,  0*2697,  and  0*2813  were 

obtained  for  atmospheric 

air.  They  have  taken  0*2669  as  the  mean,  to 

wRich  all  the  above  results  are  referred,  as  follows  : 

Water  

1*0000 

Nitrogen  gas  

0*2754 

Air 

0*2669 

Nitrous  oxide  gas  

0*2369 

Hydrogen  gas  

3*2936 

Olefiant  gas  

0*4207 

Carbonic  acid  gas 

0*2210 

Carbonic  oxide  gas  

0*2884 

Oxygen  gas  

0*2361 

Aqueous  vapour  

0*8470 

An  extended  table  of 

specific  heats  may  be  consulted 

in  Dr.  Tiiom- 

son’s  Outline  of  the  Sciences  of  Heat  and  Electricity^  2nd  edit. : but 
there  can  he  little  doubt  that  many  of  the  hitherto  received  results  are 
erroneous,  as  will  be  evident  from  the  observations  of  Regnault,  in  the 
paper  above  quoted.  Some  experiments  on  the  specific  heat  and  con- 
ducting powers  of  building  materials,  by  Mr.  John  Hutchinson,  will  be 
found  in  the  Proceedings  of  the  Chemical  Society  (March^  1842). 


64 


SPECIFIC  HEAT. 


The  capacity  of  bodies  for  heat  is  materially  affected  by  their  density; 
whenever  density  is  diminished,  capacity  for  heat  is  increased,  and 
vice  versa.  Thus  in  regard  to  solids,  if  we  suddenly  compress  a piece  of 
metal,  it  becomes  hot,  because  its  capacity  for  heat  is  diminished ; and, 
therefore,  in  its  dense  and  compressed  state,  it  contains  less  heat  than  it 
did  before  ; in  the  process  of  coining,  the  blank  piece,  in  sustaining  the 
sudden  and  violent  pressure  of  the  coining-press,  becomes  suddenly 
warm;  and  a bar  of  red-hot  iron,  when  subjected  to  great  pressure,  as 
in  passing  it  through  a powerful  rolling-mill,  becomes  nearly  white  hot. 
Most  cases  of  the  evolution  of  heat  by  friction  and  percussion  may  be 
referred  to  the  same  source.  A piece  of  soft  iron,  dexterously  struck  a 
few  heavy  blows  with  a hammer,  becomes  hot  enough  to  inflame  the 
sulphur  of  a match.  A piece  of  Indian  rubber,  suddenly  and  forcibly 
drawn  out,  becomes  warm  in  consequence  of  the  extension,  as  may  easily 
be  perceived  by  applying  it  to  the  lip  the  moment  it  is  stretched,  that 
part  being  very  susceptible  of  slight  changes  of  temperature.  In  some  of 
these  cases,  however,  an  altered  molecular  condition,  or  arrangement  of  the 
particles,  independent  of  actual  change  of  density,  seems  to  modify  their 
relation  to  sensible  heat;  thus  heat  is  often  indefinitely  evolved  by  friction, 
and  the  specific  gravity  of  lead  is  said  not  to  be  alteredl  by  hammering, 
yet  it  becomes  very  hot  during  that  operation : in  some  cases,  too,  spon- 
taneous changes  of  texture  or  aggregation  in  solids  are  attended  by  change 
of  temperature  : thus  sugar,  in  changing  from  its  vitreous  to  its  granular 
or  crystalline  state  evolves  heat.  Professor  Graham  remarked,  that  when 
melted  sugar  was  allowed  to  cool  to  about  100°,  and  then  whilst  soft 
and  viscid,  rapidly  and  frequently  extended  and  doubled  up,  its  temper- 
ature rose  in  two  minutes  from  105°  to  175°;  there  can,  therefore, 
be  little  doubt  that  the  transition  of  vitreous  into  granular  sugar  is 
accompanied  by  a change  in  its  relations  to  heat : and  that  glass,  like 
transparent  barley  sugar,  may  owe  some  of  its  peculiarities  to  the  per- 
manent retention  of  heat,  of  which  it  may  be  deprived  by  keeping  it  long 
in  a soft  state,  when  it  becomes  granular  and  porcellaneous.  Graham 
also  suggests  that  dimorphism  may  depend  upon  the  retention  of  a certain 
quantity  of  heat  by  the  body  in  the  one  form,  and  not  in  the  other. 
(^Elements,  p.  43.) 

A change  of  capacity  for  heat,  attending  change  of  density,  is  also 
perceived  in  liquids.  When  sulphuric  acid  is  mixed  with  water,  the 
relative  density  of  the  mixture  is  suddenly  and  greatly  increased,  and  it 
becomes  boiling  hot.  When  alcohol  and  water  are  mixed,  there  is  also 
an  increase  of  density,  and  heat  is  evolved. 

In  gases  we  have  a convenient  opportunity  of  observing  that,  as  on 
the  one  hand,  condensation  produces  heat,  so,  on  the  other,  rarefaction, 
or  diminution  of  density,  is  attended  by  increased  capacity  for  heat,  or, 
in  other  words,  by  the  production  of  cold.  Air,  suddenly  compressed  by 
the  piston  of  a syringe,  evolves  so  much  heat  as  to  inflame  combustibles 
exposed  to  it ; but  if  we  suspend  a thermometer  in  the  receiver  of  the 
air-pump,  we  find  that,  during  exhaustion,  the  rarefaction  or  expansion 
which  the  air  suffers,  causes  a diminution  of  several  degrees  of  temper- 
ature ; and  this  is  one  reason  why  the  air  in  the  higher  regions  is  cooler 
than  that  below.  As  it  ascends  from  the  earth  it  expands ; and  in 
expanding,  its  capacity  for  heat  is  increased : it  therefore  cools  itself. 
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as  well  as  the  surrounding  bodies.  The  Andes,  placed  almost  under  the 
line,  rise  in  the  midst  of  burning  sands  ; about  tlie  middle  height  is  a 
pleasant  and  mild  climate ; the  summits  are  covered  with  unchanging 
snows ; and  these  ranges  of  temperature  are  always  distinct.  The  hot 
winds  from  below,  if  they  ascend,  become  cooled  in  consequence  of  ex- 
pansion ; and  the  cold  air,  if  by  any  force  of  the  blast  it  is  driven  down- 
wards, is  condensed  and  rendered  warmer  as  it  descends. 

When  hot  steam  suddenly  issues,  under  great  pressure,  from  a small 
aperture  into  the  atmosphere,  its  instantaneous  expansion  so  far  cools  it, 
that,  instead  of  scalding  the  hand  held  in  it,  as  is  the  case  with  ordinary 
steam,  it  scarcely  feels  warm.  But  the  most  remarkable  case  of  the 
production  of  cold  by  the  sudden  expansion  of  a vapor  is  furnished  by 
the  sudden  escape  of  carbonic  acid  in  its  passage  from  the  liquid  to  the 
gaseous  state,  and  its  consequent  solidification. — (See  Carbonic  Acid). 

An  analogous  case  is  furnished  by  the  Fountain  of  Hiero,  as  it  is 
called,  at  Schenmitz,  in  Hungary.  A part  of  the  machinery  for  working 
these  mines  is  a perpendicular  column  of  water,  260  feet  high,  which 
presses  upon  a quantity  of  air  enclosed  in  a tight  reservoir  : the  air  is  con- 
sequently greatly  condensed  by  this  height  of  water,  which  is  equal  to 
between  eight  and  nine  atmospheres  ; and  when  a pipe  communicating 
with  this  reservoir  of  condensed  air  is  suddenly  opened,  it  rushes  out 
with  extreme  velocity,  instantly  expands,  and  in  so  doing  it  absorbs  so 
much  heat  as  to  precipitate  the  moisture  it  contains  in  a shower  of  snow, 
which  may  be  gathered  on  a hat  held  in  the  blast.  The  force  of  this  is 
so  great,  that  the  workman  who  holds  the  hat  is  obliged  to  lean  his  back 
against  the  wall,  to  retain  it  in  its  position. 

If  the  blast  from  an  air-gun  he  directed  upon  a delicate  thermometer, 
it  sinks  it  a few  degrees,  from  the  cold  produced  by  the  sudden  expansion 
of  the  air. 


§ 8.  Effects  of  Heat  in  changing  the  form  of  Bodies. 

Latent  Heat. 


Having  described  the  phenomena  attendant  upon  the  expansion  of 
bodies  by  heat,  and  its  propagation  through  liquids  and  gases  by  con- 
vection or  change  of  density,  and  through  solids  by  their  conducting 

powers,  we  may  now  proceed  to  ils  effects  uj)on  the  forms  or  states  of 

bodies. 

When  solids  are  exposed  to  a certain  degree  of  heat,  they  change  their 
state,  and  are  converted  into  liquids;  and  liquids^  under  the  same  cir- 
J cumstances,  are  changed  into  vapors  or  elastic  fluids : these  again,  by 
il  the  loss  of  heat,  revert  to  the  liquid  state ; and  liquids,  by  due  degrees 
ij  of  cold,  are  solidified*,  /cc,  water and  steam  are  familiar  instances  of 

i these  three  states  of  matter,  and  the  phenomena  attendant  on  their 

I production  may  be  discussed  under  the  heads  Liqnf action  and 
1 Vaporization. 


* It  is  probable  that  all  substances  are 
li  susceptible  of  these  changes;  though,  on 
1 the  one  hand,  the  temperature  required  for 
' the  liquifaction  and  evaporation  of  some 
!’  solids  is  extremely  high;  and  on  the  other, 
:i  the  temperature  required  for  the  reduction 
1 of  many  gases  to  the  liquid  state  unattain- 

VoL.  L 


ably  low.  Fusion  is  sometimes  preceded 
by  a softening  of  texture  so  as  to  admit  of 
adhesion  by  welding,  as  in  porcelain, 
glass,  iron,  and  platinum:  and  certain  so- 
lids which  are  very  volatile  rise  in  vapor 
before  fusion;  in  order  to  liquify  them, 
tW;y  require  to  be  heated  under  pressui'e. 

V 
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LATENT  HEAT  OF  WATER. 


§ 9.  Liquifaction. 

One  important  fact  respecting  the  conversion  of  ice  into  water  has 
already  been  mentioned,  in  describing  the  method  of  graduating 
thermometers,  namely,  that  during  the  progress  of  thawing,  the  ice 
and  the  water  always  maintain  an  uniform  temperature,  which  is  equal 
to  32°  of  Fahrenheit’s  scale.  Suppose,  for  instance,  that  we  bring  some 
pounded  ice  from  a very  cold  place  (say  of  the  temperature  of  0°)  into  a 
room  of  the  temperature  of  60°,  the  ice,  of  course,  soon  begins  to  liquify, 
and  a thermometer  plunged  into  it  rises  from  0°  to  32° ; but  there  it 
remains  stationary  until  the  whole  of  the  ice  has  melted : the  water  thus 
formed,  then  gradually  rises  to  60°,  which  is  the  temperature  of  the 
surrounding  air.  Now  it  is  obvious,  that  during  the  whole  process  of 
thawing,  heat  must  be  entering  the  ice,  but  its  effect  is,  not  to  elevate 
its  temperature,  but  to  melt  it : the  heat  apparently  combines  with  the 
ice,  to  constitute  water,  but  it  does  not  affect  the  thermometer. 

To  heat  thus  united  with  bodies.  Dr.  Black  gave  the  name  of  latent 
or  comhined  heat;  and  he  instituted  a number  of  experiments  upon  the 
subject  of  liquifaction  and  congelation,  one  or  two  of  which  may  be  here 
detailed  : they  are  at  once  simple  and  satisfactory. 

Two  similar  glass  globes  were  filled,  the  one  with  five  ounces  of 
water,  which  was  afterwards  frozen,  and  the  other  with  water  cooled 
down  to  below  33°,  so  as  just  not  to  be  frozen.  That  which  contained 
the  ice  was  allowed  to  remain  in  a warmer  air,  till  the  ice  began  to  melt, 
at  which  time  its  temperature  was  32°.  The  two  vessels  were  then  sus- 
pended in  the  middle  of  a large  room  without  a fire,  or  any  notable 
draught  of  air,  and  of  the  temperature  of  47°.  The  vessels,  therefore, 
were  under  similar  circumstances  of  temperature  within  and  without, 
and  with  similar  contents,  except  that  the  one  contained  ice,  and  the 
other  water.  The  progress  of  heating  was  then  noted.  In  that  which 
held  the  water,  the  thermometer  rose  in  half  an  hour  to  40°;  but,  in 
the  other,  it  took  no  less  than  ten  hours  and  a before  all  the  ice  was 
melted,  and  the  contents  had  reached  40°.  Consequently,  the  rate  of 
heating  was  twenty-one  times  slower  in  the  ice-vessel  than  in  that  which 
held  the  cold  water ; but  the  actual  heat  received  by  the  former  was 
obviously  nearly  uniform  the  whole  time ; and,  therefore,  it  required 
about  twenty-one  times  as  much  heat  to  bring  ice  to  the  state  of  water, 
and  to  raise  it  to  40°,  as  to  raise  ice-cold  water  to  the  same  point.  Or, 
to  express  it  by  another  form  : if  the  water  had  continued  to  receive  as 
great  an  influx  of  heat  as  the  ice  during  the  whole  twenty- one  half 
hours,  its  temperature  would,  of  course,  have  been  raised  twenty-one 
times  as  much  as  during  the  single  half  hour;  and,  as  this  was  7°?  the 
whole  would  have  been  twenty- one  times  7°^  or  147°.  The  difierence 
between  the  gain  of  temperature  in  the  ice  and  the  water,  with  equal 
accessions  of  heat,  is  therefore  about  140° ; and  thus  140°  is  the 
expression  of  that  quantity  of  thermometric  heat  or  temperature,  which 
disappears,  or  is  rendered  latent  by  the  separate  operation  of  the  liqui- 
faction of  ice ; the  actual  quantities  of  matter  in  the  comparison  being 
equal.  (Black’s  Lectures.) 

The  conclusions  drawn  from  this  slow  thawing  of  ice,  were  verified  and 
confirmed  by  melting  it  rapidly  by  mixture  with  hot  water.  Thus,  if  we 
take  any  quantity  of  finely-pounded  ice,  or  snow,  at  the  temperature  of 
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32°,  and  mix  it  with  an  equal  weight  of  hot  water,  at  a temperature 
of  172°,  the  snow  melts,  and  the  temperature  of  the  resulting  w'ater  is 
only  32°.  Here,  therefore,  the  water  suddenly  loses  140°  of  heat,  while 
the  temperature  of  the  snow  remains  as  at  the  outset  of  the  experiment. 
So  that  140°  of  heat  haye  disappeared ; they  have  combined  with  the 
snow ; and  their  effect  has  l^een,  not  to  raise  its  thermometric  temj)erature^ 
hut  to  convert  it  into  water.  Ice,  therefore,  when  it  is  converted  into 
water,  absorbs  and  combines  with  a certain  proportion  of  sensible  heat, 
and  renders  it  latent.  The  exact  number  of  thermometric  degrees  of 
heat  which  disappear  during  the  liquifaction  of  ice  have  been  somewhat 
differently  estimated  by  different  experimentalists.  Thus,  Provostaye 
and  Regnault  place  it  at  about  142°. 

From  such  experiments  we  deduce  this  general  law — that  in  all  cases 
of  liquifaction.^  a quantity  of  heat  not  indicated  hy.^  or  sensible  to.,  the 
thermometer.,  is  absorbed  or  disappears  ; and  that  this  heat  is  withdrawn 
from  the  surrounding  bodies.,  leaving  them  comparatively  cold. 

Accordingly,  an  analogous  disappearance  of  heat  is  observed  where  the 
temperatures  are  comparatively  high ; spermaceti,  for  instance,  fuses  at 
1 12°,  and  retains  that  temperature  during  its  fusion,  so  long  as  any  portion 
remains  unmelted : when  the  whole  is  liquid,  and  not  till  then,  its  tem- 
perature may  be  elevated  above  the  fusing-point.  Again,  a ladleful  of 
lead  cannot  be  heated  red-hot  till  all  the  metal  is  melted ; and  a quantity 
of  red-hot  melted  lead  is  instantly  cooled  down  to  its  point  of  fusion 
(which  is  about  612°)  by  the  addition  of  a piece  of  solid  lead. 

That  the  heat  which  becomes  insensible,  or  latent,  during  the  liqui- 
faction of  ice  and  other  solids,  remains  in  the  liquid,  and  is  not  lost  or 
destroyed,  is  shown  by  the  circumstance  of  its  being  again  emitted,  or 
given  out,  during  their  congelation.  If  a vessel  of  warm  water  be  exposed 
in  a very  cold  atmosphere,  the  temperature  rapidly  sinks  to  the  freezing- 
point,  and  then  it  begins  slowly  to  congeal : if  kept  in  the  same  situation, 
heat  is  of  course  abstracted  as  before  ; but  the  thermometric  heat  remains 
stationary  at  about  32°,  till  the  whole  is  frozen,  after  which  the  tempera- 
ture of  the  ice  begins  again  to  sink. 

Perhaps  the  result  of  this  experiment  is  more  explicitly  stated  as 
1 follows  If,  when  the  thermometer  is  at  22°,  we  expose  a vessel  full 
‘ of  water  at  52°  to  the  open  air,  and  beside  it  another  vessel  full  of  brine., 
I'  at  the  same  temperature,  with  thermometers  in  each,  we  shall  find  that 
ii  both  of  them  gradually  lose  heat,  and  are  cooled  down  to  32°.  After  this 
h the  brine  (which  does  not  freeze  till  cooled  down  to  4°)  continues  to  cool 
^ without  interruption,  and  gradually  reaches  22°,  the  temperature  of  the 
H air ; but  the  pure  water  remains  stationary  at  32° ; it  freezes,  indeed,  but 
very  slowly ; and  during  the  whole  process  its  temperature  is  32°.  Now 
N why  should  one  liquid  refuse,  all  of  a sudden,  to  give  out  heat,  and  not 
the  other  ? Is  it  not  much  more  probable  that  the  water,  as  it  freezes, 
^ gradually  gives  out  the  heat  which  it  had  absorbed  during  its  liquifaction, 
I and  that  this  evolution  maintains  the  temperature  of  the  w^ater  at  32°, 
J1  notwithstanding  w^hat  it  parts  with  to  the  air  during  the  whole  process  ? 
; It  is  easily  shown  that  water,  while  congealing,  is  constantly  imparting 
! heat  to  the  surrounding  air;  for  a delicate  thermometer  suspended  above 
:i  it  is  constantly  affected  by  an  ascending  stream  of  air  less  cold  than  the 
!'  air  around.  (Thomson  on  Heat.) 
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CONGELATION. 


The  following  experiment  also  shows  that  this  evolution  of  heat 
actually  takes  place  during  congelation.  (Blagden,  Phil.  Trans. ^ 1798.) 
If,  when  the  air  is  at  22°,  we  expose  to  it  a covered  glass  of  water,  with 
a thermometer  in  it,  the  water,  if  kept  quite  still,  may  be  gradually 
cooled  down  to  22°  without  freezing.  It  is,  therefore,  ten  degrees 
below  the  freezing-point.  If  the  water  be  now  shaken,  part  of  it  in- 
stantly freezes,  and  the  temperature  of  the  whole  rises  to  32°  ; so  that 
the  water  acquires  10°  of  heat  in  an  instant.  Now,  whence  comes  this 
heat  ? Is  it  not  evident  that  it  is  derived  from  that  part  of  the  w^ater 
which  suddenly  froze;  and  consequently,  that  water  in  the  act  of  freezings 
gives  out  heat  f 

There  are  many  instances  of  the  sudden  or  rapid  liquifaction  of 
bodies,  in  which  the  absorption  of  heat,  or  production  of  cold,  are  more 
remarkable  and  striking  than  in  the  cases  above  detailed.  When  finely- 
powdered  common  salt,  for  instance,  is  mixed  with  pounded  ice  or  snow, 
a sudden  liquifaction  of  the  solids  ensues,  and  a proportionate  production 
of  cold ; they  immediately  run  down  into  brine,  which  does  not  freeze 
till  reduced  to  nearly  0° ; and  a thermometer  plunged  into  the  mixture 
sinks  nearly  to  that  point.  We  sometimes  avail  ourselves  of  this  process, 
to  remove  hard  trodden  snow  from  the  pavement  in  winter : it  is  soon 
liquified  by  sprinkling  a little  salt  upon  it,  and  the  temperature  of  the  air 
is  seldom  low  enough  to  freeze  the  brine  which  is  produced.  Con- 
fectioners employ  the  mixture  of  ice  and  salt  to  freeze  cream  in  the  hot 
weather  of  summer ; and  the  same  system  is  conveniently  resorted  to 
whenever  considerable  cold  is  required.  The  production  of  cold  by  the 
liquifaction  of  metals  ma}^  be  well  shown  by  melting  together  207  parts 
of  lead,  118  of  tin,  and  284  of  bismuth ; these  form  on  cooling  a brittle 
alloy,  which  when  reduced  to  powder  and  dissolved  in  1617  parts  of 
mercury  at  the  temperature  of  60°,  produce  a liquid  amalgam  the  tem- 
perature of  which  falls  to  14°. 

In  the  case  of  the  disappearance  of  heat  caused  by  the  sudden  for- 
mation of  liquid  brine  from  its  solid  constituents,  the  bodies  being  already 
cooled  to  32°,  the  thermometer  sinks  about  30°,  or  to  0°.  It  was  once 
supposed  that  this  was  the  lowest  temperature  that  could  be  artificially 
commanded ; and  hence,  probably,  Fahrenheit’s  thermometric  scale  sets 
out  with  it : but  we  now  know  that,  by  careful  management,  the  mixture 
of  certain  materials  will  afford  a much  more  intense  cold.  Among  the 
most  effective  of  these  is  the  mixture  of  snow  and  the  salt  called  chlo- 
ride of  calcium  or  muriate  of  lime:  the  snow  should  be  taken  in  its  light 
flocculent  state,  as  it  falls  in  a very  cold  wnnter’s  day;  and  the  chloride 
in  fine  powder,  but  not  deprived  of  all  its  winter  of  crystallization,  should 
be  mixed  with  it  in  the  proportion  of  about  three  parts  to  two : the  mix- 
ture should  be  made  in  earthen  vessels,  previously  cooled,  and  in  the 
lowest  atmospheric  temperature  we  can  command  ; the  thermometer  will 
then  sink  from  32°,  to  between  40°  and  50°  below  0°,  a temperature  at 
which  mercury  freezes.  By  the  successive  application  of  freezing 
mixtures  in  a proper  apparatus.  Walker  succeeded  in  sinking  the 
spiiit-thermometer  to  — 91°;  a temperature  at  which  nearly  all  liquids 
are  converted  into  the  solid  form.  The  following  table  shows  some 
of  the  most  useful  of  these  freezing  mixtures,  and  the  temperatures 

careful  application.  (Phil.  Trans.,  179.5  and 

loOl.) 
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Mixtui’es. 

Therm,  sinks. 

Parts. 

Sal  ammoniac 

5 

1 From 

( 50°  to  10° 

Nitre  

Water  

5 

16J 

Nitrate  of  ammonia 

1] 

' From 

Water  

IJ 

' 50°  to  4°. 

Sulphate  of  soda  .... 

5) 

From 

Diluted  sulphuric  acid 

4j 

' 50°  to  3°. 

Snow  

11 

1 From 

Common  salt 

IJ 

1 32°  to  0°. 

Muriate  of  lime 

3] 

i From 

Snow  

2J 

1 32°  to  -50°. 

Mixtures.  Therm,  sinks, 

farts. 

Snow  2 

Diluted  sulphuric  acid  1 
Diluted  nitric  acid...,  1 

Snow  or  pounded  ice  12 

Common  salt 5 

Nitrate  of  ammonia  5 

Snow  1 ) From 

Muriate  of  lime 3 J — 40°  to  — 73°. 

Diluted  sulphuric  acid  10 ) From 
Snow  8 j —68°  to —91°. 


JFrom 
18°  to  -25°. 


(From 
-10°to  -56°. 


Whenever  ice  can  be  procured,  its  mixture  with  common  salt  fur- 
nishes the  cheapest  and  most  effectual  freezing  mixture^;  but  when  it 
cannot  be  obtained,  we  often  conveniently  avail  ourselves  of  the  two 
first  saline  combinations  in  the  preceding  table  : either  the  mixture  of 
sal  ammoniac  and  nitre  or  of  nitrate  of  ammonia  and  water,  may  be  used, 
and  the  salts  again  be  obtained  by  evaporation.  In  employing  them  to 
cool  a bottle  of  champagne,  for  instance,  a vessel  should  be  selected  a little 
larger,  and  nearly  as  tall  as  the  bottle  ; it  should  then  be  filled  with  the 
coldest  water  that  can  be  procured,  and  the  bottle  placed  in  it:  about 
four  ounces  of  the  salt  in  fine  powder  should  be  sprinkled  upon  the 
shoulder  of  the  bottle,  so  as,  gradually  dissolving,  to  fall  or  run  down  its 
sides;  as  the  salt  dissolves,  the  bottle  should  be  gently  turned  in  the 
mixture,  and  kept  in  it  till  an  immersed  thermometer Jtells  us  that  the 
temperature  is  rising,  which  will  be  in  about  twenty  minutes  or  half  an 
hour.  A table  of  the  cold  produced  by  dissolving  sulphate  of  soda  in 
dilute  sulphuric  acid,  by  Professor  Bischof  of  Bonn,  will  be  found  in  Dr. 
Thomson's  Outline  of  the  Sciences  of  Heat  and  Electricity.  “Avery 
convenient  process  for  freezing  a little  water  without  the  use  of  ice  is  to 
drench  finely  powdered  (crystals  of)  sulphate  of  soda  with  the  undiluted 
hydrochloric  acid  of  the  shops.  The  salt  dissolves  to  a greater  extent  in 
this  acid  than  in  water,  and  the  temperature  may  sink  from  50°  to  0°. 
The  vessel  in  which  the  mixture  is  made  becomes  covered  with  hoar- 
frost, and  water  in  a tube  immersed  in  the  mixture  is  speedily  frozen." 
(Guaiiam.) 

As  liquifaction  is  to  surrounding  bodies  a cooling  process,  and  as 
sudden  liquifaction  produces  sudden  cold,  so  solidification  or  congelation 
is  to  surrounding  substances  a healing  process ; and  when  it  takes  jilace 
suddenly,  a proportionably  sudden  elevation  of  temperature  is  the  conse- 
quence. In  the  experiment  described  in  page  10,  a solution  of  Glauber’s 
salt  is  made  suddenly  to  crystallize  ; and  if  the  hand  be  applied  to  the 
flask,  it  will  be  found  to  become  sensibly  warm.  In  this  case  the  heat 
evolved  is  chiefly  referable  to  the  water  which  solidifies  and  constitutes 
the  water  of  crystallization  of  that  portion  of  the  salt  which  separates  in 
crystals.  When  alcohol  is  added  to  a saturated  solution  of  sulphate 
of  potassa,  the  salt  is  precipitated  in  the  solid  form,  and  the  mixture 
becomes  warm.  A strong  solution  of  tartaric  acid  added  in  excess  to  a 


* For  the  I'roduction  of  the  most  intense  degree  of  cold,  see  Solid  Carbonic  Acid. 
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strong  aqueous  solution  of  ammonia  is  attended  by  the  sudden  deposition 
of  solid  bitartrate  of  ammonia  and  much  heat  is  evolved*.  When  water 
is  poured  upon  quick-lime,  a sudden  solidification  of  a large  portion 
of  water  is  effected  in  consequence  of  its  attraction  for  the  lime,  w'hich 
crumbles  down  into  a dry  white  powder,  and  a great  evolution  of  heat 
ensues,  as  we  see  by  the  steam  which  makes  its  escape  in  the  ordinary 
operation  of  slaking  lime.  When  water  is  poured  upon  sulphate  of  copper, 
or  sulphate  of  magnesia,  or  sulphate  of  soda,  previously  deprived  by  heat 
of  their  water  of  crystallization,  much  heat  is  evolved  in  consequence  of 
their  resuming  it : in  this  case  also  the  water  suddenly  passes  from  the 
liquid  to  the  solid  state.  A liquid  alloy  of  sodium  and  potassium  brought 
into  contact  with  mercury,  forms  a hard  brittle  solid,  with  great  elevation 
of  temperature. 

In  some  cases  the  same  substances,  in  different  states,  may  alternately 
produce  heat  and  cold ; thus,  in  the  case  just  cited  of  the  production 
of  heat  by  sprinkling  dry  sulphate  of  soda  wdth  w^ater,  the  salt  regains  and 
solidifies  its  water  of  crystallization ; but  the  solution  of  crystallized  sul- 
phate of  soda  in  water  is  attended  by  diminution  of  temperature:  the 
same  happens  with  dry  and  with  crystallized  sulphate  of  magnesia  : so 
also  when  snow  and  concentrated  sulphuric  acid  are  mixed,  heat  is 
evolved ; but  a further  addition  of  snow  to  the  acid  in  a certain  state  of 
dilution  produces  cold  ; in  the  former  case  the  effect  of  the  affinity  of  the 
acid  for  water,  and  the  resulting  increase  of  density,  preponderates ; in  the 
latter,  the  sudden  liquifaction  of  the  snow. 

From  the  view,  then,  which  we  have  taken  of  the  constitution  of 
liquids^  it  is  obvious  they  7nay  he  considered  as  combinations  of  solids 
with  heat;  that,  consequently,  when  they  revert  to  the  solid  state,  they 
give  out  their  heat  of  fluidity^  which,  pVeviously  latent^  or  insensible  to 
the  thermometer,  now  becomes  sensible^  in  consequence  of  the  change  of 
state  : on  the  other  hand,  when  the  solids  are  converted  into  liquids,  they 
absorb  or  combine  with  that  portion  of  heat  which  is  requisite  to  their 
respective  fluidities.  Thus,  the  heat  of fnidity  or  latent  heat  of  water  is 
140°,  and  that  of  the  following  substances  in  their  liquid  state  has  been 
determined  by  Irvine,  namely,  sulphur  144°,  spermaceti  145°,  lead  162°, 
wax  175°,  zinc  493°,  tin  500°,  bismuth  550°.  The  congealing  and  liqui- 
fying points  of  different  substances  will  be  found  under  their  individual 
heads,  in  subsequent  parts  of  this  work. 

§ 10.  Vaporization. 

Let  us  next  examine  the  effects  of  heat  upon  liquids.  When  liquids 
are  heated,  they  are  converted  with  more  or  less  facility  into  invisible 
elastic  fluids,  or  vapors.  When  water  is  heated  in  open  vessels,  its 
ternperature  gradually  rises,  and  vapor  is  seen  to  form  on  its  surface, 
which  increases  till  the  thermometer  rises  to  about  212°,  which  is  called 
the  boiling-point  of  water:  it  is  then  violently  agitated,  and  gradually 
evapoiates  in  the  form  of  steam:  but,  although  the  source  of  heat  is  con- 
tinued, the  temperature  of  the  water  remains  stationary,  and  both  it,  and 


* In  some  measure  connected  with  these 
subjects,  and  with  that  of  specific  heat,  are 
“ the  thermal  changes  accompanying  basic 


substitutions.'^  Andrews.  Phil.  Trans.. 
1844,  p.  21.  Graham.  Mem.Chem.  Soc.. 
I.  106.  II.  51. 
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the  steam,  continue  at  212°.  There  are,  therefore,  in  this  simple  opera- 
tion, two  leading  circumstances  to  be  attended  to,  namely,  the  degree  of 
expansion  which  the  w’ater  suffers  by  conversion  into  vapor;  and  the 
cause  of  that  uniformity  of  temperature  to  which  we  have  adverted,  and 
which  has  been  above  noticed  as  furnishing  one  of  the  fixed  points  for 
thermometric  graduation. 

In  regard  to  the  hulk  of  steam  formed  by  a given  bulk  of  water,  it 
appears,  from  the  experiments  of  Gay  Lussac,  that  a cubic  foot  of  water 
is  convertible  into  1689  cubic  feet  of  steam,  at  the  temperature  of  212° 
(the  barometer  standing  at  29‘9  inches).  Watt  conceived  the  bulk 
of  steam  to  be  about  1800  times  that  of  the  water;  and  others  have  far 
exceeded  even  Watt’s  estimate:  we  may,  however,  adopt  that  of  Gay 
Lussac  as  the  most  accurate.  It  is  generally  stated,  that,  in  round  num- 
bers, a cubic  inch  of  water  yields  nearly  a cubic  foot  of  steam,  at  common 
atmospheric  pressure,  (the  cubic  foot  being  1728  cubic  inches.)  Other 
liquids  form  dilferent  volumes  of  vapor ; alcohol,  for  instance,  gives  493 
times  its  volume,  ether  about  212,  and  oil  of  turpentine  192,  each  at  the 
temperature  of  212°.  It  is  obvious,  therefore,  that  these  vapors  will 
differ  materially  in  their  respective  densities.  Steam  is  lighter  than  air, 
at  the  same  temperature  and  pressure,  in  the  proportion  of  about  10  to 
16;  the  density  of  steam  to  that  of  air  being  as  625  to  1000.  On  the 
contrary,  the  vapors  of  alcohol,  ether,  and  oil  of  turpentine  are  much 
heavier  than  air,  the  specific  gravity  of  the  first  being  LOO,  that  of  the 
second  2*58,  and  of  the  third  5*01,  in  reference  to  air  as  unity. 

Steam  is  an  invisible  elastic  Jinid  like  common  ah\  and  possessed  of 
similai'  mechanical  properties.  We  are,  it  is  true,  in  the  habit  of  asso- 
ciating a smoky  appearance  with  steam,  because  we  generally  observe  it 
when  it  is  beginning  to  be  condensed ; as  when  it  escapes,  for  instance, 
from  the  spout  of  a tea-kettle ; but,  when  perfectly  formed,  it  is  quite 
invisible,  as  may  be  shown  by  boiling  w^ater  in  a glass  flask,  when  perfect 
transparency  will  exist  in  the  upper  part  of  the  vessel  which  is  filled  with 
the  hot  vapor;  and  it  only  becomes  visible  when  it  escapes  Into  the  air, 
and  suffers  incipient  condensation. 

The  same  general  fact,  in  regard  to  the  visibility  of  vapor,  is  shown 
by  the  production  of  fogs.^  which  are  occasioned  by  the  mixture  of  warm 
with  cold  air ; the  general  depression  of  temperature  thus  produced, 
rendering  the  aqueous  vapor  visible,  in  consequence  of  its  partial  con- 
densation. This  partial  condensation  does  not  amount  to  the  actual 
precipitation  of  water,  or  rain;  but  consists  in  the  formation  of  a multi- 
tude of  thin  vesicles;  and  hence  the  appearance  is  often  called  vesicular 
vapor:  it  constitutes  cloud,  mist,  and  fog.  Clouds.,  therefore,  are  formed, 
whenever  two  masses  of  air,  of  different  temperatures,  and  each  saturated 
with  moisture,  meet  and  mix  together ; but  what  it  is  that  subsequently 
causes  the  condensation  of  the  vesicular  vapor,  and  its  precipitation  in  the 
form  of  rain,  is  not  exactly  known*. 


* “A  mist  or  cloud  consists  not  of  so- 
lid drops,  but  of  a multitude  of  very  thin 
vesicles  of  ^vater,  similar  to  soap-bubbles. 
If  clouds  and  fogs  consisted  of  drops,  their 
precipitation  vpould  be  rapid;  for  a drop 
whose  diameter  amounted  to  a thousandth 


part  of  an  inch  would  acquire  a velocity  of 
nine  or  ten  feet  per  second : whereas  we 
see  clouds  hover  at  a small  elevation  for 
hours  ; and  they  are  transported  from  the 
sea,  lake,  river,  or  marsh,  from  which  they 
are  raised,  far  into  the  country,  or  to  the 
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Steam^  as  we  have  said,  is  produced  hy  heating  water  to  212°  under 
common  barometrical  pressure,  the  thermometer  remaining  fixed  at  that 
point,  which  is,  therefore,  called  the  boiling-point  of  water.  iDut  this  pointy 
or  teJnperature^  va7'ies  ivitlp  and  is  immediately  dependetit  upon^  the  pres- 
sure to  which  the  surj^ace  of  the  water  is  exposed;  it  is  also,  to  a small 
extent,  affected  by  the  nature  of  the  vessel  containing  the  water.  (Gay 
Lussac,  A)in.  Ch.  el  Ph.,  vii.  307 ; Quarlerly  Journal,  v.  361.)  Thus  in  a 
glass  flask  the  boiling-point  is  proportionately  high  and  irregular,  but  upon 
throwing  in  a few  metallic  filings,  pieces  of  wire,  or  other  finely-divided 
and  insoluble  materials,  the  generation  of  steam  is  facilitated,  and  the 
boiling-point  falls  to  its  standard.  Dr.  Bostock  observed  an  analogous 
effect  in  ether  and  alcohol.  {An?i.  of  Phil.,  N.  S.,  ix.  196.)  Ether,  heated 
in  a glass  vessel,  had  its  boiling-point  lowered  several  degrees  by  intro- 
ducing a few  shavings  of  cedar;  and  alcohol  of  the  specific  gravity  of 
*849  had  its  boiling-point  reduced  in  the  same  way  between  30°  and  40°. 
If  oil  he  present  with  water,  the  boiling-point  is  always  raised  a few 
degrees.  (Scrtmgeour.) 

The  influence  of  the  quality  of  the  surface  of  the  vessel,  its  cleanli- 
ness, and  other  circumstances,  upon  the  boiling-point  of  water,  and  other 
liquids,  has  also  been  examined  by  F.  Marcet.  {Ann.  Ch.  et  Ph.,  3 S., 
V.  449.)  He  found  that  in  glass  flasks  the  boiling-point  of  water  varied 
with  the  quality  of  the  glass,  fluctuating  between  1()0’3  and  102°  of  the 
centigrade  scale,  and  that  the  temperature  of  the  produced  vapor  was  always 
somewhat  lower  than  that  of  the  water  affording  it,  except  in  vessels  thinly 
coated  with  sulphur,  lac,  or  other  material  having  no  adhesive  attraction  for 
water ; in  these  cases  only  the  temperature  of  the  water  and  its  vapor  are 
the  same,  and  in  them  the  boiling-point  is  sensibly  lower  than  in  clean 
metallic  vessels.  If  a glass  vessel  be  perfectly  cleansed  by  solution  of 
potassa,  or  by  sulphuric  acid,  and  all  chemical  and  mechanical  impurities 
in  that  way  removed,  water  may  be  raised  in  it  without  boiling,  to  105°, 
( = 220°  Fahrenheit.)  In  all  these  cases  the  degree  of  adhesum  between 
the  water  and  its  containing  vessel,  appears  to  be  the  cause  of  the  fluc- 
tuations 111  the  temperature  at  which  actual  boiling  ensues. 

The  influence  of  fluctuations  in  the  barometer  upon  the  boiling-point 
of  water,  is  shown  in  the  following  table  : — 

Barometrical  pressure,  Temperature  at  which 

in  inches  of  mercury.  water  boils. 

2774  208^ 

28- 29  209 

28*84  210 

29- 41  211 

29- 80  212 

30- 6} 213 

Of  course,  therefore,  we  find  considerable  diminution  in  the  boiling- 
point  of  water  upon  the  summits  of  hills  and  mountains,  and  other  ele- 
vated situations;  and  a very  delicate  thermometer  indicates  a lowering 


tops  of  the  mountains,  whei'e  the  requisite 
supply  of  moisture  cannot  be  had  in  any 
other  way.  Saussure,  while  travelling  in  the 
Alps,  happened  to  be  enveloped  in  a mist 
which  was  almost  stagnant.  He  w-as  asto- 
nished at  the  size  of  the  drops,  as  bethought 
them,  and  at  seeing  them  float  slowly  past 


him  without  falling  to  the  ground.  Some 
of  them  were  larger  than  the  largest  peas. 
Catching  them  in  his  hand,  he  found  them 
to  be  bladders,  inconceivably  thin.  Indeed, 
the  optical  phenomena  exhibited  by  clouds 
and  mists  show  that  they  are  of  a vesicular 
structure. (Thomson.) 
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of  the  boiling-point  even  at  the  top  of  high  buildings.  The  Pev.  Mr. 
Wollaston  has  described  the  method  of  constructing  a thermometer  of 
extreme  delicacy,  applicable  to  these  purposes.  (P/^^7.  Trans. ^ 1817*) 
Saussure  found  that,  at  the  top  of  Mont  Blanc,  water  boiled  at  I87°-  It 
appears  from  the  above  table  that  for  every  inch  of  variation  in  the 
barometer,  the  boiling-point  of  water  varies  L76  degrees;  consequently, 
every  tenth  of  an  inch  that  the  barometer  rises  or  falls,  either  elevates  or 
depresses  the  boiling-point  by  about  0T76  of  a degree;  even  the  ordinary 
changes,  therefore,  in  the  height  of  the  barometer  will  materially  alfect 
the  boiling-point.  In  this  country  the  mean  height  of  the  barometer  is  a 
little  short  of  30  inches:  it  very  rarely  rises  as  high  as  31  inches,  or 
falls  below  28*5  ; so  that  from  this  cause  alone,  there  will  be  a variation 
in  the  boiling-point  of  water  of  between  four  and  five  degrees. 

All  essential  details  respecting  the  boiling-points  of  individual  liquids 
will  be  given  under  the  separate  heads  of  the  substances  themselves. 

The  hoiling-points  of  various  saline  solutions  are  partly  dependent 
upon  the  quantity  and  partly  upon  the  nature  of  the  salt  dissolved,  and 
the  steam  arising  from  them  has  the  same  temperature  as  that  of  the  boiling 
solution.  (Faraday.  Gay  Lussac,  Ann.  of  Fhil.^  N.  S.,  v.  7-^-)  The 
boiling-points  of  a number  of  saturated  solutions  of  salts  have  been 
determined  by  T.  Griffiths,  of  which  a table  is  given  in  the  Quarterly 
Journal.^  xviii.  90.  The  following  are  a few  of  the  results 


Dry  salt  in  100 

Boiling- 

Dry  salt  in  100 

Boiling- 

Name  of  salt.  of 

solution. 

point. 

Name  of  salt. 

of  solution. 

point. 

Acetate  of  soda  

60  

...  256° 

Alum  

52  

...  220° 

Nitrate  of  soda 

...  60  .... 

...  246 

Chlorate  of  potassa. 

49  .... 

...  218 

Nitrate  of  potassa 

...  74  .... 

...  238 

Sulphate  of  copper 

.......  45  .... 

...  216 

Sal  ammoniac  

...  50  .... 

...  236 

Sulpliate  of  iron 

54  .... 

...  216 

Common  salt 

...  30  .... 

...  224 

Acetate  of  lead  .... 

42  .... 

...  215 

Sulphate  of  magnesia  . 

...  57  .... 

...  222 

Sulphate  of  soda.... 

31  .... 

...  213 

If,  as  has  already  been  remarked,  pressure  be  diminished  by  artificial 
methods,  the  temperature  at  which  liquids  boil  will  be  proportionately 
lowered;  and  hence  we  often  use  the  terms  boiling  and  ehuUition  to  signify 
the  rapid  conversion  of  water  into  vapor,  independent  of  the  temperature 
at  which  it  takes  place:  using  the  term  in  this  sense,  we  shall  presently 
have  occasion  to  point  out  a*ca,se  of  boiling  at  the  freezing  temperature. 

The  air-pump  is  a very  useful  instrument  for  showing  the  influence 
of  diminished  pressure  upon  boiling-points.  If,  for  instance,  we  place  a 
glass  of  water  of  the  temperature  of  90'^  or  100°  under  the  receiver  of  the 
air-pump,  and  remove  the  air  s pressure,  the  water  boils  violently  at  that 
temperature;  and  would  continue  so  to  do,  but  that  the  space  in  the 
receiver  becomes  filled  with  aqueous  vapor,  which,  exerting  its  pressure 
upon  the  water,  again  prevents  ebullition;  we  may,  however,  keep  up 
the  ebullition  by  continuing  to  abstract  the  vapor  by  the  pump. 

If  we  use  liquids  which,  under  ordinary  circumstances,  boil  at  tem- 
peratures below  that  of  water,  we  find  them  boiling  in  vacuo  at  propor- 
tionately low  degrees;  this  is  the  case  with  ether  nodi  with  r//co/zo/,  which, 
under  the  above  circumstances,  boil  at  all  common  temperatures. 

We  generally  apply  the  term  vapor  to  elastic  fluids  which  are  easily 
reconvertible  into  liquids : steam  is  easily  converted  into  water  by  lower- 
ing its  temperature  a few  degrees ; and  those  liquids  which  have  low 
boiling-points  are  especially  convenient  for  illustrating  these  changes ; 
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such,  for  instance,  as  ether  or  alcohol ; and  as  ether  is  only  sparingly 

soluble  in,  and  much  lighter  than  water,  it 
may  be  used  in  the  following  illustrative 
experiment.  Nearly  fill  a glass  tube  about 
three  feet  long,  and  half  an  inch  diameter, 
with  water;  then  pour  a little  ether  upon  the 
surface  of  the  water,  and  closing  the  open  end 
of  the  tube  carefully  with  the  palm  of  the 
hand,  invert  it  in  a basin  of  water,  as  shown 
in  fig.  84 : the  ether  will  rise  through  the 
water,  and  occupy  the  upper  end  of  the 
tube,  retaining,  at  common  temperatures, 
its  liquid  state ; but  if  we  now  pour  a little 
hot  water  upon,  or  hold  a heated  iron  near, 
the  exterior  of  the  tube,  it  presently  causes 
the  ether  within  to  boil,  and  its  vapor  may 
— v'-'r > made  to  drive  nearly  the  whole  of 

the  water  out  of  the  tube  into  the  basin  below : the  ether  retains  this 
elastic  or  vaporous  state,  so  long  as  its  temperature  is  sufficiently  high  ; 
that  is,  above  100°;  but  if  we  now  cool  the  tube,  by  suffering  some  cold 
water  to  dribble  over  it,  the  ethereal  vapor  returns  to  its  liquid  state, 
and  floats  upon  the  water  as  before.  At  temperatures  above  212°,  water 
would  be  in  the  same  predicament  as  ether. 

With  regard  to  the  bodies  usually  called  gases^  they  are  not  thus 
easily  condensible : a few  of  them  become  liquids  wffien  considerably 
cooled,  and  several  others  when  subjected  to  great  pressure;  but  at  ordi- 
nary temperatures  and  pressures  the  gases  are  permanently  elastic. 

The  following  apparently  paradoxical  experiment  illustrates  the  in- 
fluence of  diminished  pressure  in  facilitat- 
ing ebullition.  Insert  a stop-cock  securely 
into  the  neck  of  a Florence  flask  containing 
a little  water,  and  heat  it  over  a lamp  till 
the  water  boils,  and  the  steam  escapes 
freely  through  the  open  stop-cock ; then 
suddenly  remove  the  lamp  and  close  the 
cock ; the  water  soon  ceases  to  boil ; but  if 
the  flask  be  now  plunged  into  a vessel  of 
cold  water,  as  represented  in  fig.  85,  ebulli- 
tion instantly  recommences,  hut  it  again 
ceases  on  holding  the  flask  near  the  fire,  or 
over  the  lamp.  In  this  experiment  the  air 
is  driven  out  of  the  flask,  and  an  atmosphere  of  steam  included  within  it, 
which,  upon  immersion  in  cold  water,  is  condensed,  and  a vacuum  formed 
above  the  water,  which,  upon  the  principle  already  noticed,  boils  under 
the  diminished  pressure : the  vacuum  is  kept  up  by  the  successive  con- 
densations of  the  portions  of  steam  formed;  but  if  the  flask  be  re- 
moved from  the  cold  medium,  and  especially  if  it  be  warmed,  a new 
atmosphere  of  steam  is  formed,  the  pressure  of  which  prevents  ebullition. 

Boiling  in  a more  or  less  perfect  vacuum  is  sometimes  resorted  to 
upon  a large  scale  in  the  arts;  and  it  has  been  successfully  applied  to  the 
refining  of  sugar,  the  syrup  being  thus  concentrated  to  the  granulating 
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point,  without  the  risk  of  decomposing  it.  The  same  plan  has  been 
resorted  to  in  the  Pharmaceutical  Laboratory,  in  the  preparation  of  cer- 
tain medicinal  substances,  the  properties  of  which  are  easily  impaired  by 
heat.  Barry  has  described  a simple  and  effective  apparatus  for  these 
purposes,  in  the  Medico- Chirurgical  Transactions  (vol.  x.) 

If  we  reverse  the  state  of  things  just  explained,  and  expose  liquids  to 
increased  pressure^  we  proportionately  elevate  their  boiling-points.  Papin 
contrived  an  instrument  for  this  purpose,  called  a digester.  It  is  a cylin- 
drical copper  vessel,  having  a lid  very  nicely  fitted  to  it  and  secured  by 
screws,  in  which  is  a heavily- loaded  safety-valve.  If  such  a vessel  be 
about  half  filled  with  water,  with  the  lid  closely  secured,  and  then  put 
upon  the  fire,  steam  is  soon  formed ; but  having  no  escape,  it  presses 
upon  the  water,  and  prevents  the  further  formation  of  steam  till  the 
temperature  of  the  water  rises  above  the  boiling-point.  This  heat  being 
conveyed  to  the  steam,  it  now  receives  another  portion  of  vapor  without 
being  condensed,  and  thus  the  quantity  and  elasticity  of  the  steam  are 
continually  increasing  with  the  temperature.  Water  has  in  this  way 
been  raised  to  the  temperature  of  between  400°  and  500°.  Muschen- 
hroek  asserts  that  he  raised  the  temperature  of  the  water  high  enough  to 
melt  tin,  which  requires  a temperature  of  440°. 

The  powerful  effects  of  high-pressure  steam  are  illustrated  upon 
a small  scale  by  the  little  glass  bubbles  com- 
monly called  candle  or  Jir e-cr acker s ; they  86 

are  hermetically  sealed,  and  contain  a drop 
of  water,  which  occasions  them  to  burst  with 
great  violence,  when  sufficiently  heated.  But 
in  speaking  of  the  elastic  force  of  steam,  it 
must  be  recollected  that  it  does  not  in  itself  pos- 
sess greater  elasticity  than  air,  so  that  vessels 
filled  with  steam  only,  and  containing  no  water 
in  its  liquid  state,  may  be  heated  to  any  degree 
without  more  risk  than  if  they  only  contained  air. 

The  annexed  is  a form  of  apparatus  for  il- 
lustrating, within  certain  limits,  the  influence  of 
pressure  upon  the  temperature  of  steam:  <7,  fig. 

86,  is  a strong  brass  globe,  composed  of  two 
hemispheres  screwed  together  with  flanches;  a 
portion  of  quicksilver  is  introduced  into  it,  and 
it  is  then  about  half  filled  with  water:  5 is  a 
barometer- tube  passing  through  a steam-tight 
collar,  and  dipping  into  the  quicksilver  at  the 
bottom  of  the  globe:  c is  a thermometer  gradu- 
ated to  about  400°,  and  also  passing  through  an 
air-tight  collar:  c?  is  a stop-cock,  and  e a large 
spirit-lamp.  The  whole  is  supported  upon  the 
brass  frame  and  stand/i  Upon  applying  heat 
to  this  vessel,  the  stop-cock  being  closed  as  soon 
as  the  water  boils,  it  will  be  found  that  the 
temperature  both  of  the  ’water  and  of  its  vapor 
increases  with  the  pressure,  the  extent  of  ’which  is  measured  by  the  ascent 
of  the  mercury  in  the  barometer-tube. 
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j^ccording  to  Soutliorn,  the  temperature  of  steam  under  a piessure 
of  two  atmospheres  is  250^",  under  that  of  four,  293°  and  under  that 
of  eight,  344°  The  results  obtained  by  Dulong  and  Arago  in  reference 
to  this  <]^uestion,  are  contained  in  the  following  table : they  were  obtained 
by  experiment  up  to  a pressure  of  twenty- five  atmospheres,  and  at  higher 
pressures  by  calculation.  The  first  column  shows  the  elasticity  of  the 
vapor,  in  reference  to  atmospheric  pressure  as:=l,  and  in  the  second 
column  the  temperature  of  the  steam  is  stated  in  degrees  of  Fahrenheit  s 
scale.  {Qiuarterh)  Journal,  N.  S.,  vii.  119.  See  also  Dr.  Ure’s  table, 
Phil  Trans.,  ISiS.) 


Pressure. 

Temperature. 

Pressure. 

Temperature. 

Pressure. 

Temperature. 

1 

212 

7^  

336-86 

19 

413-96 

u 

233-96 

8 

34196 

20  

418*46 

2 

250-52 

9 

350*78 

21  

422  96 

2h 

263*84 

10 

358  88 

22  

427-28 

3 

275  18 

11 

307-34 

23  

431-42 

3^  ... 

285*08 

12 

37400 

24  

435-56 

4 

293*72 

13 

380*66 

25  

439*34 

4.^ 

301*28 

14 

386*94 

30  

457-16 

5 

308*84 

15 

392*86 

35  

472*73 

5|  ... 

314*24 

16 

398*48 

40  

486-59 

6 

320*36 

17 

403-82 

45  

491*14 

(>g 

7 

326*26 
331  70 

18 

408  92 

50  

510*60 

The  temperature  of  steam  is  the 

same  or  nea 

rly  the  same 

as  that  of 

ihe  liquid  producing  it ; hence  the  high  temperature  of  steam  generated 
under  pressure:  and  as  this  elevation  of  temperature  may  be  accurately 
regulated  by  the  degree  of  pressure,  high-pressure  steam  is  often  conve- 
niently applied  as  a source  of  steady  heat. 

AVe  are  now  to  show,  more  particularly,  that  the  production  of  vapor 
is  in  all  cases  attended  hy  loss  of  sensible  heat;  and  that,  as  in  the  case 
of  liquf action,  heat  disappears,  to  constitute  the  liquid,  so,  in  the  case  of 
evaporcdion,  heat  becomes,  to  a much  greater  extent,  latent  in  th^  vapor. 

The  fact  already  adverted  to,  that  we  cannot,  under  ordinary  circum- 
stances, raise  the  temperature  of  water  above  212°,  although  heat  con- 
tinues as  before  to  flow  into  it,  shows  that  the  heat  must  be  latent  in  the 
steam,  the  temperature  of  which  does  not  exceed  that  of  the  water  which 
produces  it;  and  again,  when  water,  as  in  the  preceding  experiment  with 
the  brass  globe,  is  heated  under  pressure  to  a temperature  above  its 
ordinary  boiling-point,  the  moment  that  that  pressure  is  removed  by 
suddenly  opening  the  cock,  a quantity  of  steam  rushes  out,  and  the 
remaining  water  has  its  temperature  lowered  to  212°.  The  quantity 
of  water  in  this  case,  wdiich  constitutes  the  lost  steam,  is  very  small, 
yet  it  carries  off  the  whole  excess  of  heat  from  that  remaining  in  the  globe. 

Dr.  Black  instituted  the  following  experiments  to  determine  the  actual 
loss  of  heat  during  the  conversion  of  water  into  steam.  (Black’s  Lec- 
tures.) He  placed  a flat-bottomed  tin  plate  vessel  containing  a measure 
of  water,  upon  a heated  plate;  the  wmter  was  of  the  temperature  of  50°; 
in  four  minutes  it  acquired  a temperature  of  212°,  and  began  to  boil;  and 
in  twenty  minutes  the  whole  had  evaporated : the  wmter  therefore  had 
received  162°  of  heat  in  four  minutes,  or  40*5°  in  each  minute;  and 
assuming  that  the  heat  continued  to  flow  into  the  water  at  the  same  rate 
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during  the  twenty  minutes  required  for  its  evaporation,  he  concluded 
that  810°  (40*5  X 20)  had  become  latent  in  the  steam:  that  is  to  say, 
that  the  same  quantity  of  heat  which  is  required  totally  to  evaporate 
boiling  water  at  212°,  would  be  sufficient  to  raise  the  water  810°  above 
the  boiling-point,  or  to  1022°,  if  it  had  remained  in  the  liquid  state. 
Dr.  Black  verified  this  conclusion  in  another  way:  he  heated  water  under 
pressure  (in  a Papin's  Digester)  to  400°,  and  then  opened  the  valve, 
when  part  of  the  water  suddenly  rushed  out  in  the  form  of  steam,  and 
the  temperature  of  the  remainder  sank  to  212°,  so  that  188°  of  heat  dis- 
appeared, having  been  carried  off  by  the  steam;  but  only  one -fifth  of 
the  water  had  gone  off  as  steam;  that  steam,  therefore,  must  have 
contained  not  only  its  own  188°,  but  also  the  188°  lost  by  the  remaining 
four  parts;  that  is,  it  must  have  contained  188^  X 5 = 940°.  This 
experiment,  therefore,  shows  that  steam  is  water  combined  with  940° 
of  heat.  From  these  and  similar  experiments  on  the  quantity  of  heat 
which  disappears  during  the  formation  of  steam,  the  expression  of  its 
latent  heat  has  been  assumed  as  equal  to  about  1000°  Fahrenheit. 

On  the  other  hand,  when  steam  is  again  condensed  into  water,  it 
necessarily  gives  out  the  latent  heat  which  was  essential  to  its  state  of 
vapor,  and  which,  being  then  set  free^  will  raise  the  temperature  of 
adjacent  bodies  as  much  more  than  an  equal  weight  of  boiling  water  would 
do,  as  the  latent  heat  of  the  steam  exceeds  the  sensible  heat  of  the  water*. 

The  small  boiler,  represented  in  fig.  87,  may  be  conveniently  employed 
in  these  experiments  on  the  latent  heat  of  steam.  (Henry's  Ele7n.  Chem.) 

For  this  purpose  the  tube 
e must  be  screwed  on  the 
stop-cock  6,  and  immersed 
into  the  glass  of  water  f. 

The  cock  c being  closed,  the 
steam  arising  from  the  boil- 
ing water  «,  will  pass  into  the 
cold  water/,  the  temperature 
of  which  will  be  much  aug- 
mented by  its  condensation. 

Ascertain  the  increase  of  tem- 
perature and  of  weight,  and 
the  result  will  show  how  _ 
much  a given  weight  of  wa-  ?,  , . , , , « 

o ^ o uj— 1 — X — I \ \ I » i I « > I I u t_«  ^ . _i  Inches 

ter  has  had  its  temperature 

raised  by  a certain  weight  of  condensed  steam.  To  another  quantity  of 


• It  has  sometimes  been  supposed  from 
the  low  latent  as  well  as  sensible  heat  of 
the  vapors  of  alcohol  and  ether,  that  they 
might  be  economically  substituted  for 
steam  as  sources  of  mechanical  power,  but 
as  the  cost  in  fuel  would  be  proportionate 


to  the  latent  heat  of  equal  volumes  of  their 
respective  vapors,  it  will  be  obvious  from 
the  following  statement  that  if  alcohol  and 
ether  could  be  procured  as  cheap  as  water, 
the  latter  would  be  most  economical. 


1 cubic  foot  of 

W ater 
Alcohol .. 
Ether 


Cubic  feet  Latent  heat  of 

of  vapor.  equal  volumes. 

= 1689  1000 

= 488  : 457  : : 1689 1550 

= 212  : 812  ; : 1G89 2500 
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water,  of  the  same  weight  and  temperature  as  that  in  the  jar  at  the  out- 
set of  the  experiment,  add  a quantity  of  water  at  212°,  equal  in  weight 
to  the  condensed  steam;  it  will  be  found,  on  comparing  the  resulting 
temperatures,  that  a given  weight  of  steam  has  produced,  by  its  condensa- 
tion, a much  greater  elevation  of  temperature  than  the  same  quantity  of 
boiling  water.  If,  for  instance,  100  gallons  of  water  at  50°  be  mixed 
with  1 gallon  at  212°,  the  temperature  of  the  whole  wull  be  raised  by 
about  1*5°.  But,  if  a gallon  of  water  be  condensed  from  the  state  of 
steam  into  a vessel  containing  100  gallons  of  water,  the  water  will  in  that 
case  be  raised  11°.  A gallon  of  water,  therefore,  condensed  from  steam, 
raises  the  temperature  of  100  gallons  of  cold  water  9*5°  more  than  the 
addition  of  a gallon  of  boiling  water ; consequently,  if  the  heat  imparted 
to  100  gallons  of  water  by  10  pounds  of  steam  could  be  condensed  in  1 
gallon  of  water,  it  would  raise  it  to  950°;  and  a gallon  of  water  con- 
verted into  steam  of  ordinary  density,  contains  as  much  heat  as  wmuld 
bring  five  and  a half  gallons  of  ice-cold  water  to  the  boiling-point.  The 
quantity  of  ice  which  is  melted  by  steam  of  mean  density  is  seven  and  a 
half  times  the  weight  of  the  steam. 

The  following  is  Dr.  Ure’s  corrected  table  of  the  latent  heat  of  steam 
and  some  other  vapors.  {Phil.  Trans. ^ 1818,  p.  389;  and  Diet,  of  Chem.^ 
Art.  Caloric.) 


Vapor  of  water  1000® 

„ alcohol  (sp.  gr.  *825) 457 

„ ether  (boiling-point  112°) 313 

„ oil  of  turpentine  184 

„ petroleum 184 

„ nitric  acid  (sp.  gr.  1*494,  boiling-point  165°)  550 

„ aqueous  ammonia  (sp.  gr.  0*978) 866 

„ vinegar  (sp.  gr.  1*007) 903 


In  the  common  process  of  distillation,  the  effect  of  the  latent  heat 
of  steam  is  well  illustrated  by  what  happens  in  the  condenser,  or  worm- 
tub  (see  Water),  where  a large  mass  of  water  is  highly  heated  by  the 
return  of  the  vapor  to  the  liquid  state ; hence  the  necessity  of  an 
extended  condensing  surface  preserved  at  a low  temperature  by  immer- 
sion in  cold  water.  In  distillations  performed  in  the  common  glass 
retort  and  receiver,  various  expedients  are  resorted  to  to  effect  complete 
condensation.  Sometimes  the  neck  of  the  retort  is  covered  with  linen  or 
bibulous  paper,  kept  constantly  wet  by  the  dribbling  of  cold  water  from  a 

funnel  or  filter  as  in  the  annexed  cut ; 
a strip  of  tow  being  twisted  round  the 
tube,  as  at  and  so  drawm  out  as  to 
allow  the  drops  to  fall  into  a basin  : 
5 is  a tubulated  receiver  for  the  fur- 
ther condensation  of  vapor,  and  the 
distilled  product  (or  distillate')  is  ul- 
timately collected  in  the  receiver 
beneath,  which  if  necessary  may 
be  immersed  in  cold  water,  or  in  a 
freezing  mixture. 


LATENT  HEAT  OF  STEAM. 


79 


The  following  arrangement  (known  as  Liebigs  Condenser)  is  also 
effective  and  convenient.  It  consists  of  a slightly  conical  glass  tube  a a', 
eighteen  or  twenty  inches  long,  and  of  a diameter  of  about  one  and  a-half 
to  two  inches  at  the  one  end,  and  an  inch  or  somewhat  less  at  the  other. 


which  is  inclosed  water-tight  in  a larger  and  shorter  metal  tube  b,  to  the 
lower  end  of  which  is  attached  a funnel  c,  fed  in  any  convenient  way  by 
a small  current  of  cold  water  which  dribbles  off  at  the  tube  D.  The  beak 
of  the  retort  is  inserted  at  a,  and  the  end  a'  terminates  in  the  receiver  e, 
which  may  itself  be  kept  cool  by  the  dripping  funnel  f.  Somewhat 
similar  contrivances  are  occasionally  adopted  on  the  large  scale,  under  the 
name  of  refrigerators^  as  substitutes  for  the  usual  worm- tubs;  in  these  a 
contorted  pipe  receives  the  steam  to  be  condensed,  and  is  surrounded  by 
another,  carrying  a stream  of  cold  water  in  an  opposite  direction. 

In  breweries  and  manufactories  where  large  quantities  of  hot  water 
are  consumed,  it  is  frequently  heated  by  conveying  steam  into  it,  or  by 
suffering  steam  pipes  to  traverse  the  vessels,  or  by  employing  double 
vessels.  This  method  of  warming  water  has  also  been  advantageously 
applied  to  heating  baths.  Where  a higher  temperature  than  212^  is 
required,  it  is  necessary  to  employ  steam  under  adequate  pressure.  The 
heat  given  off  by  steam  during  its  condensation,  is  also  often  applied  to 
warming  air,  and  is  at  once  safe,  salubrious,  and  economical. 

Whatever  may  be  the  density  of  steam,  the  same  weight  contains  the 
same  quantity  of  heat,  so  that  distillation  or  evaporation  at  low  tempera- 
tures is  not  attended  by  any  saving  of  fuel;  the  latent  heat  is  increased 
in  proportion  as  the  sensible  heat  is  diminished.  (Sharpe,  Manchester 
Memoirs^  2nd  Series,  ii.)  “Let  us  imagine  that  in  a cylinder  furnislied 
with  a piston  we  have  a certain  quantity  of  steam,  and  that  it  is  suddenly 
compressed  by  a stroke  of  the  piston  into  half  its  bulk  without  being 
reduced  to  the  liquid  state;  it  would  acquire  double  elasticity,  and  its 
temperature  would  be  increased.  If  we  either  suppose  the  cylinder 
incapable  of  transmitting  heat,  or  take  the  moment  instantly  following  the 
compression,  before  any  heat  has  had  time  to  escape,  it  must  be  evident 
that  the  sensible  and  latent  heat  together  before  the  compression  are 
precisely  equal  to  the  sensible  and  latent  heat  after  the  compression ; but 
in  the  dense  steam  the  sensible  heat  is  increased  and  the  latent  heat 
diminished  by  equal  quantities.  Reversing  this  imaginary  experiment,  if 
we  suppose  only  half  the  cylinder  to  contain  steam  at  212°,  and  the  piston 
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to  be  suddenly  raised  so  as  to  double  its  volume,  the  density  will  of  course 
be  reduced  to  half,  and  its  temperature  will  fall,  but  its  sensible  and  latent 
heat  together  will  remain  unchanged.’’  (Daniell.)  This  fact,  originally 
proved  by  Watt  (Thomson  On  Heat,  &c,,  p.  197),  may  be  stated  as  follows: 

A certain  weight  of. steam  at  212°)  180°  sensible  heat, 
condensed  at  32°,  gives  out  i 050  latent  heat, 

1130 

n^i  • 1 ^ + o^ao  I 218  sensible. 

The  same  weight  at  250  | latent. 

1130 

m *1^  * iaao  f 68  sensible. 

The  same  weight  at  100  

1130 

The  existence  of  vapors  of  great  density  under  high  pressures  and 
temperatures  has  been  shown  by  the  experiments  of  Cagniard  de  la 
Tour.  {Afin.  Ch.  et  P/i.,  xxi.  127 — 178;  Qiiarierly  Journal,  xv.  145.) 
Although  pressure  restrains  the  volatilization  of  a liquid,  it  occurred 
to  him  that  there  should  be  a limit  beyond  which  liquids  would  notwith- 
standing be  converted  into  vapor,  provided  sufficient  space  be  allowed 
for  its  generation.  A strong  glass  tube,  two-fifths  filled  with  alcohol, 
and  hermetically  sealed,  was  slowly  and  carefully  heated ; as  the  fluid 
dilated,  its  mobility  increased,  and  when  its  volume  was  nearly  doubled, 
it  suddenly  disappeared,  and  became  a transparent  vapor.  The  same 
results  were  obtained  with  naphtha  and  ether;  the  latter  requiring  less 
space  than  the  former  to  be  converted  into  vapor  without  breaking  the 
tube,  and  naphtha  less  space  than  alcohol.  The  presence  of  atmospheric 
air  in  the  tubes  did  not  interfere  with  the  results.  The  same  experiment 
succeeded,  through  difficultly,  with  water,  the  tube  containing  only  about 
one-fourth  its  volume.  Cagniard  de  la  Tour  ascertained,  by  means 
of  a mercurial  gauge,  the  pressures  of  the  above  vapors.  Alcohol,  occu- 
pying in  vapor  a space  little  more  than  thrice  its  liquid  volume,  exerted 
a pressure  =119  atmospheres,  and  required  for  its  production  a tempera- 
ture = 405°.  Ether,  under  the  same  circumstances,  exerted  a pressure 
of  38  atmospheres  at  320°*  The  temperature  of  the  dense  vapor  of 
water  was  nearly  that  of  melting  zinc. 

When  water  slowly  evaporates  under  exposure  to  air,  its  vapor  mixes 
with  the  surrounding  atmosphere,  and  the  process  is  usually  called  spon- 
taneous evaporation;  it  takes  place  at  all  temperatures,  and  with  a 
rapidity  proportionate  to  the  dryness  of  the  air,  and  the  velocity  of  the 
current  passing  over  it.  In  manufactories,  where  large  quantities  of 
liquids  are  to  be  evaporated,  instead  of  heating  them  in  the  usual  way,  a 
current  of  hot  air  is  sometimes  made  to  pass  over  the  surface  of  the  fluid. 

As  vapor  slowly  formed  in  cases  of  spontaneous  evaporation,  is 
similarly  constituted  to  that  produced  by  rapid  ebullition,  there  being  the 
same  loss  of  sensible  heat  in  the  one  case  as  in  the  other,  it  follows  that 
the  exhalation  of  humidity  which  is  almost  constantly  going  on  from  the 
eaiths  surface,  must  powerfully  modify  natural  temperatures,  and  prevent 
accumulation  of  heat;  the  vapor  forms  mists  and  clouds,  and  when  these 
aie  condensed  into  rain,  their  latent  heat  is  again  given  out  in  the  upper 
and  cold  legions.  The  conversion,  therefore,  of  water  into  vapor,  and 
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the  condensation  of  vapor  in  tlie  form  of  dew  and  rain,  is  a process  of 
the  utmost  importance,  as  tending  to  equalize  the  temperature  of  tlie  globe. 

Dalton  has  shown  that  the  actual  quantity  of  vapor  which  can  exist 
in  any  given  space,  entirely  depends  upon  temperature.  Thus,  if  some 
Avater  be  put  into  a dry  flask,  at  32°,  very  little  vapor  Avill  he  formed  ; 
it  Avill  contain  more  at  50°,  and  yet  more  at  70°.  But  if,  being  at  70°, 
the  temperature  be  lowered  to  32°,  vapor  will  be  condensed,  and  the 
portion  retained  will  not  exceed  that  originally  taken  up  at  32°.  The 
actual  result  of  these  experiments  is  the  same  Avhen  the  flask  is  exhausted 
as  Avhen  it  contains  air,  but  in  the  former  case  the  evaporation  is  most 
rapid,  for  the  air  affords  some  mechanical  resistance  to  the  distribution 
of  the  vapor. 

The  folloAving  table  shows  the  elastic  force  and  the  Aveight  of  aqueous 
vapor  at  diflbrent  temperatures  : 


Tension  in  inches 

Weight  of  a 

Tension  in  inches 

Weight  of  a 

Temp. 

of  Mercury. 

cubic  foot. 

Temp. 

of  Mercury. 

cubic  foot 

32°.... 

0*21G  

2-53  ffl'S. 

70° .. 

0*770  

8*39  grs. 

40  . 

0-280  

....  3-23 

k)  .... 

1*060  

...  11-33 

60  .. 

0-400  

. . 4-53 

90  .. 

1*430  

...  15-00 

GO  ... 

0-560  

....  6-22 

212  .... 

30-000  

...  257-22 

The  relative  volatility  of  bodies  and  the  elastic  force  of  their  respective 
vapors  may  be  estimated  by  their  effects  upon  the  column  of  mercury  in 
the  barometer  tube.  Thus,  if  AA^e  range  five  barometers  side  by  side,  one 

of  Avhich  may  serve  as  a standard, 
and  then  throAV  up  a little  Avater  into 
the  second,  alcohol  into  the  third, 
ether  into  the  fourth,  and  sulphuret 
of  carbon  into  the  fifth,  each  column 
Avill  be  depressed  in  proportion  to  the 
elastic  force  of  the  respective  va- 
pors. If  the  Avhole  space  above 
the  mercury  in  each  tube  be  equally 
heated,  the  increase  of  tension  Avith 
increase  of  temperature  may  be  mea- 
sured ; but  if  the  liquids  only  be 
heated,  the  tension  Avill  not  increase, 
because  the  respective  vapors  Avill  be 
condensed  as  soon  as  formed.  1,  re- 
presents the  standard  barometer;  2, 
the  depression  by  the  vapor  of  Avater; 
3,  by  alcohol;  4,  by  ether,  and  5,  by 
sulphuret  of  carbon. 

When  liquids  are  exposed  to  the 
atmosphere,  evaporation  is  propor- 
tionate to  the  surface  exposed,  and  is 
therefore  greatly  accelerated  by  in- 
creasing the  surface,  as  by  exposing 
them  in  very  shalloAV  vessels,  or  suffer- 
ing them  to  trickle  over  solid  bodies  ; 
it  is  also  accelerated  by  agitating 
the  superincumbent  air,  as  in  the  case 
VoL.  I.  G 
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of  a brisk  wind,  or  by  artificial  means:  when  the  air  is  tranquil,  the  vapor 
rests  upon  the  surface  of  the  water,  and  it  is  the  pressure  of  its  own 
vapor  on  the  surface  of  a liquid,  and  not  that  of  the  gaseous  atmosphere, 
which  stops  the  process.  The  following  table  drawn  up  by  Daniell  from 
the  experiments  of  Dalton,  shows  the  force  of  vapor  at  different  tempera- 
tures, and  the  rate  of  evaporation  per  minute  from  a circular  surface  six 
inches  diameter;  the  amounts  of  evaporation  refer  to  dry  air;  if  vapor  be 
already  present,  as  it  always  is  in  our  atmosphere,  the  quantity  of  evapo- 
ration at  any  given  temperature  will  be  the  quantity  indicated  in  the  table, 
7mnus  the  quantity  already  incumbent  upon  the  water.  (Daniell,  § 196.) 


Temp. 

Force  in  inches 

Calm. 

Breeze. 

High  Wind 

of  Mercury. 

grs. 

212°  

30  000 

,,  120-00  

. 154-00 

189-00 

85  

1-235  

4-92  

...  6-49  , 

8-04 

75  

0-906  

,.  3-65 

. 4-68 

5-72 

85  

0-657  

2-62  

..  3-37 

4-12 

55  

0-476  

1-90  

...  2-43 

2-98 

45  

0-340  

1-36  

...  1-75  ... 

2-13 

35  

0-240  

. 0-95  

1-22  . 

1-49 

25  

0-170  

0-67  

...  0-86  ... 

1-05 

By  inducing  rapid  evaporation,  at  common  or  low  temperatures,  we 
have  it  obviously  in  our  power  to  produce  considerable  degrees  of  cold. 
If  a wet  cloth  is  spread  out  in  a keen  wind  at  a temperature  a few  degrees 
above  freezing,  the  water,  by  its  rapid  evaporation,  soon  carries  off  so 
much  heat  as  to  freeze  the  remainder,  making  the  eloth  hard  and  stiff  by 
the  formation  of  ice  in  its  pores. 

There  is  no  liquid  better  calculated  for  making  experiments  on  the 
cold  produced  by  spontaneous  evaporation,  than  ether ; it  is  extremely 
vaporisable  at  ordinary  temperatures,  and  if  we  pour  a little  of  it  into 
the  palm  of  the  hand,  and  blow  gently  upon  its  surface,  we  observe  that, 
as  it  disappears  in  vapor,  a very  sensible  degree  of  cold  is  produced. 

If  we  fold  a strip  of  cambric  round  the  bulb  of  a small  thermometer 
and  suffer  ether  to  dribble  over  it  from  a dropping-bottle,  at  the  same 
time  accelerating  the  evaporation  by  blowing  gently  upon  it  with  the 
mouth  or  a pair  of  bellows,  we  shall  observe  the  mercury  fall  to  several 
degrees  below  the  freezing-point ; and  if  we  substitute  for  the  thermo- 
meter a thin  glass  tube,  containing  a small  quantity  of  cold  water,  a little 
dexterous  management  will  enable  us  by  the  same  means  to  freeze  it. 

This  congelation  of  water  by  the  evaporation  of  ether,  furnishes,  by 
the  help  of  the  air-pump,  a very  striking  experiment.  Provide  a small 
thin  glass  flask,  which  fits  tolerably  close  into  a bell-shaped  wine-glass,  as 
represented  by  the  annexed  cut  (fig.  91).  Pour  a little  good  ether  into 

the  flask,  and  some  cold  water  into  the  wine-glass, 
so  that  each  may  stand  at  about  the  level  «,  and 
place  the  whole  apparatus,  thus  arranged  under  the 
receiver  of  an  air-pump.  During  exhaustion,  the 
ether  will  boil,,  that  is,  it  will  very  rapidly  pass  off  in 
^ the  state  of  vapor.  Now,  the  vapor  of  ether,  like 
all  others,  requires  heat  for  its  formation,  and  this  it 
takes  from  the  surrounding  bodies,  and,  among  the 
rest,  from  the  adjacent  water,  which  soon  freezes  in 
consequence  of  the  loss  of  that  portion  of  heat  which 
was  essential  to  its  fluidity,  hut  which  has  been 
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carried  away  and  pumped  out  in  the  ethereal  vapor.  It  sometimes 
happens  that  the  success  of  this  experiment  is  prevented  hy  the  ether 
boiling  over  into  the  water  and  so  preventing  its  congelation ; hut  this 
may  be  guarded  against  by  putting  a little  bit  of  wood  or  paper  into  the 
ether,  which  causes  it  to  boil  regularly,  and  prevents  sudden  jets  of 
vapor. 

There  is  an  experiment  yet  more  illustrative  of  the  absorption  and 
disappearance  of  sensible  heat  during  evaporation,  which  consists  in 
freezing  water  by  causing  it  rapidly  to  evaporate  at  low  temperatures;  it 
is  performed  as  follows: 
upon  the  plate  of  a good 
air-pump  place  a flat 
shallow  glass  dish,  a, 
about  half-filled  with 
oil  of  vitriol,  and  a 
little  above  it  a tin  or 
copper  basin,  b,  three 
parts  filled  with  water, 
with  a small  thermo- 
meter, c,  immersed  in 
it  (fig.  92).  This  basin, 
which  should  be  of  the 
shape  shown  in  the  cut, 
may  be  conveniently 
supported  upon  three  glass  legs,  d,  standing  in  the  acid.  Over  the  whole 
place  an  air-pump  receiver,  not  larger  than  requisite,  and  proceed  to 
Avithdraw  the  air.  We  first  observe  the  escape  of  air  from  the  water;  the 
thermometer  gradually  sinks ; the  water  then,  in  consequence  of  the 
rapidity  of  its  evaporation,  appears  to  boil ; and  if  the  whole  apparatus  is 
in  good  order,  it  freezes  in  the  course  of  five  or  ten  minutes.  The  use  of 
the  sulj)huric  acid  is  to  absorb  the  aqueous  vapor,  whieh  it  does  very 
energetically,  and  consequently  occasions  a constant  fresh  call  upon  the 
water  for  its  formation.  Now  Ave  have  shown  that  vapor  cannot  he 
produced  without  the  absorption  of  heat ; and,  in  the  case  before  us,  the 
heat  requisite  to  convert  one  part  of  the  Avater  into  vapor  is  taken  from 
the  other  Jluid  portion^  Avhieh,  thus  losing  the  heat  that  constituted  its 
fluidity,  becomes  solid,  or  freezes.  There  is  another  phenomenon  often 
observable  in  this  experiment,  whieh  is,  that  the  temperature  of  the  Avater 
falls  several  degrees  below  the  freezing-point,  before  congelation  takes 
place;  but  the  moment  that  it  freezes,  it  rises  to  32°,  in  consequence  of 
the  escape  of  the  residuary  latent  heat.  Leslie,  A\dio  contrived  this 
process,  proposed  it  as  a means  of  procuring  ice  in  hot  climates,  and 
siuggested  for  the  purpose,  a large  single  air-pump,  capable  of  exhausting 
six  or  eight  receivers  at  a time.  lie  has  also  shoAvn,  that  parched  oatmeal, 
and  certain  dried  earthy  substances,  may  be  substituted,  as  absorbents,  for 
the  sulphuric  acid ; but  they  are  far  less  effectual. 

Dr.  Wollaston’s  cryophorus^  or  ice-bearer,  illustrates  the  same  general 
facts,  in  a more  simple  manner  than  the  preceding  ; it  depends  upon  the 
same  common  principle,  but  the  vacuum  and  the  evaporation  are  brought 
about  in  a different  AAmy.  It  is  a tube,  having  a bulb  at  each  extremity, 
one  of  Avhich  is  half  filled  Avith  AAmter,  as  represented  in  fig.  93 ; the  interior 
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of  the  tube  is  perfectly  deprived  of  air  by  boiling  the  water  in  one  of 
the  bulbs  till  a jet  of  pure  steam  issues  through  a small  opening  left  at 

the  bottom  of  the  other, 
which  is  then  sealed  by 
fusion  in  the  flame  of  a 
lamp ; the  consequence  is, 
that  the  water  in  the  other 
bulb  is  greatly  disposed 
to  evaporate ; hut  this  evaporation  can  only  proceed  to  a certain  extent, 
because  the  pressure  of  vapor  within  the  tube  soon  prevents  its  further 
progress.  To  get  rid  of  this,  to  keep  up  the  vacuum,  and  to  occasion  a 
constant  demand  upon  the  water  for  the  fresh  formation  of  vapor,  the 
emj)ty  ball  is  plunged  into  a freezing  mixture,  which  continually  condenses 
the  vapor  within,  and  so  accelerates  the  evaporation  of  the  water  in  the 
other  bulb,  as  to  cause  it  ultimately  to  freeze.  The  success  of  this  expe- 
riment, when  it  is  attempted  in  a warm  room,  where  there  are  several 
persons,  is  often  frustrated  by  the  rapid  deposition  of  moisture,  arising 
from  the  condensation  of  aerial  vapor  upon  the  water-bulb ; an  effect 
which  may  be  prevented  by  protecting  it  from  the  free  access  of  fresh 
portions  of  air,  by  immersion  in  a covered  glass,  as  shown  in  the  following 
sketch,  fig.  94,  which  also  represents  the  empty  bulb  surrounded  by  a 
freezing  mixture  of  jDounded  ice  and  salt.  The  intermediate  tube  between 
the  bulbs  of  the  cryophorus  may  be  of  any  length:  about  two  feet  is  most 
convenient,  for  when  longer  it  is  very  apt  to  be  broken. 


There  are  many  cases  in  which  we  resort  to  accelerated  evaporation, 
at  common  temperatures,  as  a source  of  cold,  without,  however,  carrying 
it  so  far  as  to  produce  ice.  The  sprinkling  of  floors  and  pavements  with 
water  tends  to  cool  them  and  the  air  by  its  evaporation  at  summer 
temperatures  : wine-coolei's  are  porous  earthen  vessels,  which  are  dipped 
into  water,  and,  during  exposure  to  air,  become  cooled  by  its  escape  from 
their  surfaces  in  the  form  of  vapor;  and  in  some  hot  climates,  porous 
bottles  are  filled  with  water,  and  suspended  in  a current  of  air ; the  water 
oozes  to  the  surface,  whence  it  is  rapidly  removed  by  evaporation,  and 
cold  is  consequently  produced. 

It  will  be  obvious,  from  the  facts  now  adduced,  that  all  vapor's  may 
be  considered  as  combinations  of  solids  or  liquids  with  heat,  and  Faraday’s 
discoveries  sanction  us  in  regarding  gases  as  similarly  constituted ; some 
of  these  are  condensible  by  cold^  others  by  pressure^  into  the  liquid  state : 
and  we  thus  learn  that  they  are  merely  the  vapors  of  extremely  volatile 
liquids,  the  boiling-points  of  which,  under  common  atmospheric  pressure, 
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are,  in  many  instances,  lower  than  any  natural  temperatures.  Under 
great  pressure  these  gases  may  be  coerced  into  the  liquid  state,  and,  upon 
its  removal,  they  instantly  reassume  the  gaseous  form,  some  with  explo- 
sion, and  some  with  the  appearance  of  brisk  ebullition,  and  the  production 
of  intense  cold.  (See  Sulphurous  Acid  and  Carbonic  Acid.) 

Faraday  condensed  many  of  the  gases  by  merely  exposing  them  to  the 
pressure  of  their  own  atmospheres.  He  put  the  materials  for  producing 
them  into  a strong  glass  tube,  a little  95 

bent  in  the  middle,  and  hermetically 
sealed.  When  necessary,  heat  was 
applied,  and  when  the  pressure  within 
became  sufficient,  the  liquid  made  its  appearance  in  the  empty  end  of  the 
tube,  which  was  artificially  cooled  to  assist  in  the  condensation.  In  these 
experiments  much  danger  is  incurred  from  the  bursting"  of  the  tubes  : so 
that  the  operator  should  protect  his  face  by  a mask,  and  his  hands  by 
thick  gloves.  He  succeeded  in  liquifying  the  following  gases,  which,  as 
will  be  seen,  require  various  degrees  of  pressure  for  the  purpose. 


Pressure  in 
Atmospheres. 

Fahr. 

Sulphurous  acid  . 

2 at 

45° 

Chlorine  

4 „ 

60 

Cyanogen 

4 „ 

60 

Ammonia 

6 5 „ 

40 

Pressure  in 
Atmospheres. 

Sulphuretted  hydrogen  17  at  50° 

Carbonic  acid  36  ,,  32 

Hydrochloric  acid 40  „ 50 

Nitrous  oxide  50  „ 45 


By  the  joint  influence  of  pressure  and  a very  low  temperature,  Faraday 
subsequently  succeeded  in  liquifying  olefiant  gas  and  fluosilicic  acid,  and 
in  solidifying  hydriodic  and  hydrobromic  acid  gases,  oxide  of  chlorine, 
and  nitrous  oxide.  {Phil.  Tr'ans.,  1823  and  1845.) 


§ 11.  Theory  of  the  Steam-Engine. 

So  many  of  the  phenomena  attendant  on  evaporation  and  liquifaction 
are  illustrated  by  the  action  and  principles  of  the  steam-engine^  that  it 
may  be  worth  while  to  refer  to  the  construction  and  operation  of  that 
machine  as  elucidating  several  points  already  adverted  to. 

The  action  of  the  steam-engine  depends  prin- 
cipally upon  the  two  leading  properties  of  steam 
which  have  been  dw^elt  upon — namely,  its  expansive 
force,  and  its  easy  condensation.  To  take  the  most 
simple  view  of  these  as  moving  powers,  let  a,  fig.  96, 
represent  a glass  tube  with  a bulb  at  its  lower  end. 

It  is  held  by  a ring  and  handle  h,  and  contains  a 
piston  c,  which,  as  well  as  its  rod,  is  perforated,  and 
may  be  opened  or  closed  by  the  screw  at  top  d\  it  is 
kept  central  by  passing  through  a slice  of  cork  at 
e.  W^'hen  used,  a little  water  is  poured  into  the 
bulb,  and  carefully  heated  over  a spirit-lamp ; the 
aperture  in  the  piston-rod  being  open,  the  air  is 
thus  expelled,  and  wffien  steam  freely  follows  it,  the 
screw  may  be  closed,  when,  on  applying  cold  to  the 
bulb,  the  included  steam  is  condensed,  and  a vacuum 
formed,  which  causes  the  descent  of  the  piston,  in 
consequence  of  the  air  pressing  upon  it  from  above. 

On  again  holding  the  bulb  over  the  lamp,  steam  is 
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reproduced,  and  the  piston  again  forced  up ; and  these  alternate  motions 
may  be  repeatedly  performed  by  the  alternate  applications  of  heat  and 
cold.  This  instrument  gives  a tolerably  correct  notion  of  the  application 
of  steam  in  the  old  engines,  where  it  was  employed  conjointly  with  the 
air’s  pressure  as  a moving  power. 

In  the  most  perfect  construction  of  Watt’s  engine,  steam  is  exclusively 
employed  both  for  elevating  and  depressing  the  piston ; and  the  follow- 
ing diagrams  and  description  may  perhaps  enable  the  reader  to  under- 
stand the  very  ingenious  method  in  which  it  is  thus  applied : — (see  figs, 
97  and  98.) 


a is  the  steam-'pipe  issuing  from  the  boiler,  and  so  contrived  as  alternately  to  deliver 
steam  into  the  cylinder  above  and  below  the  piston  c. 
h is  the  main  cylinder  of  the  engine. 

e is  the  piston,  with  i\\e  piston-rod  passing  through  an  air-tight  collar  at  the  top  of 
the  cylinder,  which  is  commonly  called  the  stuffing -iox . 

d is  the  eduction-pip e,\)j  which  the  steam,  having  performed  its  duty  in  the  cylinder, 
makes  its  escape  into  the  condenser. 

e is  the  condenser,  immersed  up  to  the  level  in  a cistern  of  cold  water. 
f,  the  injection-cock,  by  which  a small  jet  of  cold  water  is  admitted  into  the  con- 
denser. 

h,  a pipe  communicating  with  a pump  called  the  air-pump,  by  which  the  condensed 
steam  and  injection  water  are  continually  pumped  out  of  the  condenser : it  also  pumps 
out  the  air,  and  keeps  a constant  vacuum  in  the  cylinder  and  condenser. 

i represents  the  moveable  plug  of  a cock  which  has  two  passages,  and  which  opens 
alternate  communications  with  the  steam -pipe  and  the  eduction-pipe.  In  fig.  97  this 
plug  is  shown  in  the  position  which  admits  the  steam  to  pass  into  the  cylinder  above  the 
piston:  in  fig.  98,  the  plug  has  shifted  its  position,  and  now  admits  the  steam  to  pass 
into  the  cylinder  hetow  the  piston : in  the  former  case  the  condenser  is  open  to  the  space 
below  the  piston ; in  the  latter,  to  the  space  above  the  piston. 

Let  us  now  suppose  a vacuum  to  exist  in  the  cylinder  b ; the  steam 
passes  through  the  pipe  «,  in  the  direction  of  the  arrows  (fig.  97),  and 
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entering  tlie  cylinder  above  the  piston,  immediately  forces  it  downwards. 
The  piston  having  reached  the  bottom  of  the  cylinder,  the  plug  of  the  cock  i 
shifts  its  position,  and  is  now  as  represented  in  fig.  98  : the  steam  enters  as 
before  at  «,  and  passes  in  the  direction  of  the  arrows  to  the  bottom  cylin- 
der, so  as  to  elevate  the  piston.  It  is  obvious  that  this  action  could  not 
take  place  unless  the  steam,  by  which  it  had  previously  been  depressed, 
were  removed ; this  therefore  makes  its  escape  by  the  eduction-pipe  d, 
(fig.  98),  and  passes  into  the  condenser  c,  where  it  reverts  to  the  state  of 
water,  which  is  got  rid  of  by  the  air-pump  through  the  pipe  h (fig.  97). 
The  piston  being  now  in  the  position  represented  in  fig.  97,  and  the  plug 
having  again  shifted  its  position,  the  steam  enters  above  the  piston  as 
before,  while  the  space  under  the  piston  has  now  a free  communication 
with  the  condenser  by  the  eduction-pipe  d;  so  that  the  steam,  which 
had  first  been  active  in  raising  the  piston,  is  not  in  the  way  of  its 
depression.  I have  here  represented  and  described  what  may,  perhaps, 
be  called  the  simplest  form  of  this  engine,  in  order  to  render  its  principle 
intelligible.  Instead  of  the  four-way  plug  z,  sliders  or  sliding- valves  are 
generally  used,  as  being  less  liable  to  wear,  and  more  easily  kept  air-tight ; 
but  in  all  cases  the  same  alternate  communication  with  the  boiler  and 
with  the  condenser  is  effected. 

§ 12.  Radiant  Matter.  Reflection  and  Refraction  of  Light. 

Of  the  substances  belonging  to  our  globe,  some  are  of  so  subtile  a 
nature  as  to  require  minute  and  delicate  investigation  to  demonstrate  their 
existence  ; they  can  neither  be  confined  nor  submitted  to  the  usual  modes 
of  examination,  and  are  known  only  in  their  states  of  motion,  as  acting 
upon  our  senses,  or  as  producing  certain  changes  in  the  more  gross  forms 
of  matter.  They  have  been  included  under  the  general  term  of  Radiant, 
Imponderable,  or  Ethereal  Matter,  which,  as  it  produces  different 
phenomena,  must  be  considered  as  differing  either  in  its  nature  or  affec- 
tions. Respecting  the  nature  of  these  phenomena,  two  opinions  have 
been  entertained,  and  each  ably  supported.  It  has  been  supposed  by 
Huygens,  Euler,  and  Descartes,  that  they  arise  from  vibrations  of  a rare 
elastic  medium  which  fills  space;  while  Newton  has  considered  them  as 
resulting  from  emanations  of  particles  of  matter.  The  former  opinion  has 
been  ably  advocated  by  Dr.  Young,  who  has  selected  from  Newton  many 
passages  favorable  to  the  undulatory  theory,  and  has  shown  that  it 
explains  phenomena  not  easily  consistent  with  the  theory  of  radiating 
particles.  (Young’s  Nat.  Phil..^  ii.  631.  See  also  Fresnel’s  Exposition  of 
the  Undulatory  Theory  in  the  first  volumes  of  the  Quarterly  Journal.,  N.  N.) 

It  may  suffice  here  merely  to  advert  to  these  opinions,  without  touching 
upon  the  reasoning  by  which  they  are  respectively  supported,  and  which 
has  no  immediate  connexion  with  chemical  science : there  are,  however, 
certain  affections  and  effects  of  light,  and  of  the  heat  that  radiates  from 
the  sun,  and  from  terrestrial  bodies,  Avhich  form  an  important  part  of 
chemical  philosophy,  and  constitute  one  of  the  principal  links  by  which 
it  is  connected  with  physical  inquiries. 

The  phenomena  of  vision  are  produced  either  by  bodies  inherently 
luminous,  such  as  the  sun,  the  fixed  stars,  and  incandescent  substances; 
or  they  are  referable  to  the  reflection  of  light  from  the  surfaces  of  bodies. 
It  is  thus  that  the  objects  around  us  are  visible  by  reflecting  the  sun’s 
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rays  in  tlie  day-time,  but  become  lost  in  obscurity  when  that  luminary 
sinks  beneath  the  horizon.  The  manner  in  which  the  eye  is  affected  by 
luminous  bodies,  shows  that  light  is  transmitted  in  right  lines^  and  every 
right  line  drawn  from  aluminous  body  to  the  eye  is  termed  ar«y  of  light; 
and,  as  a congeries  of  rays  possesses  the  same  properties  as  the  single  ray, 
the  same  abstract  term  is  frequently  employed  to  designate  the  congeries, 
which  is  also  called  a pencil  of  rays. 

Motion  of  Light.  The  discoveries  of  Roemer,  (Phil.  Trans. ^ 
vol.  xii.,)  and  of  Bradley,  (Phil.  Trans..,  vol.  xxxv.  and  xlv.,)  have 
shown  that  the  motion  of  light  is  progressive.,  and  that  it  is  about  eight 
minutes  and  thirteen  seconds  in  passing  from  the  sun  to  the  earth,  so 
that  it  may  be  considered  as  moving  at  the  rate  of  192,000  miles  in  a 
second ; in  the  language  of  Herschel,  (Discourse  on  the  Study  of 
Natural  Philosophy,  p.  23,)  it  performs  the  tour  of  the  world  “in 
about  the  same  time  that  it  requires  to  wink  with  our  eyelids,  and  in 
much  less  that  a swift  runner  occupies  in  taking  a single  stride.” 

We  get  some  notion  of  the  velocity  of  light  by  comparing  it  with  the 
progress  of  sound,  which  moves  at  the  rate  of  about  1000  feet  in  a 
second,  or  7^0  miles  in  an  hour ; yet,  its  comparatively  tardy  progress  is 
recognised,  in  observing  the  time  that  elapses  between  the  flash  and  the 
report  of  a gun  fired  at  a distance ; the  latter  reaching  the  ear  some 
time  after  the  former  comes  to  the  eye  ; a period  of  nearly  five  seconds 
elapses  when  the  gun  is  only  a mile  off,  and  we  are  thus  enabled  with 
some  degree  of  accuracy  to  calculate  the  distance  of  luminous  phenomena 
attended  by  sound:  the  varying  time  that  elapses  between  seeing  a flash 
of  lightning  and  hearing  the  thunder  is  another  familiar  instance,  and 
from  it  we  infer  the  distance  and  course  of  the  electric  discharge. 

Although,  therefore,  the  sun  is  so  far  distant  from  the  earth,  that  a 
cannon-ball,  proceeding  with  its  greatest  speed,  would  be  twenty  years 
in  reaching  it*,  and,  that  although  almost  a million  times  larger  than  the 
earth,  its  magnitude,  as  viewed  from  the  earth,  scarcely  exceeds  that  of 
the  moon,  which  is  not  much  more  than  one-fourth  the  diameter  of  our 
globe,  (the  former  2160 ; the  latter  8400  miles ; the  diameter  of  the  sun 
being  882,000  miles,)  yet  such  is  the  velocity  of  light,  that  a flash  of  it 
from  that  luminary  would  be  seen  in  little  more  than  eight  minutes  after 
its  emission ; whereas,  the  sound  evolved  at  the  same  time  (supposing  a 
medium  like  air  capable  of  conveying  sound  between  the  sun  and  the 
earth,  and  the  distance  95  millions  of  miles)  would  not  reach  us  in  less 
than  14  years  and  87  days. 

From  these  considerations  it  is  evident  that  certain  astronomical  phe- 
nomena are  not  visible  upon  the  earth,  till  a certain  time  after  their  occur- 
rence; and  it  was  this  observation,  as  applied  to  the  eclipses  of  Jupiter’s 
satellites,  that  formed  one  of  the  data  upon  which  the  velocity  of  light  was 
determined,  and  which  led  to  the  discovery  of  its  progressive  motion. 
The  earth  s motion,  in  reference  to  that  of  light,  gives  rise  to  the  pheno- 
mena of  aberration,  for  the  earth  will  have  moved  a certain  distance  in 


* “ The  earth,  moving  at  the  rate  of 
nineteen  miles  in  a second,  would  take  two 
montlis  to  pass  though  a distance  which  a 
ray  ol  light  would  dart  over  in  eight  mi 


nutes.  The  subsequent  discovery  of  the 
aberration  of  light  confii'med  this  astonish- 
ing result.” — Mus.  Somerville, 
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her  orbit  during  the  time  that  a ray  of  light,  which  renders  a star  visible,  is 
passing  from  it  to  the  observer  ; consequently,  the  appareiil  differs  from 
the  real  place  of  a star. 

Some  bodies  intercept  light,  or  are  opaque;  others  allow  its  transmis- 
sion, or  are  transparent ; and  there  are  gradations  from  perfect  opacity  to 
nearly  perfect  transparency,  as  we  see  in  semitransparent  or  translucent 
bodies. 

But  although  we  are  in  the  habit  of  using  the  terms  perfect  trans- 
parency and  perfect  opacity^  such  states  do  not  in  fact  exist : for  the  air, 
glass,  water,  and  similar  media,  all  arrest  or  absorb  certain  portions  of 
light ; whence  it  is  inferred  that  perfect  darkness  may  prevail  in  the 
depths  of  the  ocean;  and,  on  the  other  hand,  that  the  most  opaque  sub- 
stances, if  sufficiently  attenuated  or  extended,  would  transmit  light,  as  is 
the  case  with  gold,  and  with  exceeding  thin  laminaa  of  some  other  metals. 

The  transmission  of  light  in  right  lines  is  evident  from  the  phenomena 
of  the  shadows  of  opaque  bodies,  and  its  intensity  diminishes  as  the 
squares  of  the  distance.  Thus,  if  an 
opaque  screen  one  foot  square  be  placed 
at  a certain  distance  from  a light  at  a,  it 
will  exactly  shadow  a second  screen,  two 
feet  square,  at  double  the  distance;  a 
screen  three  feet  square  at  thrice  the  dis- 
tance, and  one  of  four  feet  square  at  four  times  the  distance;  that  is,  the 
light  concentrated  upon  the  first  screen  would  extend  itself  over  four  times 
the  space,  if  suffered  to  fall  upon  the  second,  over  nine  times  upon  the 
third,  and  over  sixteen  times  upon  the  fourth. 

Refraction  of  Light.  When  a ray  of  light  passes  through  the  same 
medium,  or  when  it  passes  perpendicularly  from  one  transparent  medium 
into  another,  it  continues  to  move  without  changing  its  direction ; but 
when  it  passes  obliquely  from  one  medium  into  another  of  a different 
density,  it  is  thrown  more  or  less  out  of  its  old  direction,  and  is  said  to 
be  refracted.  The  refraction  is  towards  the  perpendicular  when  the  ray 
passes  into  a denser  medium,  and  from  the  perpendicular  when  it  passes 
into  a rarer  medium.  The  medium  in  which  the  rays  of  light  are  caused 
to  approach  nearest  to  the  line  perpendicular  to  its  surface,  is  said  to  have 
the  greatest  refractive  density. 

In  the  following  diagram,  fig.  100,  a represents  the  oblique  ray  passing 
through  and  entering  7vater  at  6,  and  glass  at  c,  and  emerging  into 
the  air  at  a';  p.jy.is  a perpendicular  line,  towards  which  the  ray  is  refracted, 
in  the  medium  b,  and  to  a still  greater  extent  in  the  denser  medium  c ; 
but  on  again  emerging  into  air  at  a\  it  turns 
from  the  perpendicular,  and  resumes  its 
former  line  of  passage. 

We  accordingly  find  that  when  the  ray 
a traverses  one  and  the  same  medium, 
differing  in  different  parts  in  its  density., 
it  will  suffer  a deflection  in  various  parts  of 
its  course  proportionate  to  the  density  of  the 
medium.  W e know  that  the  density  of  the 
atmosphere  is  greatest  at  the  earth’s  surface, 
and  that  it  decreases  os  we  ascend,  gra- 
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dually  becoming  more  and  more  attenuated;  hence,  supposing  the  tem- 
perature uniform,  the  refractive  power  of  the  atmosphere  would  be 
greatest  at  the  earth’s  surface,  and  gradually  diminish  as  we  recede  from 
it;  a ray  of  light,  therefore,  passing  obliquely  from  a celestial  object 
and  falling  upon  this  variable  atmosphere,  would  be  gradually  more  and 
more  bent  in  its  passage  through  it,  and  move  in  a curved  line,  exactly  as 
if  the  atmosphere  consisted  of  an  infinite  number  of  layers,  gradually 
increasing  in  density  from  above  downwards. 

It  is  this  deflection,  or  refraction  of  light,  that  causes  bodies  to  appear 
bent  or  distorted  when  viewed  through  transparent  media,  such  as  water 
or  glass : thus  a stick,  plunged  into  water,  looks  as  if  it  were  bent  or 
broken;  and  for  the  same  reason,  a piece  of  money,  placed  at  the  bottom 
of  a basin,  appears  to  be  raised  when  water  is  poured  upon  it ; so  that  if, 
in  the  first  instance,  the  eye  be  so  placed,  in  reference  to  the  edge  of  the 
basin,  as  just  to  see  the  further  edge  of  the  coin,  on  pouring  water  into  it, 
the  whole  of  it  will  be  visible  : by  spirit  of  wine  it  will  appear  to  be  still 
more  raised  than  by  water ; and  by  oil  more  than  by  spirit.  In  none  of 
these  cases,  however,  is  the  object  thrown  aside  to  the  right  or  left ; the 
plane  in  which  the  eye  and  the  object  are  contained,  is  an  upright 
or  vertical  plane,  and  in  ordinary  refraction  the  ray  never  quits  this 
plane. 

In  the  annexed  diagram,  if  the  line  ab  represent  the  surface  of  a 
refracting  medium,  such,  for  instance,  as  water,  and  f a ray  of  light  falling 
obliquely  upon  its  surface  at  E,  the  portion  of  that  ray  which  enters  the 
medium  will  not  continue  to  pursue  its  former  direction,  namely,  that  of 
EG,  but  will  (as  already  stated  in  reference  to  the  description  of  the  pre- 
ceding diagram,  fig.  100)  be  bent  or  refracted  towards  the  perpendicular 

line  CD:  fec,  therefore,  will  represent 
angle  of  incidence^  and  d e K the  angle  of 
refraction.  If  we  now  draw  the  lines  f e 
and  d k^fe  will  be  the  sine  of  the  angle  of 
incidence,  and  d k the  sine  of  the  angle  of 
refraction,  and  these  sines  will  bear  a con- 
stant ratio  to  each  other  for  each  refracting 
substance,  d k being  to  /’c  as  unity  is  to  the 
refracting  power  of  the  medium;  or  in  the 
case  of  Tvater  as  I to  1*336.  This  latter 
number,  the  index  of  r fraction  of  the  me- 
dium A B,  is  in  all  cases  found  by  dividing  the  sine  f e by  the  sine  d k. 
The  index  of  refraction  of  chromate  of  lead  is  as  high  as  2*974,  while 
that  of  air  (a  vacuum  being  = I),  is  1*00029;  and  every  intermediate 
degree  of  difference  exists  between  these  extremes. 

We  now  see  why,  in  viewing  objects  through  refracting  media,  they 
are  more  or  less  thrown  out  of  their  real  places;  and  how  it  is  that  in 
consequence  of  atmospheric  refraction,  the  sun  and  stars  are  visible  before 
they  actually  emerge  from,  and  after  they  have  sunk  beneath,  the  horizon; 
and  as,  on  the  one  hand,  in  consequence  of  the  progressive  motion  of  light, 
and  the  great  distance  of  the  objects,  celestial  phenomena  are  not  seen 
till  an  appreciable  time  after  their  actual  occurrence;  so,  on  the  other,  in 
consequence  of  refraction  by  the  atmosphere,  they  are  not  seen  in  their 
real  places ; with  the  exception,  indeed,  of  stars  in  the  zenith. 
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The  ultimate  direction  of  a refracted  ray  of  light  is  influenced  by  the 
relative  position  of  the  surface  of  the  refractor,  both  at  its  point  of  entrance 
and  exit.  Thus  by  refraction  at  convex  surfaces  the  rays  may  be  con- 
verged to  a focus,  as  by  a common  lens,  the  refraction  in  these  cases 
taking  place,  as  if  each  ray  fell  upon  a plane  surface  tangent  to  the  curve 
at  the  point  of  incidence.  Thus,  if  g h (fig.  102)  represent  a glass  lens, 
the  convex  surfaces  of  which  are  segments  of  similar  spheres,  the  rays  a b 
in  passing  through  it  will  be 
refracted  at  both  surfaces,  and 
on  emerging  from  the  glass  will 
meet  at  the  focus  f,  and  cross- 
ing each  other  pass  on  to  b a. 

As  it  is  at  the  surfaces  of 
bodies  that  the  deflecting  power 
acts,  they  may  be  so  adjusted  as  to  double  the  deviation  of  the  emerging 
ray:  the  ray  r,  for  instance,  falling  obliquely  upon  the  surface  of  a prism 
is  refracted  towards  the  perpendicular,  and  on  again 
emerging  is  further  bent  in  the  direction  Y : it  is 
also  split  into  different  portions,  of  which  v and  r are 
the  extremes.  This  phenomenon,  as  connected  with 
the  decomposition  of  light,  will  be  noticed  further  on. 

But  there  is  a liinit  of  the  angle  of  refraction  at 
which  the  ray,  instead  of  emerging  from  the  medium, 
is  entirely  reflected  within  it,  and  the  brilliancy  of 
the  light  thus  reflected  is  very  remarkable : it  may 
be  well  shown  by  filling  a glass  with  water  and  holding  it  up  so  that 
the  surface  of  the  fluid  may  be  seen  obliquely  from  beneath  : it  appears 
like  highly-burnished  silver,  and  objects  held  above  it  will  not  be  visible 
provided  the  eye  be  kept  within  the  limiting  angle. 

The  density  of  bodies  is  not  the  only  circumstance  that  affects  their 
refractive  power,  it  also  depends  upon  their  chemical  nature;  and,  gene- 
rally speaking,  those  substances  have  the  greatest  refractive  power  which 
are  combustible,  or  which  contain  an  inflammable  basis.  Nor  is  the 
refractive  power  of  compounds  the  mean  deduced  from  that  of  their  com- 
ponents ; which,  however,  it  generally  is,  in  mere  mixtures.  Hydrogen, 
sulphur,  phosphorus,  diamond,  bees’-wax,  amber,  oil  of  turpentine,  cam- 
phor, linseed  oil,  and  olive  oil,  have  refractive  powers  from  two  to  seven 
times  greater  in  respect  to  their  density  than  those  of  most  other  sub- 
stances. Newton,  observing  the  high  refractive  power  of  the  diamond, 
inferred  that  it  was  “ an  unctuous  substance  coagulated,”  long  before  its 
combustibility  and  real  nature  were  known.  This  law  seemed  at  one  time 
to  be  opposed  by  an  observation  of  Dr.  Wollaston  respecting  phosphorus, 
which  led  him  to  ascribe  to  it  a low  refractive  power ; but  Sir  D.  Brewster, 
confiding  in  the  truth  of  the  generalization,  found,  by  forming  it  into 
prisms  and  lenses,  that  its  refractive  power  was  double  that  of  the 
diamond  when  compared  with  its  density. 

The  following  is  a table  of  the  refractive  powers  of  several  gases  and 
vapors,  (Dulong,  Bidletin  Philomat.,  1825,  Ann.  Ch.  et  Ph.,  xxxi.  154.) 
It  shews  that  the  refractive  power  of  compound  gases  sometimes  falls 
short  of  the  mean  calculated  from  their  components.  Column  a indicates 
the  gas  or  vapor ; b its  refractive  power  in  reference  to  air  as  = 1 ; 
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c the  refractive  power  deduced  as  the  mean  of 


fractive 

vity. 

power 

given  by  ' 

dividing  the 

B 

1*000 

c 

D 

1*0000 

E 

0*924 

1*1093 

0*83 

0*470 

0*0693 

6*79 

2*623 

2*4543 

1*06 

1*020 

0*9706 

1*05 

1*157 

0-9706 

1*21 

1*526 

1*619 

1*5252 

1*00 

2*260 

2.2185 

1*02 

2*187 

1*1786 

1*85 

5*179 

2*6345 

1*97 

1-527 

1*547 

1*2618 

1*21 

3-936 

3*784 

3*4219 

1*15 

1*710 

1*482 

1 *5252 

1*12 

1*030 

0*972 

1*0399 

0 99 

1-309 

1*216 

0*5893 

2-22 

2*302 

0*9706 

2*36 

1*504 

0*5546 

2*71 

2 332 

1*8026 

1*57 

1*531 

1*651 

0-9359 

1*63 

2*220 

1*5946 

1*39 

5*280 

2*5652 

2-05 

3-720 

3*829 

2*2322 

1*67 

From  these  data  Dulong  concludes  that  in  acid  compounds  the 
refractive  power  is  below  the  mean  of  the  components,  but  above  it  in 
alkaline  and  neutral  combinations.  Assuming  that  the  refractive  ^ower 
of  the  elements  is  directly  as  their  density  and  combustibility,  the  latter 
should  be  found  by  dividing  the  refractive  power  by  the  specific  gravity: 
the  quotients  in  column  e are  upon  the  whole  consistent  with  this  view; 
hydrogen  has  the  greatest  refractive  power,  and  oxygen  (the  most 
opposed  to  the  combustibles)  the  least:  so  also  in  regard  to  the  other 
numbers,  except  that  the  refractive  power  of  sulphuret  of  carbon  ought 
to  be  below  that  of  sulphuretted  hydrogen,  inasmuch  as  the  former 
contains  2 atoms  of  the  less  combustible  sulphur  to  I atom  of  carbon, 
while  the  latter  contains  1 atom  of  sulphur  and  I of  hydrogen;  so  also 
should  nitrous  oxide  stand  below  nitrogen,  since  nitrogen  by  combining 
with  oxygen  ought  to  lose  in  refractive  power.  (L.Gmelin,  Hajidbuch^i.^^.') 

The  following  table  gives  the  indices  of  refraction  for  the  greater  part 
of  the  substances  hitherto  examined.  (Brewster.  Optics.  Cabinet 
Cy eloped.^  p.  370.)  They  are  referred  to  a vacuum  as  = I. 


Index  of 

Refraction. 

Chromate  of  lead 

2*974 

Realgar  

2*549 

Octohedrite 

2*500 

Diamond 

2*439 

Nitrite  of  lead 

2-322 

Blende 

Bhosphorus 

2-224 

Sulphur  

2*148 

Glass  (oxide  of  lead  3,  flint  1) 

....  2-028 

Zircon  

1 -961 

Glass  (oxide  of  lead  2,  flint  1) 

....  1*830 

Garnet 

Index  of 
Refraction. 


Sapphire  1'794 

Ruby  1-779 

Spinel  1'764 

Cinnamon  stone  1-759 

Sulphuret  of  carbon  1*768 

Oil  of  cassia 1*641 

Balsam  of  tolu 1*628 

Guaiacum  1*619 

Oil  of  aniseed  1*601 

Quartz 1-548 

Rock  salt 1*557 

Melted  sugar  1*554 
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Canada  balsam 

Amber 

Plate  glass 

Crown  glass  

Oil  of  cloves 

Balsam  of  capivi 

Gum  arabic 

Oil  of  beechnut 

Castor  oil  

Cajeput  oil 

Oil  of  turpentine 
Oil  of  olives  


Index  of 
Refraction. 

1-549 

1-547 

from  1-514  to  1*542 
„ 1*525  „ 1*534 

1-535 

1*528 

1-502 

1*500 

1-490 

1*483 

1*475 

1-470 


Index  of 
Refraction. 


Alum  1 -457 

Fluor  spar  1 434 

Sulphuric  acid  1*434 

Nitric  acid 1-410 

Plydrochloric  acid 1-410 

Alcohol  1-372 

Cryolite 1-349 

Water  1-33G 

Ice  1-309 

Fluids  in  minerals 1-131 

Tabasheer  1-111 


Air 1-000294 

Vapor  of  sulphnret  of  carbon  1-001530 

Phosgene  gas 1*001159 

Cyanogen  1*000834 

Clilorine 1*000772 

Olefiant  gas  1 *000078 

Sulphurous  acid  gas 1*000665 

Sulphuretted  hydrogen  gas  ....  1*000644 

Nitrous  oxide  gas 1*000503 

Hydrocyanic  acid  vapor  1*000451 

Hydrochloric  acid  gas  1*000449 


Carbonic  acid  gas  1*000449 

Carburetted  hydrogen  gas  ....  1*000443 

Ammoniacal  gas  1 '000385 

Carbonic  oxide  gas  1 000340 

Nitrous  gas  1*000303 

Nitrogen  1*000300 

Atmospheric  air  1*000294 

Oxygen  1*000272 

Hydrogen  1*000138 

Vacuum 1*000000 


Dr.  Wollaston  invented  an  apparatus  in  which,  by  means  of  a rect- 
angular prism  of  flint-glass,  the  index  of  j-efraction  of  substances  may  be 
read  off  at  once  by  a vernier,  the  three  sides  of  a moveable  triangle  per- 
forming the  operation  of  reduction  in  a very  compendious  manner.  As 
the  chemical  constitution  of  bodies  may,  in  some  instances,  be  inferred 
from  their  refractive  power,  he  suggested  the  application  of  such  an  instru- 
ment for  discovering  the  purity  of  essential  oils ; in  oil  of  cloves,  for 
instance,  he  found  a wide  difference  in  refractive  power,  that  of  the  genuine 
oil  being  as  high  as  1*535,  w'hile  other  samples  did  not  exceed  1*498, 
and  were  probably  adulterated.  {Phil.  Trans. ^ 1802.)  In  thus  employing 
this  test,  however,  it  must  be  recollected,  that  the  refractive  power  of  the 
genuine  oil  may  vary.  Some  improvements  of  the  instrument  have  been 
suggested  by  Cooper.  {Mem.  Chem.  Soc..,  i.  234.) 

Reflection  of  Light.  When  the  rays  of  light  arrive  at  the  surfaces 
of  bodies,  a part  of  them,  and  sometimes  nearly  the  whole,  is  thrown 
back,  or  rejiectedy  and  the  more  obliquely  the  light  falls  upon  the  surface, 
the  greater  in  general  is  the  reflected  portion.  In  these  cases  the  angle 
of  reflection  is  equal  to  the  angle  of  inci-  ^ 

dence.  Suppose  a ray  of  light  to  impinge  8^4 

'perpendicularly  upon  the  surface  of  a “ 
mirror,  as  at  r m,  but  one  ray  is  seen,  for 
the  ray  of  incidence  and  that  of  reflection 
are  both  in  the  same  line,  though  in  oppo-  '\ 

site  directions,  and  are  confounded  together.  — ^...n  .n  — ==. 

The  ray,  therefore,  which  appears  single,  is, 

in  fact,  double,  being  composed  of  the  incident  ray  proceeding  to  the 
mirror  and  the  reflected  returning  from  it.  These  rays  may,  however, 
be  separated  by  so  holding  the  mirror  that  the  incident  ray,  a shall 
fall  obliquely  upon  it,  in  which  case  the  reflected  ray,  m is  thrown  off 
in  the  opposite  direction.  If  a line  be  drawn  from  the  point  of  inci- 
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dence,  perpendicular  to  the  mirror  (as  the  line  m r),  it  divides  the  angle 
of  incidence  from  the  angle  of  reflection,  and  both  are  seen  to  be  equal. 

When  rays  of  light  fall  upon  a concave  mirror,  they  are  reflected  as 
if  from  a series  of  planes  tangents  to  that  surface,  and  may  thus  be 
converged  to  a point  or  focus ; when,  on  the  other  hand,  the  rays  fall 
upon  a convex  mirror  the  convergency  of  the  rays  is  diminished,  and 
their  divergency  increased. 


§ 13.  Double  Refraction  and  Polarization  of  Light. 

In  all  cases  of  the  ordinary  refraction  of  light,  the  ray  by  which  we 
see  an  object  through  a refracting  medium,  although  bent,  yet,  in  pur- 
suing its  course  to  the  eye,  does  not  quit  a plane  perpendicular  to  the 
refracting  surface  : the  plane  in  which  the  eye,  the  object,  and  the  point 
on  the  surface  of  the  medium  in  which  the  object  is  seen  are  contained, 
is  a vertical  plane.  (Herschel’s  Discourse^  p.  30.)  But  there  are  certain 
cf'ystalline  substances,  as  rock-crystal,  &c.,  but  especially  Iceland  spai\ 
which  possess  the  remarkable  property  of  doubling  the  image  seen 
through  them  in  certain  directions ; so  that,  instead  of  seeing  one,  we 
see  two,  side  by  side,  when  such  a crystal  is  opposed  between  the  object 
and  the  eye : and  if  a ray,  or  small  sunbeam,  be  thrown  upon  a surface 
of  this  substance,  it  will,  on  traversing  it,  be  split  into  two,  making  an 
angle  with  each  other,  and  each  pursuing  its  own  separate  course. 

Having  obtained  a rhomb  of  Iceland  spar,  fit  for  these  experi- 
ments, place  it,  as  shown  in  fig.  105,  above  a sharp  line,  and  look 
through  it  with  the  eye  about  r.  The  line  will  appear  doubled,  like 
711  n p q.  So  also  a dot  will  be  doubled,  as  e o.  If  we  cause  a ray  or 
pencil  of  light,  r,  r,  to  fall  upon  the  surface  of  the  rhomb,  it  will  be 
separated  into  two  rays  or  pencils,  r o r e,  each  of  which  will  emerge  from 

the  rhomb  at  o and  e 


in 


the  directions  o o'  and  e e' 
parallel  to  r r.  The  ray 
Rr,  therefore,  has  suffered 
double  refraction  in  pass- 
ing through  the  rhomb ; 
and  as  the  very  same  phe- 
nomena will  take  place  by 
making  the  ray  r r fall  at 
the  same  incidence  and  in 
the  same  direction,  relative 
to  the  summit  a,  upon  any 
point  of  the  faces,  it  is 
manifest  that  the  double  refraction  cannot  arise  from  any  difference 
of  density  in  different  parts  of  the  rhomb.  {Library  of  Useful  Know- 
ledge^ Art.  Light.) 

Of  the  doubly-refracted  rays,  07ie  appears  to  follow  the  same  rule 
as  if  the  substance  were  glass  or  water,  and  retains  the  plane  perpen- 
dicular to  the  refracting  surface : the  other  ray,  on  the  contrary  (which 
is  therefore  said  to  have  undergone  extraordinary  r fraction^  does 
quit  that  plane,  and  its  deviation  becomes  subject  to  a new  law.  It  has, 
however,  been  demonstrated  by  Fresnel,  that  in  double  refraction  by 
crystalline  bodies,  neither  of  the  rays  follows  the  ordinary  law,  but  both 
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undergo  a deviation  from  their  original  plane,  and  acquire  new  pro- 
perties; this  is  the  case  with  respect  to  Iceland  crystal : we  may,  how- 
ever, continue  the  terms  ordinary  and  extraordinary  ray^  for  convenience 
sake. 

Certain  effects  accompanying  double  refraction,  led  Newton  to 
suppose  that  a ray  of  light,  after  emerging  from  the  crystal,  acquires 
sides;  that  is,  distinct  relations  to  surrounding  space,  which  it  carries 
with  it  through  its  whole  subsequent  course,  and  which  give  rise  to  those 
complicated  and  curious  phenomena  now  known  under  the  term  polari- 
zation of  light.  This  idea,  however,  appeared  so  extraordinary,  and, 
as  Herschel  remarks,  offered  so  little  handle  for  further  inquiry,  that 
the  subject  dropped,  till  Malus,  in  1810,  announced  the  discovery  of  tlie 
polarization  of  light  by  ordinary  reflection.^  at  the  surface  of  a transparent 
body.  He  found  that  when  a beam  of  light  is  reflected  from  the  surface 
of  such  a body,  at  a certain  angle.,  it  acquires  the  same  singular  property 
which  i&  impressed  upon  it  in  the  act  of  double  refraction,  and  the  phe- 
nomena of  polarization  are  in  this  way  more  conveniently  exhibited. 

In  general,  when  a ray  of  light  is  reflected  from  a pane  of  plate-glass 
or  other  polished  surface,  it  may  he  reflected  a second  time  from  another 
surface ; it  will  also  pass  freely  through  transparent  bodies : hut  if  a ray 
of  light  be  reflected  from  a pane  of  plate-glass,  at  an  angle  of  57"^,  it  is 
rendered  incapable  of  reflection  at  the  surface  of  another  pane  of  glass,  in 
certain  deflnite  positions,  but  is  reflected  by  it  in  other  positions : it  also 
loses  the  power  of  passing  through  some  transparent  bodies  in  certain 
positions  whilst  in  others  it  is  freely  transmitted  by  them. 

If  a prismatic  crystal  of  transparent  brown  tourmaline,  be  cut  longi- 
tudinally (that  is,  parallel  to  the  axis  of  the  prism)  into  plates  about  the 
thirtieth  of  an  inch  thick,  and  the  surfaces  polished,  luminous  objects 
may  be  viewed  through  them.  If  one  of  these  plates  be  held  perpendi- 
cularly between  the  eye  and  a candle,  and  turned  slowly  round  in  its  own 
plane,  no  change  will  take  place  in  the  image  of  the  candle ; but,  if  the 
plate  be  held  in  a fixed  position,  with  its  axis  or  longitudinal  section  ver- 
tical, when  a second  plate  is  interposed  between  it  and  the  eye,  parallel 
to  the  first,  and  turned  slowly  round  in  its  own  plane,  a remarkable  change 
is  observed  in  the  nature  of  the  light,  for  the  image  of  the  candle  vanishes 
and  reappears  alternately  at  every  quarter  of  a revolution  of  the  plate, 
varying  through  all  degrees  of  brightness,  down  to  total,  or  almost  total 
evanescence,  and  then  increasing  again  as  it  had  before  decreased.  These 
appearances  depend  upon  the  relative  position  of  the  plates : when  their 
longitudinal  sections  are  parallel,  the  brightness  of  the  image  is  at  its 
maximum,  and  when  they  cross  at  right  angles  it  vanishes.  Thus,  the 
light,  in  passing  through  the  first  plate  of  tourmaline,  has  acquired  a pro- 
perty totally  different  from  the  direct  light  of  the  candle : the  direct  ray 
would  have  penetrated  the  second  plate  in  all  directions,  whereas  the 
refracted  or  polarized  ray  penetrates  it  in  certain  positions  only,  and  in 
others  is  wholly  obstructed.  The  plate  of  tourmaline  therefore  becomes, 
when  applied  as  above  "directed,  a test  of  the  polarization  of  the  ray.  If 
we  now  look  at  the  two  images  produced  by  the  Iceland  spar,  through  a 
plate  of  tourmaline,  it  will  be  found,  that  as  the  tourmaline  revolves,  the 
images  vary  in  their  relative  brightness ; one  increases  in  intensity  till  it 
arrives  at  a maximum,  whilst  the  other  diminishes  till  it  vanishes,  and  so 
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on  alternately  at  each  quarter  of  a revolution,  showing  that  both  qf  the 
images  are  jjolarized  in  opposite  directions,  for  in  one  position  the  tour- 
maline transmits  the  ordinary  ray,  and  reflects  the  extraordinary  ; and 
after  revolving  90°,  the  extraordinary  ray  is  transmitted,  and  the  ordinary 
ray  is  reflected.  {Connexion  of  the  Physical  Sciences^  by  Mrs.  Somer- 
ville, § xxi.) 

If  a pane  of  plate-glass,  with  its  lower  side  blackened,  or  lying  upon 
a piece  of  black  cloth,  be  placed  on  a table,  and  a candle  near  it,  the 
rays  of  which  fall  upon  the  glass  at  an  angle  of  57°,  it  will  be  found  that 
they  are  reflected  from  the  surface  in  a polarized  state,  for,  on  viewing 
the  image  through  the  revolving  slice  of  tourmaline,  it  will  disappear  at 
ever}'’  quarter  of  a revolution.  It  is  also  found  that  this  polarized  ray  is 
incapable  of  being  reflected  a second  time  from  another  plate  of  glass, 
placed  at  the  same  angle.  If,  for  instance,  the  second  plate  be  so  placed 
as  to  make  an  angle  of  about  57°  with  the  reflected  ray,  the  image  of  the 
first  pane  will  be  reflected  in  its  surface,  and  alternately  illuminated  or 
obscured  at  every  quarter  of  a revolution  of  the  second  plate,  according 
as  its  plane  of  reflection  is  parallel  or  perpendicular  to  the  plane  of  pola- 
rization. Hence,  polarized  light  is  shown  to  be  incapable  of  reflection 
in  a plane  at  right  angles  to  the  plane  of  polarization. 

These,  and  some  other  curious  phenomena  of  polarized  light,  are  easily 
shown  by  the  following  arrangement  of  apparatus.  Let  two  plates  of  glass, 
blacked  on  the  back,  a c,  be  arranged  as  in  the  following  diagram,  fig.  106, 
so  that  the  rays  from  a candle  at  r,  falling  upon  the  first  or  polarizing 
plate.  A,  at  its  angle  of  polarization,  may  not  be  reflected  by  the  second  or 
analyzing  plate,  c.  This  adjustment  may  be  made  by  looking  into  c in 
the  direction  of  f c,  and  finding  the  image  of  the  candle  wanting ; then 


take  a thin  film  of  mica,  or  of  sulphate  of  lime,  defg,  and  place  it 
between  the  two  plates  perpendicular  to  the  polarized  ray.  It  will  then  be 
found,  on  turning  this  plate  upon  its  axis,  that  the  image  of  the  candle 
disappears,  and  reappears  at  each  quarter  of  a revolution ; or,  in  other 
words,  that  in  certain  positions  the  crystalline  plate  depolarizes  the  ray. 
Common  glass  is  generally  incapable  of  effecting  this  depolarization,  but  it 
acquires  the  depolarizing  power  when  submitted  to  pressure,  or  heated,  or 
when  it  has  been  heated  and  very  suddenly  cooled ; the  influence  of  its  par- 
ticles upon  those  of  light  becoming  then  analogous  to  crystallized  bodies. 
If  we  now  view  the  polarized  image  through  a plate  of  tourmaline,  with 
the  interposed  plate  of  mica,  a succession  of  beautiful  colors  will  appear 
in  certain  positions  of  the  mica,  depending  upon  the  thickness  of  the 
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plate : these  colors  succeed  each  other  in  definite  order,  and  are  com- 
plementary to  each  other. 

Different  reflecting  surfaces  polarize  light  at  different  angles:  thus  the 
angle  for  water  is  53°  IP;  for  glass  56°  45';  for  rock  crj^stal  56°  58'; 
for  Iceland  spar  58°  5P;  for  diamond  68°  P;  for  sulphur  63°  45'. 

In  the  preceding  details,  my  object  has  been  merely  to  explain  the 
meaning  of  the  term  polarization^  as  applied  to  certain  properties  of  light; 
those  who  would  pursue  the  inquiry  will  find  it  amply  treated  of  in  the 
communications  of  Sir  David  Brewster  to  the  Royal  Society  (^Phil.  Trans. 
1813,  &c.),  and  in  various  treatises  to  which  references  are  given  in  the 
authorities  which  I have  had  occasion  to  quote.  I must  also  refer  to  the 
same  sources,  for  the  discussions  to  which  the  investigations  connected 
with  the  subject  have  given  rise,  respecting  the  nature  of  light;  they  are 
extremely  curious  and  important,  especially  as  illustrative  of  the  applica- 
tions of  the  undulatory  theory. 

§ 14.  Decomposition  of  Light. 

That  a sun-beam,  in  passing  through  certain  dense  media,  gives  rise 
to  a series  of  brilliant  tints,  similar  to  those  of  the  rainbow,  was  known  in 
the  earliest  ages,  but  Newton  first  explained  and  investigated  the  phe- 
nomena. He  admitted  a ray  of  light,  r,  fig.  107,  through  a hole  in  the 
window-shutter,  w,  of  a dark  room,  and  caused  it  to  fall  upon  a glass 
prism,  p,  by  which  it  was  refracted,  and  resolved  into  seven  colors,  which 
jformed  an  oblong  image  or  spectrum  upon  the  white  screen,  s,  in  the  order 
represented,  namely,  red,  orange,  yellow,  green,  blue,  indigo,  and  violet. 
Had  the  ray  proceeded 
straight  onwards  it 
would  have  formed  a 
luminous  spot  at  x,  it 
is,  therefore,  seen  that 
of  these  colored  rays, 
the  violet  have  under- 
gone the  greatest  re 
fraction,  and  the  red 
the  least,  and  that  they 
are  arranged  in  the 
order  of  their  refrangibility.  Newton  submitted  each  of  these  rays  to 
repeated  refractions,  but  found  that  they  were  not  resolvable  into  simpler 
colors;  but,  on  causing  them  to  pass  through  a second  prism  in  an 
inverted  position  q,  or  by  collecting  them  into  one  focus  by  means  of  a 
lens,  they  were  reunited  and  again  produced  white  light;  whence  he 
inferred  white  light  to  consist  of  these  seven  simple  or  primitive  colors. 
With  the  prism  which  he  used,  (of  flint  glass,)  the  respective  lengths  of 
the  colors  (dividing  the  spectrum  into  360  parts)  were  as  follows  : — 
red  45,  orange  27,  yellow  40,  green  60,  blue  60,  indigo  48,  violet  80. 
These  spaces,  however,  cannot  be  accurately  defined,  as  the  colors  im- 
perceptibly shade  into  each  other : they  also  vary  with  prisms  of  different 
substances.  The  composition  of  white  light  by  the  union  of  the  above 
colors,  may  be  also  shown  by  mixing  seven  different  powders,  having 
the  colors  and  proportions  mentioned;  or  more  readily,  by  painting  the 
VoL.  I.  H 
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rim  of  a wheel  with  the  seven  colors,  which,  when  in  very  rapid  motion, 
appears  white,  or  nearly  so*. 

The  colors  of  bodies  were  referred  by  Newton  to  their  relative 
absorbent  and  reflective  powers,  in  respect  to  these  rays ; he  supposed 
black  surfaces  to  absorb,  and  white  to  reflect  them  all,  and  that  other 
colors  are  produced  by  the  absorption  of  all  the  rays  except  those  of  the 
observed  color,  which  are  presumed  to  be  reflected.  And  in  respect  to 
transparent  media,  those  which  are  colorless  suffer  the  light  to  pass  un- 
changed, while  those  which  are  colored,  transmit  some  rays,  and  absorb 
others.  The  absorption  of  colored  rays,  therefore,  by  certain  media, 
furnishes  another  means  of  analysing  light,  and  from  experiments  con- 
ducted in  this  way,  Sir  David  Brewster  concludes  that  the  only  colors 
of  the  spectrum  which  can  be  properly  called  simple^  are  the  red,  yellow, 
and  blue ; that  they  are  concentrated  in  those  parts  of  the  spectrum 
where  each  appears,  but  that  they  are  • also  spread  more  or  less  over  the 
whole,  and  that  the  orange  results  from  a mixture  of  red  and  yellow ; 
the  green,  from  a mixture  of  yellow  and  blue;  and  the  violet  and  indigo 
from  red  and  blue,  with  a trace  of  yellow. 

The  length  of  the  spectrum  depends  upon  the  nature  of  the  prism  or 
refracting  medium;  thus,  if  obtained  by  a hollow  prism  of  glass,  filled 
with  oil  of  cassia,  it  is  much  longer  than  when  glass  only  is  used;  hence 
the  oil  of  cassia  is  said  to  disperse  the  rays  more  than  glass,  or  to  have  a 
greater  dispersive  power.  In  such  cases,  also,  the  colored  spaces  bear  a 
very  different  ratio  to  each  other. 

It  appears  from  the  experiments  of  Sir  W.  Herschel,  [Phil.  Tra?is., 
1800,)  that  the  greatest  illiimmaiing  power  of  the  spectrum  is  in  the 
brightest  yellow,  and  that  it  decreases  towards  either  extremity,  the  blue 
and  red  being  nearly  equal,  and  the  violet  inferior  to  both. 

A curious  fact  respecting  the  prismatic  spectrum,  when  very  perfect, 
and  the  sunbeam  small,  was  discovered  by  Professor  Frauenhofer,  of 
Munich;  he  observed  it  to  be  irregularly  subdivided  by  a number  of  dark 
bands  or  lines;  they  are  so  narrow  as  to  escape  observation  without  great 
care;  they  are  seen  when  the  spectrum  is  received  upon  the  object-glass  of 
a telescope,  or  by  viewing  a narrow  slit  between  two  nearly-closed  shutters, 
through  a very  perfect  prism,  held  close  to  the  eye,  with  its  refracting  angle 
parallel  to  the  line  of  light,  and  give  it  the  appearance  of  a striped  riband. 
They  are  always  found  in  the  same  parts  of  the  spectrum,  of  the  same 
breadths  and  intensities,  and  preserving  the  same  relations  to  one  another. 
They  are  very  numerous,  amounting  to  some  hundreds ; from  these, 
Frauenhofer  selected  seven,  and  determined  their  distances  so  accurately, 
that  they  form  invariable  points  of  reference  for  measuring  the  refractive 
powers  of  different  media.  They  are  also  seen  in  the  light  of  the  stars, 
in  electric  light,  and  in  the  flame  of  combustible  substances,  though  in 
each  case  differently  arranged,  each  having  a system  of  them  peculiar  to 
itself,  and  remaining  the  same  under  all  circumstances. 


* The  impression  of  light  upon  the  re- 
tuia  of  the  eye  continues  for  about  an 
eighth  part  of  a second,  so  that  a luminous 
point  revolving  with  a velocity  sufficient  to 
complete  the  circle  within  that  time,  ap- 


pears not  as  a point,  but  as  a circle  of 
light,  the  hnpression  made  on  it  in  every 
point  of  its  revolution  being  retained  for 
the  above  time.  Many  familiar  appearances 
are  referable  to  this  principle. 
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§ 15.  Chemical  Effects  of  the  Solar  Rays. 

The  object  of  the  preceding  sections  has  been  to  give  a mere  outline 
of  the  principal  physical  properties  of  light.  We  may  now  proceed  to 
the  consideration  of  some  other  phenomena  connected  with,  or  dependent 
upon,  the  solar  rays. 

No  one  can  have  failed  to  observe  the  differences  between  vegetables 
thriving  in  the  full  enjoyment  of  solar  light,  and  those  which  grow  in 
obscure  situations,  or  which  are  entirely  deprived  of  its  agency.  The 
former  are  of  brilliant  tints,  the  latter  dingy  and  white;  in  the  one,  the 
various  secretions  come  to  perfection ; in  the  other  they  are  either  modified 
or  disappear.  Of  this,  numerous  familiar  instances  might  be  cited,  espe- 
cially among  our  esculent  vegetables.  The  shoots  of  a potato  produced 
in  a dark  cellar  are  white,  straggling,  and  differently  formed  from  those 
which  the  plant  exhibits  under  its  usual  circumstances  of  growth.  Celery 
is  cultivated  for  the  table  by  excluding  the  influence  of  light  upon  its 
stem,  which  is  effected  by  heaping  the  soil  upon  it  so  as  to  screen  it  from 
the  solar  rays;  but  if  suffered  to  grow  in  the  ordinary  way,  it  soon  alters 
its  aspect,  throws  out  abundant  shoots  and  leaves,  and  instead  of  remain- 
ing white  and  of  little  taste,  acquires  a deep  green  color,  and  a bitter 
flavor.  The  interior,  or  heart  of  endive  is  not  eatable,  unless  protected 
from  light;  if  exposed  to  it,  it  becomes  disagreeably  bitter  and  tough. 
The  heart  of  the  common  cabbage  is  another  illustration.  The  rosy  and 
colored  aspects  of  the  side  of  fruits  exposed  to  the  sun  are  referable  to 
the  same  cause.  Changes  yet  more  remarkable  have  been  observed  in 
plants  vegetating  entirely  out  of  the  access  of  light.  In  visiting  a coal 
mine.  Professor  Robinson  found  a plant  with  a large  white  foliage,  the 
form  and  appearance  of  which  were  quite  new  to  him  : it  was  left  at  the 
mouth  of  the  pit,  when  the  subterranean  leaves  died  away,  and  common 
tansy  sprang  up  from  the  root. 

In  the  animal  creation  the  influence  of  light  is  equally  evident.  It  is 
curious  to  remark  the  dull  and  dingy  tints  of  polar  and  subterranean 
animals,  as  contrasted  with  the  gaudy  and  brighter  colors  of  those  which 
inhabit  the  tropical  regions  of  the  globe,  and  enjoy  the  full  sunshine.  In 
the  human  species,  too,  a due  quantity  of  light  is  requisite  to  health ; 
miners  are  generally  pallid  and  unhealthy;  and  the  inhabitants  of  the 
alleys  and  courts  of  London  indicate  a similar  want  of  its  beneficial  influ- 
ence; though  in  these  cases,  bad  air  and  poor  diet  also  contribute  to 
the  morbid  pallor. 

In  reference  to  the  above  and  similar  effects  of  light  upon  plants,  there 
can  be  little  doubt  that  they  chiefly  depend  upon  its  power  of  modifying 
the  chemical  changes  which  are  constantly  carrying  on  in  the  vegetable 
kingdom;  but  the  common  operations  of  the  laboratory  also  furnish  some 
striking  illustrations  of  the  injlnence  q/’  light  in  modify  in  g and  'promoting 
the  chemical  agencies  of  bodies. 

Hydrogen  and  chlorine  are  two  gases,  which,  when  mixed  and  kept 
in  the  dark,  are  nearly  without  action;  but  if  exposed  to  the  light  of  day, 
they  soon  act  upon  each  other,  and  unite  to  form  hydrochloric  acid;  and  if 
the  sun  shines  directly  upon  the  bottle  containing  them,  it  not  unfrcquently 
happens  that  they  inflame  and  explode  in  consequence  of  tbe  exaltation 
of  their  mutual  affinities  by  the  agency  of  the  solar  ravs.  AVe  have  an 
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analogous  instance  in  chlorine  and  carhonic  oxide  gas^  which,  when  mixed 
together,  remain  without  action  till  exposed  to  light;  they  then  combine 
chemically  with  diminution  of  volume,  and  produce  a compound,  which, 
from  the  mode  of  forming  it,  has  been  termed  phosgen  gas.  In  the 
same  way  also,  chlorine  and  water  gradually  react  upon  each  other  in  the 
sunshine,  forming  hydrochloric  acid  and  evolving  oxygen,  hut  are  mu- 
tually inactive  when  kept  in  the  dark. 

Some  of  the  salts  of  gold  and  of  silver,  especially  their  chlorides,  are 
remarkably  susceptible  tests  of  the  chemical  agency  of  light  : the  nitrate 
of  silver  may  be  selected  by  wmy  of  illustration.  If  a piece  of  paper  be 
dipped  into  a solution  of  this  salt,  and  kept  in  the  dark,  it  suffers  no 
apparent  change;  but  if  exposed  to  light,  it  soon  becomes  purple,  brown, 
and  black,  changes  of  color  depending  upon  a chemical  change  suffered 
by  the  salt.  A pretty  experiment,  showing  the  action  of  light  upon 
nitrate  of  silver,  was  devised  as  far  hack  as  the  year  1800  by  Mr.  T. 
Wedgwood  Royal  Inst.  Joiirn..^  i.  170)  : a piece  of  paper,  or  other 
convenient  material,  was  stretched  upon  a frame  and  sponged  over  with  a 
solution  of  the  salt;  it  was  then  placed  behind  a painting  upon  glass; 
and  the  light,  traversing  the  painting,  produced  a kind  of  copy  of  it  upon 
the  prepared  paper ; those  parts  in  which  the  rays  were  least  intercepted 
being  of  the  darkest  hues.  This  experiment  may  be  regarded  as  the 
origin  of  the  art  of  Photography.,  which,  in  the  hands  of  Mr.  Fox 
Talbot,  Sir  J.  Herschel,  and  Mr.  Alfred  Taylor,  has  attained  a high  degree 
of  interest  and  perfection. 

The  silver  compounds  most  susceptible  of  this  action  of  light  are 
those  in  which  certain  organic  substances  are  present,  and  especially  tannic 
or  gallic  acids,  and  these  sometimes  bring  out  the  effect  in  a very  extra- 
ordinary way.  A sensitive  paper,  for  instance,  for  receiving  images  in  the 
camera  obscura  is  prepared  as  follows:  it  is  first  washed  over  with  a solu- 
tion formed  by  dissolving  60  grains  of  crystallized  nitrate  of  silver  in  an 
ounce  of  water,  and  allowed  to  dry  spontaneously:  when  dry  it  is  to  be 
dipped  three  or  four  times  in  a solution  of  10  grains  of  iodide  of  potassium 
(or  5 of  the  iodide,  and  5 of  chloride  of  sodium,)  in  an  ounce  of  water,  and 
dried  by  pressure  between  folds  of  blotting  paper:  in  this  state  the  image 
is  thrown  upon  it,  (for  about  a minute  or  more,  according  to  the  intensity 
of  the  light,)  and  no  apparent  effect  is  produced;  but  if  it  now  be  pinned 
on  a board,  and  washed  over  with  a solution  of  4 grains  of  gallic  acid  in 
an  ounce  of  water,  (or  even  with  infusion  of  galls,)  in  a few  moments  the 
hidden  impression  comes  out.  (Channing.)  Some  further  details  illus- 
trative of  this  process  are  given  in  the  annexed  note  *,  extracted  from  a 


* ^^Preparation  of  the  Paper. — Take 
a sheet  of  the  best  writing  paper,  having  a 
smooth  surface,  and  a close  and  even  tex- 
ture. The  watermark,  if  any,  should  be 
cut  off,  lest  it  should  injure  the  appearance 
of  the  picture.  Dissolve  100  grains  of 
crystallized  nitrate  of  silver  in  six  ounces 
of  distilled  water.  Wash  the  paper  with 
this  solution,  with  a soft  brush,  on  one 
side,  and  put  a mark  on  that  side  whereby 
to  know  it  again.  Dry  the  paper  cautiously 
at  a distant  fire,  or  else  let  it  dry  sponta- 
neously in  a dark  room.  When  dry,  or 


nearly  so,  dip  it  into  a solution  of  iodide 
of  potassium  containing  500  grains  of  that 
salt  dissolved  in  one  pint  of  water,  and  let 
it  stay  two  or  three  minutes  in  this  solu- 
tion. Then  dip  it  into  a vessel  of  water,  dry 
it  lightly  with  blotting-paper,  and  finish 
drying  it  at  a fire,  which  will  not  injure  it 
even  if  held  pretty  near : or  else  it  may  be 
left  to  dry  spontaneously. 

“ All  this  is  best  done  in  the  evening  by 
candlelight.  The  paper  so  far  prepared 
the  author  calls  iodized  paper,  because  it 
has  a uniform  pale  yellow  coating  of  iodide 
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communication  of  Mr.  Talbot  to  the  Royal  Society  in  1841,  (^Proceedings 
of  the  Royal  Society,)  and  it  will  again  be  adverted  to  under  the  article 
Silver,  where  also  will  be  found  a notice  of  the  Dagi/errotype,  a subject 
involving  some  very  remarkable  effects  of  light. 

As  further  illustrations  of  the  extraordinary  chemical  influence  of 
light  we  may  refer  to  Sir  John  Herschel’s  “Researches  on  the  Action  of 
the  Rays  of  the  Solar  Spectrum  on  Vegetable  Colors,”  [Phil.  Trans.,  1840,) 
and  to  his  discovery  of  a process,  by  which  paper  washed  over  with  a 
solution  of  ammoniocitrate  of  iron,  dried,  and  then  washed  over  with  a 
solution  of  ferridcyanide  of  potassium,  is  rendered  capable  of  receiving 
with  great  rapidity  a photographic  image,  which,  from  being  originally 


of  silver.  It  is  scarcely  sensitive  to  light, 
but,  nevertheless,  it  ought  to  be  kej)t  in  a 
portfolio  or  a drawer,  until  wanted  for  use. 
It  may  be  kept  for  any  length  of  time  with- 
out spoiling,  or  undergoing  any  change,  if 
protected  from  the  light.  This  is  the  first 
part  of  the  preparation  of  Calotype  paper, 
and  may  be  performed  at  any  time.  The 
remaining  part  is  best  deferred  until  shortly 
before  the  paper  is  wanted  for  use.  When 
that  time  is  arrived,  take  a sheet  of  the 
iodized  paper  axiCi  wash  it  with  a liquid  pre- 
pared in  the  following  manner : — 

“ Dissolve  100  grains  of  crystallized  ni- 
trate of  silver  in  two  ounces  of  distilled 
water ; add  to  this  solution  one-sixth  of  its 
volume  of  strong  acetic  acid.  Let  this 
mixture  be  called  A.l 

“Make  a saturated  solution  of  crystal- 
lized gallic  acid  in  cold  distilled  water. 
The  quantity  dissolved  is  very  small.  Call 
this  solution  B. 

‘ ‘ When  a sheet  of  paper  is  wanted  for 
use,  mix  together  the  licjuids  A and  B in 
equal  volumes,  but  only  mix  a small  quan- 
tity of  them  at  a time,  because  the  mixture 
does  not  keep  long  without  spoiling.  The 
author  calls  this  mixture  the  gallo-nitrate 
of  silver. 

“Then  take  a sheet  of  iodized  paper 
and  wash  it  over  with  this  gallo-nitrate  of 
silver,  with  a soft  brush,  taking  care  to 
wash  it  on  the  side  which  has  been  previ- 
ously marked.  This  operation  should  be 
performed  by  candlelight.  Let  the  paper 
rest  half  a minute,  and  then  dip  it  into 
water.  Then  dry  it  lightly  with  blotting- 
paper,  and  finally  dry  it  cautiously  at  a 
fire,  holding  it  at  a considerable  distance 
therefrom.  When  dry,  the  paper  is  fit  for 
use.  The  author  has  named  the  paper 
thus  prepared  Calotype  paper,  on  account 
of  its  great  utility  in  obtaining  the  pictures 
of  objects  with  the  camera  obscura.  If 
this  paper  be  kept  in  a press  it  will  often 
retain  its  qualities  in  perfection  for  three 
months  or  more,  being  ready  for  use  at 
any  moment;  but  this  is  not  uniformly  the 
case,  and  the  author  therefore  recommends 
that  it  should  be  used  in  a few  hours  after 


it  has  been  prepared.  If  it  is  used  imme- 
diately, the  last  drying  may  be  dispensed 
with,  and  the  paper  may  be  used  moist. 
Instead  of  employing  a solution  of  crystal- 
lized gallic  acid  for  the  liquid  B,  the  tinc- 
ture of  galls  diluted  with  water  may  be 
used,  but  he  does  not  think  the  results  are 
altogether  so  satisfactory. 

■“  Use  of  the  Paper. — The  Calotype  paper 
is  sensitive  to  light  in  an  extraordinary 
degree,  which  transcends  a hundred  times 
or  more  that  of  any  kind  of  photographic 
paper  hitherto  described.  This  may  be 
made  manifest  by  the  following  experi- 
ment : — Take  a piece  of  this  paper,  and 
having  covered  half  of  it,  expose  the  other 
half  to  daylight  for  the  space  of  one  second 
in  dark  cloudy  weather  in  winter.  This 
brief  moment  suffices  to  produce  a strong 
impression  upon  the  paper.  But  the  im.- 
pression  is  latent  and  invisible,  and  its  ex- 
istence would  not  be  suspected  by  any  one 
who  was  not  forewarned  of  it  by  previous 
experiments. 

“ The  method  of  causing  the  impression 
to  become  visible  is  extremely  simple.  It 
consists  in  washing  the  paper  once  more 
with  the  gallo-nitrate  of  silver,  prepared 
in  the  way  before  deseribed,  and  then 
warming  it  gently  before  the  fire.  In  a 
few  seconds  the  part  of  the  paper  upon 
which  the  light  has  acted  begins  to  darken, 
and  finally  grows  entirely  black,  while  the 
other  part  of  the  paper  retains  its  w hite- 
ness. Even  a weaker  impression  than  this 
may  be  brought  out  by  repeating  the  wash 
of  gallo-nitrate  of  silver,  and  again  w^arm- 
ing  the  paper.  On  the  other  hand,  a 
stronger  impression  does  not  require  the 
warming  of  the  paper,  for  a wash  of  the 
gallo-nitrate  suffices  to  make  it  visible, 
withoutheat,inthe  course  ofaminute  ortwo. 

“ A very  remarkable  proof  of  the  sensi- 
tiveness of  the  calotype  paper  is  afforded 
by  the  fact  stated  by  the  author,  that  it 
will  take  an  impression  from  simple  moon- 
light, not  concentrated  by  a lens.  If  a leaf 
is  laid  upon  a sheet  of  the  paper,  an  image 
of  it  may  be  obtained  in  this  way  in  from 
a quarter  to  half  an  hour. 
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faint  and  sometimes  scarcely  perceptible,  is  immediately  called  forth  on 
being  washed  over  with  a neutral  solution  of  gold.  The  picture  does  not 
at  once  acquire  its  full  intensity,  but  darkens  with  great  rapidity  up  to  a 
certain  point,  when  the  resulting  photograph  attains  a sharpness  and 
perfection  of  detail  which  nothing  can  surpass.  To  this  process  he 
applies  the  name  of  Chrysoty'pe.  {Phil.  Trans. ^ 1842,  p.  206.) 

Scheele  was  the  first  to  whom  the  idea  occurred  of  ascertaining 
whether  all  the  rays  possessed  similar  chemical  powers,  or  whether  they 
belonged  more  exclusively  to  one  color  than  to  another;  and  he  found, 
upon  refracting  a beam  by  the  prism  into  its  primary  colors,  and  throwing 
them  upon  a piece  of  paper  prepared  with  nitrate  of  silver,  that  the  greatest 


“ This  paper  being  possessed  of  so  high 
a degree  of  sensitiveness,  is  therefore  well 
suited  to  receive  images  in  the  camera  ob- 
scura.  If  the  aperture  of  the  object  lens 
is  one  inch,  and  the  focal  length  fifteen 
inches,  the  author  finds  that  one  minute  is 
amply  sufficient  in  summer  to  impress  a 
strong  image  upon  the  paper  of  any  build- 
ing upon  which  the  sun  is  shining.  When 
the  aperture  amounts  to  one-third  of  the 
focal  length,  and  the  object  is  very  white, 
as  a plaster  bust,  &c.,  it  appears  to  him 
that  one  second  is  sufficient  to  obtain  a 
pretty  good  image  of  it. 

“The  images  thus  received  upon  the 
Calotype  paper  are  for  the  most  part  invi- 
sible impressions.  They  may  be  made 
visible  by  the  process  already  related, 
namely,  by  washing  them  with  the  gallo- 
nitrate  of  silver,  and  then  warming  the 
paper.  When  the  paper  is  quite  blank,  as 
is  generally  the  case,  it  is  a highly  curious 
and  beautiful  phenomenon  to  see  the  spon- 
taneous commencement  of  the  picture,  first 
tracing  out  the  stronger  outlines,  and  then 
gi'adually  filling  up  all  the  numerous  and 
complicated  details.  The  artist  should 
watch  the  picture  as  it  develops  itself,  and 
when  in  his  judgment  it  has  attained  the 
greatest  degree  of  strength  and  clearness, 
he  should  stop  further  progress  by  washing 
it  with  the  fixing  liquid. 

“ The  fixing  'process. — To  fix  the  pic- 
ture, it  should  be  first  washed  with  water, 
then  lightly  dried  with  blotting  paper,  and 
then  washed  with  a solution  of  bromide  of 
potassium^  containing  100  grains  of  that 
salt  dissolved  in  eight  or  ten  ounces  of 
water.  After  a minute  or  two  it  should  be 
again  dipped  in  water  and  then  finally  dried. 
The  picture  is  in  this  manner  very  strongly 
fixed,  and  with  this  great  advantage,  that  it 
remains  transparent,  and  that,  therefore, 
there  is  no  difficulty  in  obtaining  a copy 
from  it.  The  Calotype  picture  is  a nega- 
tive one,  in  which  the  lights  of  nature  are 
represented  by  shades ; but  the  copies  are 
positive,  having  the  lights  conformable  to 
nature.  They  also  represent  the  objects  in 
their  natural  position  with  respect  to  right 


and  left.  The  copies  may  be  made  upon 
Calotype  paper  in  a veiy  short  time,  the 
invisible  impressions  being  brought  &ut  in 
the  way  already  described.  But  the  author 
prefers  to  make  the  copies  upon  photogra- 
phic paper  prepared  in  the  way  which  he 
originally  described  in  a memoir  read  to 
the  Royal  Society  in  February,  1839,  and 
which  is  made  by  washing  the  best  writing- 
paper,  first  with  a weak  solution  of  com- 
mon salt,  and  next  with  a solution  of  ni- 
trate of  silver.  Although  it  takes  a much 
longer  time  to  obtain  a copy  from  this 
paper,  yet  when  obtained,  the  tints  appear 
more  harmonious  and  pleasing  to  the  eye; 
it  requires  in  general  from  3 minutes  to 
30  minutes  of  sunshine,  according  to  cir- 
cumstances, to  obtain  a good  copy  on  this 
sort  of  photographic  paper.  The  copy 
should  be  washed  and  dried,  and  the  fixing 
process  (which  may  be  deferred  to  a sub- 
sequent day)  is  the  same  as  that  already 
mentioned.  The  copies  are  made  by 
placing  the  picture  upon  the  photographic 
paper,  with  a board  below  and  a sheet  of 
glass  above,  and  pressing  the  papers  into 
close  contact  by  means  of  screws  or  other- 
wise. 

“ After  a Calotype  picture  has  furnished 
several  copies,  it  sometimes  grows  faint, 
and  no  more  good  copies  can  then  be  made 
from  it.  But  these  pictui'es  possess  the 
beautiful  and  extraordinary  property  of 
being  susceptible  of  revival.  In  order  to 
revive  them  and  restore  their  original  ap- 
pearance, it  is  only  necessary  to  wash  them 
again  by  candlelight  with  gallo- nitrate  of 
silver,  and  warm  them;  this  causes  all  the 
shades  of  the  picture  to  darken  greatly, 
while  the  white  parts  remain  unaffected. 
The  shaded  parts  of  the  paper  thus  acquire 
an  opacity  which  gives  a renewed  spirit  and 
life  to  the  copies,  of  which  a second  series 
may  now  be  taken,  extending  often  to  a 
very  considerable  number.  In  reviving  the 
picture  it  sometimes  happens  that  various 
details  make  their  appearance  which  had 
not  before  been  seen,  having  been  latent 
all  the  time,  yet  nevertheless  not  destroyed 
by  their  long  exposure  to  sunshine.” 
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blackening  efifect  was  produced  by  the  violet  ray,  and  that  the  decomposing 
or  chemical  powers  of  the  prismatic  spectrum^  gradually  decreased  towards 
the  red  ray,  where  scarcely  any  effect  was  produced.  This  result  was  quite 
contrary  to  expectation ; for  one  would,  of  course,  have  anticipated  the 
greatest  effect  in  the  most  luminous  part  of  the  spectrum. 

It  was  afterwards  discovered  by  Wollaston  and  Ritter,  {Phil.  Trans. ^ 
1802,  and  Philos.  Journal^  iv.  and  viii,,)  that  certain  invisible  rays,  occu- 
pying a place  in  the  spectrum  just  beyond  the  violet  extremity,  possessed 
a greater  power  of  effecting  chemical  changes,  than  the  violet  rays  them- 
selves ; and  it  has,  consequently,  been  inferred  that  such  distinct  rays 
emanate  from  the  sun,  possessed,  as  their  place  in  the  spectrum  shows,  of 
great  refrangibility:  and  that  the  colored  rays  (and  their  mixture,  consti- 
tuting white  light,)  derive  their  chemical  powers  from  the  admixture  of 
these  highly  refrangible  and  chemically  acting  rays,  which  are  most  abun- 
dant at  the  blue  end  of  the  spectrum,  and  gradually  decrease  towards  the 
red  or  least  refrangible  rays.  Thus,  it  was  found  that  the  greatest  black- 
ening effect  upon  the  salts  of  silver  was  produced  just  beyond,  and  out  of 
the  violet  ray : and  that  other  peculiar  chemical  effects  were  also  most 
manifest  in  the  same  spot.  It  must,  however,  be  observed,  that  the  place 
occupied  by  these  rays  in  the  spectrum  depends,  in  some  measure,  upon 
the  nature  of  the  medium  by  which  the  light  is  refracted*. 

Berard  found,  that  in  the  focus  obtained  by  concentrating  the  rays  of 
one-half  of  the  spectrum  (the  red  end),  chloride  of  silver  w^as  not 
blackened,  though  the  light  was  very  brilliant ; but  that,  in  the  darker 
focus  from  the  violet  half,  it  w^as  immediately  discolored.  (Gilbert’s 
Afinalen  der  Physik.^  xLvi.  376.)  Seebeck,  by  exposing  chloride  of 
silver  to  the  red  ray,  found  that  it  gradually  acquired  a pale  rose  color; 
and  that  the  rays  colored  by  transmission  through  colored  glasses, 
produced  the  same  general  effects  as  the  differently  colored  rays  of 
the  spectrum.  He  also  found  that  a piece  of  paper,  dipped  in  a 
neutral,  and  not  too-concentrated  solution  of  gold  (which  is  reduced 
by  light),  underwent  no  change  when  preserved  in  the  dark,  provided 
it  had  not  been  previously  exposed  to  light ; but  that,  if  exposed  for 
a short  time  to  the  sun’s  rays,  though  not  at  the  moment  discolored, 
and  then  kept  in  a dark  place,  it  gradually  became  purple,  and  the  gold 
was  reduced.  He  further  ascertained  the  protective  influence  of  the  red 
and  orange  rays  upon  the  chemical  influences  of  light ; thus,  paper  im- 
bued with  salts  of  silver  underwent  no  change  when  long  exposed  to  the 
solar  rays  in  tubes  of  orange-colored  glass;  and  chlorine  and  hydrogen 
did  not  combine  in  red  glass  tubes,  nor  under  the  influence  of  light  trans- 
mitted through  solution  of  bichromate  of  potassa.  (Draper.  Phil.  Mag., 
xvi.  81.)  In  the  manipulations  of  photography  lamps  glazed  with  yel- 
low, orange,  or  red  glass,  do  not  affect  the  unprotected  paper.  (Seebeck  s 
Essay  is  published  in  Goethe’s  Farbenlehre.  Quart.  Revieyv,  x.  427.) 
Herschel  observed  that  lime  water  added  to  solution  of  chloride  of  plati- 
num only  afforded  a precipitate  in  white  or  violet,  and  not  in  yellow  or 
red  light.  Etherial  solution  of  perchloride  of  iron  is  clianged  into  pro- 


* Sir  J.  Herschel  has  rendered  it  proba- 
ble that  the  solar  spectrum  includes  rays 
still  more  refrangible  than  the  violet:  they 


retain  a peculiar  lavender  or  grey  color  even 
when  concentrated. — Phil.  Trans.,  1840, 
p.  19. 
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tocliloride  behind  white  and  blue,  hut  not  red  glass;  and  etherial  solution 
of  corrosive  sublimate  affords  calomel  under  the  influence  of  the  former, 
but  not  of  the  red  light.  (A.  Vogel.)  Solution  of  peroxalate  of  iron  is 
decomposed  by  white,  violet,  and  blue  light  into  carbonic  acid  and  prot- 
oxalate ; but  neither  by  red  light,  nor  by  a boiling  heat.  (Dobereiner.) 
Grotthuss  [Phys.  Chem.  Schrifie.)  states  that  the  blue  solution  of  iodide 
of  starch  is  bleached  under  the  influence  of  white,  green,  and  yellow 
light,  yielding  hydriodie  acid;  that  red  and  blue  light  affect  it  but  little, 
and  that  it  is  unchanged  in  violet  light.  These  instances  may  here 
suflice  as  to  the  general  chemical  influences  of  the  various  modifications 
of  light;  a number  of  other  cases  will  be  adduced  under  the  history  of  the 
individual  substances  and  processes,  w'hich  are  particularly  affected  by  it. 

Ritter  (Gilbert’s  Annalen^  vii.  and  xii.)  and  Davy  {Elem.  Chem. 
Phil.)  have  assumed  that  the  opposite  ends  of  the  spectrum  possess  opposed 
chemical  powers,  something  like  the  opposed  electrical  poles,  but  of  this  we 
have,  as  yet  at  least,  no  satisfactory  experimental  evidence:  it  is  true  that 
Wollaston  found  a piece  of  paper  stained  yellow  with  tincture  of  guaiacum, 
to  become  green  in  the  violet  ray,  and  again  yellow  in  the  red;  but  he 
afterwards  observed  that  the  mere  heat  of  the  red  ray  produced  the  effect; 
and  many  vegetable  colors  are  as  effectually  bleached  by  heat  as  by 
light. 

The  general  effects  of  the  solar  rays  in  producing  chemical  and  electri- 
cal changes  have  been  also  elaborately  studied  by  E.Becquerel,  {Ann.  Ch. 
et  Ph..,  Nov.,  1843.) 

Many  years  ago,  Morichini  thought  that  he  had  communicated  mag- 
netism to  steel  wires,  by  exposing  them  to  the  rays  of  violet  light.  So 
curious  a result  attracted  much  notice,  and  his  experiments  were  repeated 
by  several  eminent  philosophers  with  very  various  success:  it  was  generally, 
hoAvever,  presumed  that  he  was  mistaken  in  his  conclusions,  and  that  the 
needles  had  acquired  magnetism  from  some  other  source.  The  subject 
was  afterwards  resumed  by  Mrs.  Somerville,  {Phil,  Trans..,  1826,)  who, 
from  a series  of  apparently  well-conducted  experiments,  arrived  at  the 
same  conclusion  as  Morichini.  It  must  however,  be  confessed,  that  there 
are  many  difficulties  in  the  way  of  attaining  perfectly  unexceptionable 
results  in  these  experiments;  and  whether  magnetism  is,  or  is  not,  pro- 
ducible by  the  sole  influence  of  light,  is  a question  not  definitively  settled, 
unless,  indeed,  the  experiments  of  Messrs.  Riess  and  Moser  {Edin. 
Journal  of  Science^  H.,  225,)  be  considered  conclusive  in  disproving  if^. 

§ 16.  Of  Radiant  Matter  as  a Source  of  Heat. 

Different  parts  of  the  prismatic  spectrum  have  different  heating 
powers.  If  we  cause  the  spectrum  to  fall  upon  a sheet  of  paper,  and 
gradually  pass  the  hand  through  it,  from  the  violet  to  the  red  end,  we 
shall  perceive  the  latter  to  be  sensibly  warmer  than  the  former ; and,  on 
^ delicate  thermometer  in  the  differently  colored  rays,  it  will 
be  found  scarcely  affected  by  the  blue ; in  the  green  it  rises;  and  in  the 
red,  shows  an  increase  of  several  degrees  of  temperature.  Assuming  the 


* The  decomposition  of  light  by  thin  plates, 
and  the  phenomena  of  diffraction,  are  ne- 
cessarily here  passed  over:  the  student 


wishing  to  pursue  these  subjects  is  there- 
fore referred  to  treatises  expressly  relating 
to  them. 
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heating  power  of  the  violet  rays  zr  16°,  that  of  the  green  is  26°,  and 
of  the  red  55°  *. 

The  observation  of  this  fact  suggested  to  Sir  W.  Ilerschel  the  proba- 
bility of  the  heating  power  of  the  spectrum  extending  heijoiid  the  red  ray, 
and,  on  applying  a thermometer  just  out  of  the  red  ray,  and  beyond  the 
limits  of  the  visible  spectrum,  this  was  found  to  be  the  case.  A thermo- 
meter in  the  red  ray  rose  seven  degrees  in  ten  minutes,  but  just  beyond 
the  red  ray,  the  rise  in  the  same  time  was  nine  degrees.  {Phil.  Trans.., 
1800.  See  also  the  repetition  of  these  experiments  by  Sir  H.  Englefield, 
and  by  M.  Berard.  Thomson’s  Annals,  II.,  136.) 

In  these,  as  in  the  former  experiments,  the  effects  are  modified  by 
the  nature  of  the  prism  used  to  refract  the  light : when  it  is  of  flint  glass 
the  phenomena  are  as  above  described;  but,  with  crown  glass,  water,  and 
other  refracting  media,  the  position  of  the  heating  or  calorific  rays  varies. 

It  appears,  then,  that  the  radiant  matter  of  the  sun  is  resolvable,  by 
refraction,  into  three  distinct  sets  of  rays;  those  producing  color ; those 
which  effect  certain  chemical  changes;  and  those  which  excite  heat; 
the  chemically  acting  rays  are  the  ynost  refrangible,  the  calorific  rays  the 
least  so,  and  the  colorific  rays,  or  those  producing  light  and  color,  pos- 
sess a 7nean  degree  of  refrangibility.  All  these  rays  are  susceptible  of 
refraction  and  reflection,  as  is  proved  by  their  concentration  into  a focus 
by  a concave  mirror  or  a lens;  in  which  case,  in  consequence  of  their 
different  refrangibilities,  the  heating  and  chemically  acting  focus  is  pro- 
bably not  absolutely  identical  with  the  luminous  focus.  From  the  expe- 
riments of  Berard,  Melloni,  and  Forbes,  the  chemically  acting  and  the 
heating  rays  are  also  susceptible  of  polarization. 

§ 17.  Terrestrial  Radiation,  and  the  Influence  of  various  Surfaces 
UPON  THE  Reception  and  Emission  of  Radiant  Matter. 

We  use  the  term  terrestrial  radiation,  to  designate  the  heat  and  light 
thrown  off  by  terrestrial  bodies  under  certain  circumstances,  especially 
at  high  temperatures,  as  when  they  are  red-hot,  or  burning;  that  is,  in  a 
state  of  ignition,  incandescence,  or  combustion.  We  also  well  know  that 
terrestrial  heat  radiates  from  bodies  at  temperatures  far  below  those 
required  for  ignition,  as,  for  instance,  from  a vessel  filled  with  hot  water. 
These  subjects  may  be  discussed  under  the  head  of  terrestrial  radiation. 

The  rays  which  emanate  from  heated  bodies,  whether  attended  or 
unattended  by  light,  may  be  rejlected  in  the  same  way  as  the  solar  rays, 
and  the  phenomena  connected  with  this  kind  of  radiation  are,  in  many 
respects,  extremely  curious  and  important : they  are  also  susceptible  of 
many  economical  applications,  for  in  this  country  it  is  to  radiant  heat 
that  we  are  chiefly  indebted  for  the  warmth  and  comforts  of  our  apart- 
ments in  winter;  the  construction  of  our  grates,  and  fire-places  in  general, 
being  such  as  to  carry  away  the  whole  current  of  the  heated  air  by  the 
chimney,  and  prodigally  waste  it  in  the  atmosphere ; they  consequently 
produce  their  warming  effects,  by  the  heat  which  emanates  from  the 
burning  fuel  and  heated  surfaces,  and  is  projected  or  radiated  upon  the 
surrounding  bodies  in  the  room. 


* Hence  the  idea  of  the  different-colored  rays  consisting  of  light  in  combination 
with  different  proportions  of  heat. 
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Several  important  facts  upon  the  subject  of  the  radiation  of  heat  were 
established  many  years  ago  by  Scheele  (in  his  treatise  on  Air  and  Fire, 
originally  published  in  1777)*  He  observed,  that  radiant  heat  passes 
through  air  without  communicating  heat  to  that  medium,  and  that  it  is 
not  intercepted  by  currents  in  the  atmosphere.  He  then  proceeded  to 
ascertain  how  far  it  coincided  with  solar  heat,  in  passing  through  glass, 
and  found  that,  although  the  light  of  a fire  or  of  a candle  passed  through  it, 
their  heat  was  arrested,  or  stopped  in  its  progress.  It  was  thus  thought 
that  a decided  difference  was  established  between  solar  and  terrestrial 
heat;  but  we  shall  find  that,  in  reference  to  this  experiment,  it  is  rather 
apparent  than  real,  and  partly  due  to  the  small  quantity,  or  intensity  of 
the  latter,  as  compared  with  the  former.  He  also  found  that,  when  a glass 
mirror  is  held  before  the  fire,  the  light  only  is  reflected,  wLile  the  heat  is 
absorbed,  and  the  mirror  itself  becomes  hot ; but  when  for  glass  we 
substitute  a mirror  of  polished  metal,  then  both  the  heat  and  the  light  are 
reflected,  and  the  metal  itself  not  heated : if,  however,  the  surface  of  the 
metal  be  covered  with  some  other  substance,  if  it  be  smoked,  for  instance, 
by  holding  it  over  a burning  candle,  then  the  surface  absorbs  the  rays  of 
heat,  and  the  mirror  of  metal,  like  that  of  glass,  becomes  itself  hot. 

These . observations  of  Scheele  led  Leslie  and  others  into  the  same 
path  of  inquiry,  and  we  have,  upon  the  whole,  a very  satisfactory  series 
of  experiments  upon  the  subject,  of  which  the  following  is  an  outline,  as 
far  as  the  principal  facts  are  concerned  — 

That  this  heat  radiates  from  bodies  in  right  lines,  and  is  susceptible  of 
reflection,  is  shown  by  placing  two  polished  concave  mirrors,  made  of 
planished  tin,  or,  what  is  better,  of  plated  copper,  exactly  opposite  to 
each  other,  and  about  ten  feet  asunder.  For  experiments  upon  a large 
scale,  the  mirrors  should  be  at  least  of  two  feet  diameter,  plated  with 
silver  and  burnished ; but  planished  tin-plate  mirrors  or  reflectors  of  one 
fo-^t  are  sufficient  for  all  common  illustrations.  A heated  body,  such,  for 
instance,  as  an  iron  ball,  or  a flask  of  boiling  water,  is  placed  in  the  focus 
of  one  mirror,  and  an  air-thermometer  in  that  of  the  other*.  The  ravs 
of  heat  then  impinge  on  the  one  mirror,  and  are  reflected,  consistently 
with  the  property  of  parabolic  mirrors,  in  parallel  lines,  so  as  to  fall  upon 
the  opposed  mirror,  whence  they  converge  to  its  focus,  in  which  is  the 
thermometer,  and  which  is  affected  proportionately  to  the  heat  of  the 
original  radiating  body. 


Let  A,  fig.  108,  repre- 
sent the  first  mirror;  b 
the  second ; c the  heated 
sphere  or  flask,  and  d 
the  air  - thermometer ; 
the  dotted  lines  show 
the  direction  of  the  ca- 
lorific rays. 

To  prove  that  the 


* The  foci  of  the  mirrors  are  best  found 
by  the  help  of  a lighted  candle,  the  heating 
focus  closely  corresponding  with  the  lumi- 
nous one;  and  in  these  experiments  the 
differential  thermometer  above  described  is 


most  satisfactorily  employed,  for  it  is  not 
affected  by  currents  or  general  changes  in 
the  temperature  of  the  room  in  which  the 
experiments  are  made. 
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tliermometer  is  not  affected  by  the  mere  proximily  of  the  heated  body, 
independently  of  any  actual  rejiection^  let  a sheet  of  pasteboard  be  held 
between  the  mirror  b and  the  ther- 
mometer ; the  latter  will  imme- 
diately indicate  the  absence  of  the 
quantity  of  heat  it  before  received, 
notwithstanding  the  source  is  as 
near  to  the  bulb  as  it  was  before. 

If  we  even  carry  the  ball  a little 
out  of  the  focus  of  the  mirror  a, 
by  advancing  it  gently  towards  the 
thermometer,  a diminution  of  heat 
will  be  perceived  in  the  latter,  in 
consequence  of  the  disturbance  of 
the  most  favorable  arrangement 
for  reflection.  Indeed,  the  distance 
between  the  heated  ball  and  the  air- 
thermometer  is  such,  that  notwith- 
standing the  delicacy  of  the  latter 
instrument,  it  would  not  be  affected, 
as  may  again  be  shown  by  removing 
one  or  both  of  the  mirrors,  and 
leaving  the  ball  and  thermometer  in 
their  same  relative  positions. 

Radiation  goes  on  from  surfaces 
in  all  elastic  media,  and  in  vacuo, 
and  is  no  wav  connected  with  aerial 
waves  or  pulsations.  By  igniting 
points  of  charcoal  by  the  voltaic 
battery  in  the  focus  of  a small  mirror 
confined  in  the  exhausted  receiver 
of  the  air-pump,  Sir  H.  Davy  found, 
that  the  receiver  being  exhausted  to 
the  effect  upon  the  thermo- 
meter in  the  opposite  focus  was 
nearly  three  times  as  great  as  when 
the  air  was  in  its  natural  state  of 
condensation.  «,  fig.  109,  is  the 
receiver,  bb  the  insulated  wires  con- 
nected with  the  voltaic  apparatus 
igniting  the  charcoal  in  the  focus  of 
the  upper  mirror  c.  In  the  focus  of 
the  lower  mirror  d is  the  thermo- 
meter e.  But  a great  part  at  least 
of  this  increased  effect  is  probably 
due  to  the  increase  of  heat  sustained 
by  the  charcoal,  when  thus  ignited 
in  vacuo,  as  compared  with  that 
which  it  acquires  in  the  air. 

If,  for  the  hot  bullet,  or  flame  of  a candle,  or  flask  of  boiling  water, 
we  substitute  some  more  copious  source  of  heat,  the  effects  will  be  pro- 
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portionately  great.  If  we,  for  instance,  place  a wire-basket  full  of  burning 
charcoal,  or  a piece  of  red  hot  iron  in  one  focus,  and  a piece  of  phosphorus 
in  the  other,  the  latter  will  be  immediately  inflamed ; in  the  same  way 
fulminating  silver  may  be  exploded,  a mixture  of  chlorate  of  potassa  and 
sulphuret  of  antimony  inflamed,  and  even  gunpowder  kindled.  And  for 
such  experiments  we  may  adopt  Sir  H.  Davy’s  plan  of  placing  the  mirrors 
vertically,  as  shown  in  fig.  109;  the  little  chafing-dish  is  in  the  focus  of  the 
upper  mirror,  so  that  all  the  heat  that  reaches  the  lower  mirror,  and  is 
concentrated  in  its  focus,  must  be  radiant  and  reflected,  for  the  current  of 
heated  air  will  pass  upwards  and  be  lost. 

For  the  conjugate  mirrors  we  may  occssionally  substitute  a sheet 
of  burnished  gold  or  silver  paper,  twisted  up  into  the  form  of  a trun- 
cated cone,  with  the  metallic  surface  inwards : on  holding  its  larger  end 
towards  a clear  fire,  or  before  a heated  ball  of  iron,  the  radiant  heat 
will  be  reflected  so  as  to  form  a focus  beyond  the  smaller  end,  where  a 
piece  of  phosphorus  or  a lucifer  match  may  be  kindled. 

The  intensity  of  the  calorific,  as  well  as  that  of  the  luminous  rays, 
decreases  as  the  squares  of  the  distance  from  the  substance  whence  they 
emanate.  A thermometer,  for  instance,  placed  at  the  distance  of  one 
foot  from  a heated  body,  will  indicate  the  reception  of  four  times  more 
heat  than  at  two  feet,  of  nine  more  than  at  four  feet,  and  of  sixteen 
times  more  than  at  three  feet.  (See  fig.  99.) 

If  we  substitute  a cold  body  for  the  heated  one,  a lump  of  ice,  for 
instance,  sprinkled  over  with  salt,  or  a thin  glass  flask  containing  a mix- 
ture of  snow  and  salt,  we  shall  then  observe  the  thermometer  in  the 
opposite  focus  to  be  affected  by  cold;  and  this  experiment  has  sometimes 
been  adduced  to  prove  that  cold  is  a distinct  form  of  matter.  It  has  been 
supposed  that  highly  attenuated  emanations  are  at  all  times  passing  off 
from  the  surfaces  of  all  bodies,  under  the  form,  and  producing  the  effects 
of,  radiant  matter^  the  temperature  excited  by  which  depends  upon  that 
of  the  emanating  body : that  hot  bodies  radiate  heat : that  we  perceive 
no  effect  from  bodies  at  common  temperatures,  because  their  radiant 
matter  is  of  the  same  temperature  as  that  of  the  thermometer  or  sub- 
stance upon  which  they  fall : but  that  cold  bodies,  on  the  contrary, 
throw  off  cold  radiant  matter,  and  hence  their  effect  upon  the  thermo- 
meter. It  has  been  assumed  that  the  actual  radiation  of  cold  is  proved 
by  placing  a plate  of  snow  or  bruised  ice  near  the  face,  when  an  effect 
of  cold  is  immediately  perceived,  and  may  be  intercepted  by  a sheet  of 
paper  or  other  screen  : that  temperaiure  therefore  is  merely  a relative 
term : and  that  we  may  suppose  ourselves  in  a temperature  so  high,  that 
red-hot  iron  would  radiate  cold ; or,  again,  in  a temperature  so  low,  that 
ice  would  radiate  heat. 

Sir  H.  Davy  observes,  in  reference  to  this  subject,  which  he  calls  the 
apparent  radiation  of  cold,  “ that  if  it  be  supposed  that  rays  capable  of 
producing  heat  emanate  from  all  terrestrial  bodies,  but  in  quantities 
greater  in  some  increasing  proportion  as  their  temperatures  are  higher, 
then  the  introduction  of  a cold  body  into  the  focus  of  one  mirror,  ought 
to  diminish  the  temperature  of  a thermometer  in  the  focus  of  the  other, 
in  the  same  manner  as  a black  body  placed  in  one  focus  would  diminisli 
the  quantity  of  light  in  the  other  focus ; and  the  eye  is  to  the  rays  pro- 
ducing light,  a measure  similar  to  that  which  the  thermometer  is  to  rays 
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producing  heat.”  {TLlements^  p.  206.)  Dr.  Turner  observes,  that  “ the 
thermometer  has  its  temperature  lowered  because  it  emits  more  rays  than 
it  receives,  and  it  rises  when  the  ice  is  removed,  because  it  then  receives 
a number  of  calorific  rays,  radiated  by  the  warmer  surrounding  objects 
which  were  interrupted  by  the  ice  whilst  it  was  in  the  focus.”  Daniell 
says,  “ the  thermometer  is  the  hotter  body,  and  radiating  its  heat  upon 
the  nearest  mirror,  the  rays  are  projected  upon  the  second,  and  collected 
in  the  focus,  where  they  are  absorbed  by  the  ice ; and  as  no  adequate 
return  is  made,  the  temperature  of  the  thermometer  necessarily  falls.” 

Influence  of  different  substances  and  surfaces  upon  the  recep- 
tion, TRANSMISSION,  AND  EMISSION  OF  RADIANT  HEAT.  It  liaS  been  Stated, 
that  if  a j)olished  melaUic  mirror,  of  a concave  or  parabolic  form,  be  held 
opposite  the  fire,  it  will  give  a heating  focus,  but  that  the  mirror  itself 
is  long  before  it  becomes  sensibly  warm ; that  is,  the  heat  which  impinges 
upon  it,  is  immediately  thrown  off  or  rejlecied.  If  we  now  cover  the 
surface  of  the  mirror  with  an  iinmetallic  coating,  or  if  we  merely  roughen 
the  surface,  and  then  hold  it  towards  the  fire,  a very  different  effect  ensues, 
and  now,  the  greater  part  of  the  radiant  heat,  instead  of  being  thrown 
off,  is  absorbed^  and  soon  heats  the  mirror,  as  for  instance,  with  a mix- 
ture of  chalk  or  lampblack  and  diluted  glue  or  gumwater. 

Here,  then,  the  receptive  powers  of  surfaces,  in  regard  to  radiant 
matter,  are  shown  materially  to  depend  upon  their  nature  or  mechanical 
texture.  In  further  illustration  of  this  subject,  a simple  experiment  may 
be  made  with  the  differential  air-thermometer : let  one  of  the  glass  bulbs, 
for  instance,  be  nicely  covered  with  a bright  coating  of  gold-leaf,  and 
leave  the  other  in  its  usual  state : place  the  instrument  thus  prepared 
upon  a table,  and  bring  a hot  poker  near  it,  taking  care,  however,  that  it 
is  equally  distant  from  both  bulbs,  or,  if  anything,  rather  nearer  the 
metallic  than  the  glass  surface.  Under  these  circumstances  it  will  be 
found,  that  by  far  the  greatest  effect  of  heat  is  produced  upon  the  glass 
ball,  from  which  the  fluid  in  the  tube  immediately  recedes,  notwith- 
standing heat  is  equally  applied  to  the  gilt  ball;  the  latter,  however,  re- 
fuses to  absorb  it,  while  the  former  imbibes  it,  and  has  its  temperature 
proportionately  augmented.  If,  instead  of  leaving  the  ball  clean,  it  be 
covered  with  a thin  coat  of  whitewash,  or  of  lampblack,  its  receptive 
power  will  be  still  greater. 

Although  the  texture  of  the  surface  is  shown  to  be  materially  con- 
cerned in  these  results,  it  does  not  appear  that  color  interferes ; black- 
wash  and  white-wash  are  equally  receptive  of  terrestrial  radiant  heat ; 
nor  does  it  appear  to  be  absorbed  in  larger  proportion  by  any  one  color 
than  by  another.  (Bache,  Journ.  Franklin  Institute;  May  and  Novem- 
ber, 1835.)  Dr.  Stark  indeed  (^Phil.  Trans.^  1836)  has  endeavoured  to 
show  that  color  does  interfere  in  these  cases ; and  he  gives  some 
curious  statements  respecting  its  influence  upon  the  reception  of  odors ; 
but  it  is  possible  that  the  texture  and  composition  of  the  materials 
employed  may  affect  the  results ; just  as  ivhiie  silk  is  a much  better 
insulator  of  electricity  than  black  silk ; not  on  account  of  color,  but  of 
dye-stuff. 

With  regard  to  solar  radiant  heat,  however,  the  case  is  different,  and, 
as  common  experience  teaches,  black  surfaces  absorb  it  much  more  greedily 
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than  white,  and  the  temperature  pi'oduced  appears  to  be  proportionate 
to  the  intensity  of  color"^.  If  pieces  of  cloth  of  different  colors  be 
exposed  to  the  sunshine  upon  the  surface  of  snow,  the  dark  colors  will 
sink  into  it,  in  consequence  of  the  heat  which  they  produce ; the  lighter 
colors  scarcely  effect  the  thawing  of  any  portion  ; and  white  remains 
inactive.  The  difference  between  a white  and  black  hat  in  heating  the 
head,  and  between  dark  and  light-colored  clothing  in  general,  is  well 
known  to  those  who  are  much  exposed  to  the  summer’s  sun.  Paint  the 
bulb  of  one  thermometer  black,  and  of  another  white,  and  expose  them 
to  the  sunshine ; the  former  will  indicate  a higher  temperature  than  the 
latter.  A similar  but  more  striking  experiment  may  be  made  with  the 
differential  thermometer.  Blacken  one  of  the  bulbs,  and  leave  the  other 
clean  and  transparent ; if  the  instrument  thus  prepared  be  exposed  to  the 
sunshine,  the  excess  of  heat  in  the  blackened  ball  is  immediately  indicated 
by  the  recession  of  the  liquid  from  it  to  the  clean  ball.  If  the  air  ther- 
mometer be  small  and  delicate,  it  is  even  susceptible  of  the  mere  impres- 
sion of  daylight,  which,  slightly  augmenting  the  temperature  of  the  black 
ball,  depresses  the  fluid  in  the  tube  annexed  to  it.  Hence  the  differential 
thermometer,  thus  constructed  and  applied,  has  been  called  a photometer  [, 
Another  illustration  of  this  effect  of  solar  rays,  consists  in  placing  a glass 
tube  containing  alcohol  or  ether  in  their  focus,  when  collected  by  a lens ; 
they  traverse  the  transparent  medium  without  heating  it ; but  upon 
putting  a piece  of  black  paper  into  the  liquid,  or  a piece  of  charcoal,  or  a 
strip  of  black  wood,  it  immediately  boils.  In  this  way  water  may  be 
heated  by  directing  the  focus  of  a lens  or  mirror,  exposed  to  the  sun,  upon 
good  receptive  and  opaque  surfaces  immersed  in  it. 

In  many  of  the  above  statements  there  seems  to  be  a manifest 
difference  between  solar  and  terrestrial  ladiant  heat ; but  this  is  probably 
rather  apparent  than  real ; in  the  solar  beam,  radiant  heat  and  light  are 
combined,  and  when  they  fall  upon  dark  surfaces  are  absorbed  together. 
The  quantity  of  radiant  matter,  too,  emanating  from  the  sun,  is  incom- 
parably great  in  reference  to  anything  produced  artificially.  The  solar 
beam  passes  through  a thin  plate  of  glass  without  decomposition,  and 
falling  upon  black  surfaces  upon  the  other  side,  is  absorbed  by,  and 
heats  them  : but  terrestrial  radiant  matter,  emanating,  for  instance,  from 
a lamp,  or  candle,  or  fire,,  suffers,  in  such  case,  a kind  of  decomposition  ; 
the  light  passes  through  the  glass,  but  part  of  the  heat  is  stopped  in  the 
progress;  in  the  case  of  the  sun’s  ray,  the  transmitting  glass  is  scarcely 
heated ; in  the  other  case,  the  glass  becomes  hot. 

It  was  formerly  supposed  that  terrestrial  heat  did  not  pass  through 


* It  has  hence  been  assumed,  that  the 
negro  must  suffer  more  from  heat  than  the 
European;  but  it  has  been  shown  by  Sir 
E.  Home  {Lectures  on  Comp.  Anatomy), 
that  the  sun’s  rays  are  absorbed  without  ill 
effect,  by  the  black  rete  mucosum,  whereas 
they  blister  and  scorch  the  white. 

t Pictet  first  employed  a blackened 
thermometer  as  a photometer.  Leslie  con- 
cluded, from  his  photometrical  experi- 
ments, that  the  light  of  the  sun  possessed 


12,000  times  the  intensity  of  that  of  a wax- 
candle,  so  that  a fragment  of  the  sun,  of 
the  size  of  such  a flame,  would  possess  the 
illuminating  power  of  12,000  candles. 
With  the  same  instrument  he  determined 
the  relative  transparency  of  substances: 
thus  he  found,  that  of  100  rays  of  light,  80 
passed  through  dry  cambric,  93  through 
wet  cambric,  49  through  thin  paper,  80 
through  oiled  paper,  &c. 
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glass,  and  that  glass  screens  were  as  effectual  as  opaque  ones  in  arresting 
the  heat  of  the  fire ; but  this  is  not  so ; the  most  intense  artificial  heat 
and  light  is  probably  that  produced  by  charcoal  ignited  by  voltaic  elec- 
tricity, and  when  a small  lens  is  placed  before  a brilliant  star  of  fire  so 
obtained,  and  its  focus  thrown  upon  an  air-thermometer,  an  elevation  of 
temperature  is  always  indicated.  (Brande,  Phil.  Trans..,  1820.)  Daniell 
has  shown  a similar  effect  in  the  rays  from  incandescent  lime.  {Phil.  Mag., 
N.  A.,  ii.  59.) 

There  are  other  well  known  instances  in  which  the  passage  of  com- 
mon radiant  heat  through  glass  is  evident ; if  we  stand,  for  instance, 
upon  the  outside  of  a shop-window  when  a gas-burner  within  is  suddenly 
lighted,  we  perceive  the  instantaneous  impulse  of  heat  upon  the  face; 
and  there  is  no  difficulty  in  causing  radiant  heat,  even  of  low  intensity, 
to  permeate  glass  and  other  transparent  media  in  very  thin  layers.  It 
was  formerly  assumed  that  in  these  cases  the  direct  transmission  of  the 
radiant  heat  was  apparent  only,  and  that  it,  in  fact,  was  absorbed  by,  and 
heated  the  glass,  which  therefore  itself  became  the  radiating  surface; 
an  objection  ingeniously  answered  by  Prevost,  who  transmitted  the 
heat  of  a flame  through  a thin  sheet  of  water,  issuing  from  a jet,  so 
that  the  nature  of  the  medium,  as  well  as  its  constant  motion,  prevented 
all  possibility  of  the  transfer  of  the  heat  by  any  other  method  than  direct 
radiation. 

Newton  conceived  that  radiant  matter  consisted  of  particles  emanat- 
ing from  luminous  and  heated  bodies  with  prodigious  velocity  ; these 
particles  he  imagined  might  be  of  different  sizes  ; the  smallest,  constitu- 
ting chemical  rays  and  violet  light,  being  the  most  refrangible  ; the  larger 
ones  forming  red  light  and  heat,  and  being  the  least  refrangible ; and 
some  have  assumed  that  the  matter  emanating  from  terrestrial  bodies 
might  be  so  constituted  as  to  be  arrested  by  those  transparent  media 
which  allow  a ready  passage  to  solar  rays.  Newton  put  the  query, 
“ Whether  light  and  common  matter  are  not  convertible  into  each  other?” 
And,  if  we  consider  sensible  heat  in  bodies  to  depend  upon  vibrations  of 
their  particles,  a certain  intensity  of  vibration  may  send  off  particles  into 
free  space ; and  particles  moving  rapidly  in  right  lines,  may  in  losing 
their  own  motion,  communicate  a vibratory  motion  to  the  particles  of 
terrestrial  bodies.”  (Davy’s  Elements,  p.  215.)*  The  explanation  of  the 
phenomena  of  radiant  heat  upon  the  undulatory  theory,  will  be  evident 
from  what  has  been  above  stated. 

But  our  knowledge  respecting  the  transmission  of  heat  through 
different  media  has  been  lately  much  extended  by  the  profound  and  im- 
portant researches  of  JMelloni.  (Ann.  Ch.  el  Ph.,  niii.  and  lv.  Taylor’s 
Scientific  Memoirs,  i.  and  iii.)  In  these  inquiries  he  availed  himself  of 
a very  delicate  thermo-electric  pile,  in  conjunction  with  an  equally 
sensitive  galvanometer,  employing  these  instruments  as  a means  of 
determining  changes  of  temperature,  or  as  substitutes  for  the  ordinary 
thermometer;  how  they  thus  act,  and  the  details  of  their  construction, 
will  be  explained  under  the  head  Electricity.  The  following  wood-cut 


* The  views  of  Newton  in  reference  to 
the  nature  of  radiant  matter  in  general, 
and  to  the  connection  of  the  phenomena  of 
sensible  heat,  with  those  of  vibrations  of 


the  particles  of  bodies,  will  be  found  in  the 
“ Queries”  attached  to  his  Optics,  and  are 
cjuoted  at  length  by  Sir  Humphrey  Davy, 
in  his  Elements  of  Chemical  Philosophy 
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represents  the  arrangement  of  the  different  parts  of  the  apparatus  which 
he  employed  : a (fig.  Ill)  represents  the  flame  or  heated  substance,  b a 
screen,  through  the  perforation  in  which  the  calorific  rays  pass  so  as  to 
impinge  upon  the  substance  under  experiment,  placed  upon  a stand  at 
c,  d is  the  tliermo-electric  arrangement  connected  with  the  galva- 


nometer e.  By  the  help  of  this  apparatus  Mellon!  has  shown  that 
heat  which  has  passed  through  one  plate  of  glass  becomes  less  sus- 
ceptible of  absorption  in  passing  through  a second.  Thus,  of  1 000  rays 
of  heat  from  the  flame  of  oil,  451  were  intercepted  in  passing  through 
four  plates  of  glass  of  equal  thickness,  of  which  381  were  intercepted  by  the 
first  plate,  43  by  the  second,  18  by  the  third,  and  9 by  the  fourth.  But 
perhaps  the  most  remarkable  of  his  discoveries  is  that  of  the  transmis- 
sion of  radiant  heat  through  certain  transparent  bodies  almost  without 
impediment,  while  others,  physically  analogous,  resist  its  passage ; nor  is 
this  passage  of  heat  dependent  upon  their  transparency  in  regard  to  light: 
the  latter  are  diaj)hanouSy  the  former  dialhermanous.  He  also  discovered 
a remarkable  difference  in  the  properties  of  the  rays  from  different  sources 
of  heat:  thus,  on  comparing  the  transmissive  or  diathermanous  power  of 
the  substances  enumerated  in  the  following  table,  (abridged  from  Ann, 
Ch.  et  Ph.,  Lv.  347,)  in  regard  to  the  rays  of  an  oil  flame,  of  red-hot 
platinum,  of  copper  heated  to  732°,  and  of  a thin  copper  vessel  blackened 
on  the  outside  and  filled  with  boiling  water,  he  obtained  the  annexed 
results  : — 


Names  of  the  Interposed  Substances.  Transmission  of  100  Rays  of  Heat  from 

Naked  oil  Red-hot  Copper  at  Copper  at 


Common  thickness  = 0*102  inch. 

flame. 

platinum. 

732^ 

212’. 

Rock  salt  (transparent  and  colorless)  . 

...  92 

92 

92 

92 

Fluor  spar  (colorless  and  transparent) 

78 

69 

42 

33 

Rocksalt  (clouded) 

65 

65 

65 

Beryl  

...  54 

23 

13 

0 

Fluor  spar  (greenish  and  transparent)  . 

...  46 

38 

24 

20 

Iceland  spar  

...  39 

28 

6 

0 

Mirror  glass  

..  39 

24 

6 

0 

Rock  crystal  (colorless) 

...  38 

28 

6 

0 

Rock  crystal  (brownish)  

...  37 

28 

6 

0 

Tourmaline  (dark  green)  

...  18 

6 

3 

0 

Citric  acid  (colorless) 

...  11 

2 

0 

0 

Alum  (colorless) 

...  9 

2 

0 

0 

Sugar  candy  (colorless) 

...  8 

0 

0 

0 

Fluor  spar  (green  translucent)  

...  8 

6 

4 

3 

Pure  ice  (colorless  and  transparent) 

..  6 

0 

0 

0 

Rock  salt  is  the  only  substance  whose  powers  of  transmission 

are  the 

same  for  heat  from  all  sources  and  all  intensities,  92  per  cent,  of  the  in- 
cident heat  passing  through  that  substance,  whether  radiating  from  a 
bright  flame  or  from  the  hand : sulphate  of  copper,  on  the  contrary,  not- 


RADIANT  HEAT, 


J13 


■vvithstancling  its  transparency  as  regards  light,  is  alhcrinamms^  or  opacj^ue, 
as  regards  heat. 

The  extraordinary  properties  of  rock  salt  in  regard  to  radiant  heat 
render  it  invaluable  in  these  researches  ; it  constitutes  “ the  true  glass  of 
radiant  heat,”  and  may  be  cut  into  lenses  and  prisms,  and  used  for  con- 
centrating heat  of  all  intensities,  and  decomposing  it  by  double  refraction, 
exactly  as  glass  is  in  regard  to  solar  rays. 

Of  100  rays  of  heat  from  the  same  source,  successively  incident  on 
water,  alcohol,  ether,  bisulphuret  of  carbon,  and  chloride  of  sulphur,  the 
transmitted  rays  were  1 1, 15,  21,  63,  and  63.  The  rays  transmitted  through 
similar  plates  of  colored  glass,  w'ere  with  violet  glass  53,  with  red  47, 
with  yellow  34,  with  blue  33,  and  with  green  26. 

It  would  further  appear  from  Mellonbs  experiments,  that  as  there  are 
varieties  of  light  characterized  by  different  colors,  so  there  are  different 
kinds  of  radiant  heat  dependent  upon  the  sources  whence  it  emanates. 
Rays  of  light  which  have  passed  through  blue  glass,  will  pass  more  readily 
through  a second  blue  glass  than  through  one  of  a different  color ; and 
calorific  rays  which  have  passed  through  water,  will  pass  more  readily 
through  a second  stratum  of  water  than  through  other  liquids  otherwise 
more  diathermanous.  Hence  it  follows  that  comparatively  little  additional 
heat  is  absorbed  either  by  increasing  the  number  or  thickness  of  screens 
of  the  same  material. 

Heat  was  first  shown  to  be  susceptible  of  polarization  by  reflection 
by  Berard ; and  Professor  Forbes  {Phil.  Mag.,  1835,)  and  Melloni 
{Ann.  Ch.  et  Ph.,  lxv.  5,)  have  shewn  that  it  may  be  polarized  by  mica 
and  by  tourmaline. 

Having  stated  these  facts  concerning  the  receptive  and  transmitting 
powers  of  bodies  in  regard  to  radiant  heat,  we  may  now  turn  our  atten- 
tion to  their  emissive  energies,  and  we  shall  find  that  those  bodies  which 
have  their  temperatures  most  easily  raised  by  the  action  of  rays  producing 
heat,  are  likewise  those  which  are  most  easily  cooled  by  their  own  radia- 
tion ; or  which,  at  the  same  temperature,  emit  most  calorific  rays ; in 
other  words,  the  receptive  and  emissive  powers  of  surfaces,  in  regard  to 
radiant  heat,  are  co-existent  and  co-equal. 

From  what  is  stated  above,  it  will  appear  that,  if  we  place  two  similar 
metallic  vessels  filled  with  water  before  the  fire,  the  surface  of  one  of 
the  vessels  being  clean  and  polished,  and  that  of  the  other  covered 
with  a thin  coat  of  lampblack,  the  former  will  receive  heat  much  more 
slowlj’-  than  the  latter  : a blackened  saucepan  set  near  a clear  fire  has 
its  contents  much  sooner  heated  than  a clean  and  bright  one  in  the  same 
situation. 

Let  us  now  reverse  the  experiment,  and  fill  the  blackened  and  the 
polished  vessel  respectively  with  hot  water,  and  putting  a thermometer 
into  each,  leave  them  upon  a table  at  a distance  from  each  other, 
and  not  near  the  fire,  and  it  will  be  found  that  the  thermometer  falls 
most  rapidly  in  the  blackened  vessel;  that  it  cools  much  sooner  than  the 
other. 

Another  way  of  showing  this  fact,  consists  in  painting  one  half  of  the 
surface  of  a convenient  tin  or  pewter  vessel  with  a mixture  of  lampblack 
and  gum-water,  and  leaving  the  other  half  or  side  clean  and  polished  ; 
if  it  then  be  filled  with  boiling  water,  no  very  delicate  instrument  is 
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requisite  to  prove  that  heat  is  thrown  "^off  much  more  quickly  from 
the  unmetallic  than  from  the  metallic  surface ; for  the  hand  brought  near 
the  former  feels  a much  greater  impression  of  heat  than  when  at  an  equal 
distance  from  the  latter.  If  we  paste  writing-paper,  linen,  or  thin  woollen 
cloth,  or  flannel,  upon  one  half  or  side  of  a canister,  and  leave  the 
other  side  clean,  a very  similar  effect  will  be  observed,  for  those  surfaces 
radiate  much  more  than  metals;  and,  accordingly,  a differential  thermo- 
meter brought  near  a canister  so  prepared,  will  be  aftected  at  a much 
greater  distance  by  the  covered  than  by  the  clean  surface.  In  one  of 
Count  Rumford’s  experiments  he  filled  two  similar  brass  cylinders  with 
hot  water,  one  of  which  was  tightly  covered  with  linen  and  the  other 
naked:  the  covered  vessel  cooled  10®  in  36*5',  while  the  naked  vessel 
required  55'. 

The  mutual  relation  of  the  receptive  and  emissive  powers  of  bodies 
in  regard  to  radiant  heat  is  well  shown  by  a form  of  experiment  devised 
by  Professor  Ritchie  (R.  I,  Joimial^  v.  305).  For  the  glass  bulbs  of  a 
differential  thermometer  he  substituted  two  hollow  discs  of  thin  metal 
plate  : the  surface  of  one  of  these  discs  was  bright,  and  of  the  other 
coated  with  lampblack.  Between  these  discs  he  plaeed  a similar  one 
filled  with  hot  water,  of  which  also  one  of  the  surfaces  was  bright  and 
the  other  coated : when  the  heated  disc  was  so  placed  between  the  ther- 
mometric discs  that  the  blackened  surface  of  the  one  opposed  the  metallic 
surface  of  the  other,  and  vice  versci^  no  effect  was  produced  upon  the 
thermometer ; but  when  the  similar  surfaces  were  opposed,  namely, 
black  to  black,  and  metal  to  metal,  the  thermometer  immediately  indi- 
cated a great  access  of  heat.  In  the  first  position  the  respective  actions 
of  the  surfaces  exactly  balanced  each  other : in  the  second  the  good 
radiator  was  opposed  to  the  good  receiver,  and  the  two  bright  surfaces 
to  each  other,  so  that  everything  favoured  the  effect  on  one  side,  and 
opposed  it  on  the  other,  and  hence  the  great  efi'ect  upon  the  ther- 
mometer. 

It  will  be  observed  that  these  effects  of  radiation  are  singularly 
opposed  to  the  conducting  powers  of  the  respective  surfaces.  If  we  touch 
'the  clean  part  of  the  canister  it  burns  us ; but  we  may  place  the  finger 
with  impunity  upon  the  paper  or  flannel,  which,  though  a good  radiato7\ 
is  a bad  conductor  of  heat. 

The  following  table  of  the  comparative  radiating  powers  of  different 
substanees,  is  drawn  up  from  Leslie’s  experiments  : — 


Lamp  black 100 

Sealing  wax 95 

Writing  paper 98 

Crown  glass  90 

China  ink 88 

Red  lead  80 

Isinglass  80 

Plumbago 75 


Tarnished  lead 
Clean  lead  .... 
Polished  iron 
Tin  plate 

Gold. 

Silver  .... 
Copper... 


Polished 


45 

19 

15 


12 


It  appears,  therefore,  that  those  surfaces  which  are  not  metallic,  such 
as  soot,  paper,  glass,  &c,,  are  much  better  radiators  of  heat  than  tar- 
nished metals,  lead,  or  iron ; and  that  these  latter  radiate  better  than  the 
polished  metals,  which  consequently  stand  at  the  bottom  of  the  list.  It 
will  also  be  recollected  that  the  above  numbers  represent  the  receptive  as 
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Avell  as  the  radiating  powers  of  the  respective  surfaces.  In  regard  to 
roughened  metallic  surfaces,  Leslie  found  their  radiating  powers  much 
dependent  upon  the  manner  in  which  they  had  been  scratched ; when  a 
number  of  lines  were  scratched  in  one  direction  upon  a bright  metal,  the 
force  of  radiation  was  increased : he  then  drew  the  same  number  of 
lines,  but  so  that  they  crossed  each  other  at  right  angles,  and  a still  greater 
radiant  power  was  obtained  ; as  if  it  depended  upon  the  number  of  points 
produced. 

The  different  radiating  powers  of  metallic  surfaces  is  stated  by 
Melloni  to  be  connected  with  differences  in  their  densities.  He  formed 
two  silver  vessels,  one  of  well  hammered  plate,  the  other  of  cast  and 
slowly  cooled  metal ; one  side  of  each  was  highly  polished,  and  the  other 
scratched  with  emery-paper  in  one  direction  only.  On  filling  them  with 
hot  water,  he  found  the  following  differences : — 

Hammered  metal  polished  = 10^  I Cast  metal,  polished = 13°’7 

Ditto  scratched  = 18°  | Ditto,  scratched = 11°*3 

The  polished  surface,  therefore,  of  the  cast  metal,  radiated  much 
better  than  that  of  the  forged,  showing  the  superiority  of  inferior  density ; 
hut  with  the  scratched  surfaces,  the  radiation  is  in  favour  of  the  hammered 
or  denser  metal,  an  effect  which  Melloni  refers  to  the  compression  of  its 
surface  by  the  friction  of  the  emery. 

Let  us  now  look  at  some  of  the  economical  applications  of  the  facts 
arising  out  of  the  philosophy  of  radiation. 

Before  much  was  known  respecting  the  radiating,  and  consequent 
cooling  power  of  different  surfaces,  it  was  presumed  that  vessels  of 
earthenware  or  porcelain  were  better  calculated  to  retain  heat,  than 
those  of  metal ; it  was  rightly  argued,  that  the  latter  were  by  far  the  best 
conductors  of  heat,  and  it  was  inferred,  therefore,  that  they  would  lose 
heat  to  the  surrounding  air  more  rapidly  than  bad  conductors.  Expe- 
rienced tea-makers,  however,  always  maintained  that  the  best  tea  was 
made  in  a bright  silver  vessel,  and  that  earthen  teapots  were  of  far  in- 
ferior power  ; the  former  were  said  to  draw  much  better  than  the  latter. 
This  opinion  we  now  know  is  correct,  and  the  obvious  reason  for  the  pre- 
ference is,  that  the  water  retains  its  heat  longer  in  the  metal  than  in  the 
porcelain  vessel,  and  consequently  extracts  the  soluble  matter  of  the  tea- 
leaves  more  completely. 

“ Vessels,”  says  Sir  H.  Davy,  “ that  are  intended  to  retain  their  heat, 
should  be  metallic,  and  highly  polished  ; and,  independent  of  elegance 
and  delicacy,  there  is  a reason,  obvious . from  the  preceding  facts,  why 
metallic  vessels  for  the  purposes  of  the  table  should  be  kept  as  bright  as 
possible.  Steam  or  air  pipes  for  warming  houses,  should  be  polished  in 
those  parts  where  the  heat  is  not  required  to  be  communicated,  and 
covered  with  some  radiating  substance,  such  as  lampblack  or  plumbago, 
in  those  rooms  which  are  to  be  heated  by  them.  Culinary  implements 
should  be  blackened,  and  not  polished,  on  those  parts  which  are  to  receive 
heat.  The  heated  surfaces  of  fire-places  or  stoves  should  not  be  metallic, 
but  of  stony  or  earthy  materials  ; and  in  this  case,  much  more  heat  will 
be  communicated  by  radiation.” 

It  is  obvious,  that  whenever  radiant  heat  is  to  be  absorbed,  rough 
unmetallic  surfaces  should  be  employed ; and  these,  in  the  case  of 
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solar  rays,  may  be  blackened,  in  order  to  render  the  heat  more  intense. 
Brick  walls  are  excellent  absorbers  and  radiators  of  heat,  and  when 
exposed  to  the  suns  rays  they  become  very  hot ; afterwards,  when  the 
sun  goes  off,  they  again  radiate  the  heat  which  they  had  previously 
received,  and  which  caused  their  excess  of  temperature  over  the  sur- 
rounding bodies.  Walls  against  which  fruit-trees  are  planted  are  some- 
times painted  black,  in  order  to  get  the  highest  possible  degree  of  heat 
during  their  exposure  to  the  sun  ; but  it  is  not  found  that  the  fruit  is 
thus  improved. 

The  way  in  which  we  receive  heat  from  our  ordinary  fire-places  will 
now  be  intelligible,  and  it  will  be  evident  that  it  is  principally  by  radia- 
tion, the  hot  and  dilated  air  making  its  escape  up  the  chimney,  attended 
by  an  enormous  waste  of  heat,  and  consequently  also  of  fuel.  The  heat 
Avhich  radiates  from  the  glowing  coals,  and  from  the  heated  surfaces 
about  the  grate,  is  projected  into  the  chamber,  traversing  the  air  without 
heating  it,  and  impinging  upon  the  ditferent  bodies  around,  is  received  by 
them  with  different  degrees  of  facility,  dependent  upon  the  nature  of 
their  surfaces : the  carpet,  and  all  similar  surfaces  absorb  the  radiant  heat 
Avith  facility;  furniture  and  Avooden  articles  become  also  heated;  and 
these  radiate  in  their  turn,  and  throw  off  their  excess  of  heat  above  that 
of  surrounding  bodies.  They  also  Avarm  and  dilate  the  air  in  contact 
with  them,  and  thus  the  heat  becomes  more  or  less  equally  diffused 
throughout  the  chamber.  Our  clothes  are  also,  in  general,  good  absorbers 
of  heat ; so  is  the  skin  or  cuticle ; and  by  the  absorption  of  the  radiant 
heat  Ave  get  warm  on  standing  before  the  fire,  at  least  upon  that  side  or 
part  Avhich  is  exposed  to  it.  This  partial  reception  of  heat  by  wkich  Ave 
are  burned  on  one  side,  while  the  other  may  be  very  cold,  is  one  of  the 
great  objections  to  our  common  mode  of  warming  apartments ; and  an- 
other is,  that  in  Avinter,  one  part  of  the  room  is  only  comfortable,  whilst 
others  are  disagreeably  cold.  In  rooms  heated  by  throwing  into  them  a 
current  of  warm  air,  such  inconveniences  are  not  experienced ; but  then, 
unless  there  is  at  the  same  time  a thorough  ventilation,  they  produce  a 
sensation  of  closeness  which  is  unpleasant  to  those  accustomed  to  open 
chimneys  and  fires.  A combination  of  the  two  systems  is  the  most  effi- 
cacious and  pleasant ; Avarm  air,  properly  and  judiciously  admitted  at  the 
parts  of  the  room  furthest  from  the  fire;  and  an  open  grate,  to  assist  in 
warming,  and  to  accomplish  a perfect  ventilation.  Grates  or  stoves  have 
lately  been  contrived  in  AAdiich  there  is  an  open  fire  as  usual,  and  AAffiich 
also  throw  out  a stream  of  Avarm  air,  heated  by  being  made  to  pass 
from  below  upAvards  through  a double  casing,  surrounding  all  the  heated 
parts  of  the  grate;  these  stoves,  Avhen  properly  made  and  applied,  are 
extremely  effective  and  economical. 

But  it  is  seldom  recollected  that  all  attempts  to  render  any  individual 
apartment  in  a house  uniformly  Avarm,  Avill  be  frustrated,  unless  the  mass 
of  air  in  the  halls  and  staircases  is  also  heated;  this  is  most  effectually 
accomplished  by  a properly-constructed  stove  upon  the  basement  story, 
and  although  the  expense  of  such  an  arrangement  is  considerable  at  first, 
it  will  be  found,  if  properly  and  judiciously  made,  to  effect  a material 
annual  saving  in  fuel.  Dr.  Arnott’s  stoves  are  also  excellently  adapted  to 
many  of  these  purposes.  Whilst  upon  this  subject  I may  be  alloAved  to 
leinark,  that  it  is  to  be  regretted  that  architects  and  builders  are  in  general 
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inattentive  to  proper  provisions  for  warming  and  ventilation,  both  as 
concerns  dwelling-houses  and  public  edifices. 

From  what  has  been  elsewhere  stated  respecting  the  conducting  and 
carrying  powers  of  bodies,  in  respect  to  heat,  and  from  the  phenomena 
of  radiation,  it  is  obvious  that  when  a body  is  allowed  to  cool  in  the 
air,  its  heat  will  be  carried  away,  first,  by  the  absolute  conducting 
power  of  the  medium ; secondly,  by  currents  established  in  it,  in  conse- 
quence of  change  of  density;  and  thirdly  by  radiation;  and  that  the  sepa- 
rate influence  of  each  of  these  causes  must  be  considered.  Supposing, 
however,  a body  to  be  placed  in  a perfect  vacuum^  its  heat  would  be 
dissipated  by  radiation  only;  to  determine,  under  these  circumstances,  the 
rate  of  cooling,  an  elaborate  inquiry  has  been  undertaken  by  MM.  Dulong 
and  Petit  {Ann.  Ch.  et  Pk.,  vii.);  but  the  details  rather  belong  to  phy- 
sical than  chemical  science.  It  appears  that  bodies  cool  about  twice  as 
fast  in  the  air  as  in  vacuo:  Dr.  Franklin  conceived  that  a body  requiring 
five  minutes  in  vacuo,  would  cool  through  the  same  number  of  degrees 
in  air  in  two  minutes.  Count  Rumford  gives  the  proportions  of  five 
minutes  and  three.  But  the  rate  of  cooling  will  much  depend  upon  the 
relative  temperature  of  the  body,  and  it  will  lose  unequal  quantities  of 
heat  in  equal  times,  forming,  according  to  Newton,  a decreasing  geome- 
trical progression.  Thus,  supposing  the  temperature  of  a body  to  be 
1000°  above  the  surrounding  medium,  and  that  it  w'ere  to  lose  100°  of 
heat  in  the  first  minute,  it  would  lose  1-lOth  of  the  remaining  900°  in 
the  second  minute,  (or  90°,)  and  l-lOth  of  the  residual  810°  (or  81°) 
during  the  third  minute,  and  so  on;  so  that  the  number  of  degrees  lost 
during  the  first  five  minutes,  Avould  be  100,  90,  81,  7‘29,  and  65‘6.  This 
law"  of  cooling,  how^ever,  though  perhaps  tolerably  correct  at  low  tempe- 
ratures, becomes  liable  to  much  error  at  high  ones,  the  error  increasing  as 
the  temperature  augments. 

The  general  laws  of  the  radiation  of  heat  Avhich  have  been  deduced 
from  the  preceding,  and  other  experimental  data,  are  principally  the 
following : 

1.  Like  all  other  emanations,  its  intensity,  in  a vacuum,  varies  in  the 
ratio  of  the  inverse  square  of  the  distance  from  the  radiating  point:  in  air, 
and  in  the  various  gases,  the  decrease  is  someAvhat  accelerated  in  conse- 
quence of  partial  absorption. 

2.  The  amount  of  radiation,  or  in  other  words,  the  rate  at  which  a 
body  parts  wdth  its  heat,  is  proportional  to  the  excess  of  the  temperature 
of  the  body  above  that  of  the  medium  in  w"hich  it  is  placed  : it  follow's, 
as  above  stated,  from  this  principle,  which  was  assumed  by  NcAvton,  that 
if  the  times  of  cooling  be  taken  in  an  arithmetical  progression,  the  heat 
will  decrease  in  a geometrical  progression ; the  principle,  hoAvever,  as  Ave 
have  had  occasion  to  remark,  is  found  by  experiment  only  to  hold  good 
Avithin  a certain  range  of  temperature,  not,  for  instance,  exceeding  about 
50°  of  Fahrenheit’s  scale.  At  the  higher  temperatures,  Dulong  and  Petit 
found  the  rate  of  cooling  to  be  more  rapid  than  in  the  ratio  just  stated. 

3.  All  bodies  placed  in  an  inclosed  space  assume,  in  time,  the  tempe- 
rature of  the  inclosure. 

4.  Heat  is  emitted  from  every  point  of  the  surface  of  a hot  body  in 
all  directions ; and  the  intensity  of  the  heating  ray  is  as  the  sine  of  the 
angle  Avhich  it  makes  Avith  the  surface.  This  result,  AAdiich  is  by  no 
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means  obvious,  was  discovered  by  Leslie ; and  its  physical  cause  is,  that 
radiation  takes  place,  not  from  the  surface  alone,  but  fiom  particles 
situated  within  a certain  minute  but  sensible  depth,  which  is  different 
for  different  surfaces. 

5.  The  intensity  of  radiation  varies  with  the  nature  of  the  radiating 
body  and  the  state  of  its  surface  with  regard  to  polish,  color,  and  source 
of  heat : it  is  greatest  for  rough  surfaces,  and  least  for  smooth  and 
polished,  and  especially  for  bright  metallic  surfaces. 

The  actual  velocity  of  the  propagation  of  radiant  heat  through  space 
is  unknown,  but  it  is  probably  very  great,  and  not  inferior  to  that  of 
light.  (See  Leslie’s  Exi^erimental  Inquiry.  Prevost,  Essai  stir  la 
Calorique  rayotinante^  1800.  Fourier,  Theorie  Analytiqne  de  la  Chalew\ 
1822.  Laplace,  Mecanique  Celeste^  V.  Poisson,  Theorie  Malhematique 
de  la  Chaleut\  1835.  Kelland’s  Theory  of  Heat.,  1837-  Reports  to  the 
British  Association.,  1832,  1835,  1840.) 

§ 18.  Phosphorescence. 

This  term  is  generally  applied  to  those  bodies  which  shine  in  the  dark, 
without  undergoing  combustion,  though,  in  some  cases,  a low  form  of 
combustion  goes  on  at  common  temperatures,  or  when  substances  are  only 
slightly  heated,  which  has  occasionally  been  confounded  with  the  lumi- 
nosity of  phosphorescence.  (See  a report  upon  this  subject,  by  Dr.  C. 
Williams,  in  the  Proceedings  of  the  British  Association.,  iv.  588.)  The 
products  of  combustion  (properly  so  called),  at  different  temperatures, 
will  be  noticed  in  the  sequel.  The  varieties  of  phosphorescence  may  be 
considered  under  the  following  heads : — 

1.  Bodies  which  become  luminous  after  having  been  exposed  to  light, 
and  which  are  generally  called  solar  phosphori. 

2.  Bodies  which  become  luminous  when  moderately  heated. 

3.  Bodies  of  vegetable  and  animal  origin,  which  are  spontaneously 
luminous  at  common  temperatures. 

1.  Solar  Phosphori.  The  attention  of  philosophers  was  first  drawn 
to  this  curious  subject,  by  an  accidental  discovery  of  Yincenzio  Cascariolo, 
a shoemaker  of  Bologna,  who  (about  the  year  1 630),  being  engaged  in 
some  alchemical  experiments,  had  occasion  to  calcine  a quantity  of  a 
species  of  native  sulphate  of  baryta.,  found  near  Bologna,  at  Monte 
Paterno.  (Aikin’s  Dictionary,  Art.  Phosphori.)  He  observed  that, 
whenever  the  spar  had  been  sufficiently  heated,  it  acquired  the  property 
of  shining  in  the  dark  after  having  been  exposed  to  the  sun’s  rays,  and 
that  it  would  even  continue  thus  to  emit  light  for  some  hours.  In  conse- 
quence of  this  discovery,  the  Bolognian  spar  came  into  great  request 
among  the  curious ; and  the  best  mode  of  preparing  the  Bolognian  phos- 
phorus, as  it  was  called,  became  a subject  of  no  small  pecuniary  import- 
ance. The  most  successful  preparers  of  it  were  a family  of  the  name  of 
Zagoni,  who  continued  to  supply  large  quantities  of  it  to  the  curious 
throughout  Europe,  and  retained  their  monopoly  for  many  years.  Their 
process  is  not  exactly  known;  but  if  the  spar  be  powdered,  and  made  into 
thin  cakes,  with  mucilage  of  gum  tragacanth,  and  then  carefully  calcined 
in  the  open  fire,  and  suffered  to  cool  slowly,  they  will  be  found  to  answer 
the  purpose : that  is,  they  will  glow  for  some  time  in  a dark  room,  after 


SOLAR  PHOSPIIORL 


119 


Laving  been  exposed  to  sunsliine.  Some  management,  wliicli  can  only 
be  learned  by  practice,  is  requisite  in  conducting  tbe  calcination.  Any 
variety  of  native  sulpbate  of  baryta  will  answer  for  the  above  prepara- 
tion, but  that  which  is  massive,  nearly  opaque,  and  of  a lamellar  fracture, 
furnishes  tbe  most  luminous  product. 

There  are  many  other  substances  possessed  of  properties  analogous  to 
those  just  described.  For  the  discovery  of  one  of  these  we  are  indebted 
to  Canton,  by  whose  name  it  is  usually  known.  Canton  s phosphorus  is 
made  by  calcining  oyster- shells  in  the  open  fire  for  half  an  hour;  after 
which  the  whitest  and  largest  pieces  are  selected,  mixed  with  about  one- 
third  their  weight  of  flowers  of  sulphur,  pressed  into  a crucible  with  a 
closely  luted  cover,  and  heated  red-hot  for  an  hour.  When  the  crucible 
has  become  quite  cold,  turn  out  its  contents,  and  select  the  whitest  pieces 
for  use.  (Phil.  Trans..,  xLviii.  337*) 

For  the  following  solar  phosphorus,  we  are  indebted  to  Mr.  B.  Wilson 
(On  Phosphoric  p.  20)  : — “ Select  a score  of  oyster- shells,  the  thicker  they 
are  the  better;  then  take  most  of  the  flaming  coals,  but  not  all  of  them, 
off  a fire  that  is  burning  briskly,  strew  the  shells  over  the  surface, 
and  replace  the  coals  that  have  been  taken  off.  In  about  an  hour’s 
time  take  out  the  calcined  shells,  observing  to  break  them  as  little  as 
possible;  and  after  exposing  them  for  a few  minutes  to  the  light,  they 
will  be  found  to  have  acquired  a high  degree  of  phosphorescence,  glowing 
in  the  dark  in  a very  beautitul  manner,  with  most  of  the  prismatic  colors. 
It  is  not,  however,  absolutely  necessary  that  the  shells  should  be  calcined 
in  the  open  fire,  for  if  they  are  heated  sufficiently  in  a close  crucible,  they 
will  exhibit  prismatic  colors,  chiefly  blue  and  green,  though  not  so  bright 
as  by  the  former  method.  If  the  calcination  is  effected  in  an  iron  crucible, 
all  those  parts  of  the  shells  that  have  been  in  contact  with  the  sides  of 
the  crucible  will  glow  with  a red  light.  The  contact  of  inflammable 
matter,  and  particularly  charcoal,  with  the  shells  during  their  calcination, 
appears  eminently  to  contribute  to  the  brilliancy  of  the  phosphorus. 
Hence  it  is  that  if  the  shells  are  calcined  in  a crucible,  in  contact  with 
thin  plates  of  steel,  (steel  being  a compound  of  iron  and  charcoal,)  the 
phosphorus  thus  produced  will  be  much  more  bright,  and  of  more  various 
colors  than  when  plates  of  iron  are  employed ; and,  on  the  other  hand, 
if  flat  pieces  of  charcoal  are  made  use  of,  the  intensity  of  the  colors, 
especially  of  the  blue,  green,  and  red,  is  far  greater  than  in  those  produced 
by  the  steel.” 

Another  solar  phosphorus  is  that  discovered  by  Balduin.  It  is  made 
by  saturating  diluted  nitric  acid  with  chalk,  and  evaporating  to  dryness, 
by  which  a nitrate  of  lime  is  obtained.  This,  when  melted  at  a dull  red 
heat,  cools  into  a compact  mass,  which  has  the  property  of  imbibing  and 
emitting  light.  (Phil,  Trans. ^ 1675.) 

It  has  been  observed,  in  regard  to  these  solar  phosphori  in  general, 
that  their  luminous  power  is  diminished  by  cold,  and  increased  by  heat; 
that  they  are  more  brilliant  in  dry  and  warm  than  in  wet  and  cold 
weather;  that  they  shine  most  intensely  after  exposure  to  direct  sun- 
shine ; but  that  some  of  them,  especially  the  oyster- shells,  exhibit  their 
phosphorescence  when  carried  into  a dark  place,  after  mere  exposure  to 
ordinary  daylight.  It  is  sometimes  said,  that  they  absorb  ^the  same 
colored  light  as  that  to  which  they  are  exposed,  and  that,  if  exposed  to 
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red  light,  they  give  out  red,  to  green,  green  light,  and  so  on;  hut  this 
appears  to  be  a mistake,  the  colors  of  the  light  being  white  or  reddish 
white,  and  often  prismatic ; hut  independent  of  the  colors  of  the  rays  to 
which  they  have  been  exposed.  Moonlight  is  inadequate  to  render  these 
bodies  luminous;  but  the  flash  of  gunpowder,  the  light  of  a bright  candle 
or  lamp,  or  of  an  electric  explosion,  suffices  to  make  them  shine  more 
or  less  intensely.  The  blue  end  of  the  spectrum,  and  blue  and  violet 
light  are  more  effective  in  giving  intensity  of  phosphorescence  to  these 
substances,  than  the  green  or  yellow  rays;  and  red  light  is  almost 
inefficient. 

The  above  are  the  most  remarkable  solar  phosphori,  but  there  are 
several  other  substances  possessed  of  very  similar  properties,  such  as  some 
diamonds,  rock-crystal  with  its  surface  roughened,  certain  saline  bodies, 
and  writing-paper:  these,  however,  are  less  powerfully  luminous,  and 
require  good  management  to  be  observed.  They  should  be  brought  out 
of  the  light  to  the  observer,  who  should  be  stationed  in  a small  closet, 
painted  black  on  the  inside,  and  with  a black  curtain  hung  up  before  the 
door.  (Beccaria,  Acta  Bologfi.,  1^44 — 1747,  and  Phil,  Trans.,,  Lxi.  212. 
See  also  Heinrich,  Bib.  Univ..,  xv.  247-  Becquerel  and  Biot,  Comptes 
Re?iduSy  viii.) 


2.  Phosphori  from  Heat.  There  are  many  substances  which  become 
luminous  when  moderately  heated ; that  is,  at  a temperature  below  a red 
heat.  These  differ  from  the  preceding  in  the  circumstance,  that,  after 
having  been  kept  at  any  particular  temperature  till  their  luminousness  is 
exhausted,  they  are  incapable  of  shining  again,  except  at  a temperature 
greater  than  that  to  which  they  were  first  subjected.  The  substances 
belonging  to  this  class  are  extremely  numerous,  and  an  extended  series  of 
experiments  upon  them,  by  Sir  D.  Brewster,  will  be  found  in  the  Edin- 
burgh Philosophical  Journal.,  I.;  but  there  are  only  a few  which  are 
eminently  luminous;  of  these  the  compact  phosphate  of  lime,  iovcadi  native 
near  Estramadura,  in  Spain ; and  certain  kinds  of  fluor,  or  Derbyshire 
spar,  especially  the  dark  blue  and  slightly  fetid  variety,  are  the  most 
remarkable : the  former  exhibits  a beautiful  pale-green  light,  intense 
enough  to  be  seen  in  the  daytime;  and  the  latter  shines  with  a purple 
tint;  a variety  termed,  from  its  shining  with  a green  light,  Chlorophane, 
is  particularly  brilliant  and  beautiful.  The  best  way  of  exhibiting  them 
is  to  heat  them  in  a dark  room,  in  a spoon  of  platinum,  over  a spirit-lamp, 
the  light  of  which  is  not  sufficient  materially  to  interfere  with  the  observ- 
ance of  their  phosphorescence.  They  should  be  in  small  fragments,  but 
not  too  finely  powdered.  The  fetid  carbonate  of  lime,  called  swinestone, 
common  near  Bristol,  several  varieties  of  calcareous  spar,  and  of  heavy 
spar,  and  powdered  quartz,  are  substances  which  are  also  luminous  when 
heated;  they  may  be  strewed  for  this  purpose  upon  a piece  of  iron  which 
has  been  heated  red-hot,  and  just  ceased  to  glow.  Pearsall  has  shown 
that  after  the  luminosity  of  many  of  these  substances  has  been  destroyed 
by  heat,  it  may  be  restored  to  a certain  extent  by  electrical  discharges ; 
and  that  electricity  generally  exalts  the  power,  and  in  some  cases  confers 
it  where  it  did  not  previously  exist.  Several  other  curious  facts,  in 
reference  to  this  subject,  will  be  found  in  his  papers.  {Ron.  Inst.  Jour., 

i.  77  and  267.)  ^ 


Ihe  substances  which  are  phosphorescent  by  heat  are  also  generally 
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so  hy  frictioji^  which  is  another  productive  source  of  luminosity.  There 
are  also  several  bodies  which  are  rendered  luminous  by  passing  an  electric 
shock  through  or  over  them;  such,  for  instance,  as  a lump  of  loaf-sugar, 
which  shines  for  several  seconds  afterwards  with  a beautiful  blue  light. 
(Skrimshire  in  Nicholson  s Jour.^  xv.,  xvi.,  and  xix.)  Water  and  several 
other  liquids  and  saline  solutions  are  said  to  become  luminous  under 
sudden  and  violent  compression  ; and  gaseous  bodies,  under  similar  cir- 
cumstances, are  said  to  exhibit  the  same  phenomenon.  In  the  experi- 
ment of  suddenly  breaking  a layer  of  bladder  by  the  air’s  pressure,  a flash 
of  light  is  sometimes  perceived  at  the  moment  of  the  rupture. 

3.  Spontaneously  Phosphorescent  Substances.  Under  this  head 
we  may  place  a variety  of  animal  substances  which,  under  certain  cir- 
cumstances, emit  light.  The  flesh  of  certain  fresh  and  salt-water  fish 
becomes  luminous  previously  to  its  putrefaction;  of  these  the  tench  and 
carp,  and  the  herring  and  sole,  are  perhaps  the  most  remarkable ; the 
fish  should  he  gutted  and  split,  and  the  scales  scraped  off;  if  placed  in 
the  dark,  they  are  then  often  observed  to  shine  wdthin  twelve  or  twenty- 
four  hours,  the  time  depending  upon  the  temperature  and  state  of  the 
atmosphere,  and  probably  other  causes  which  have  not  been  determined : 
this  appearance  ensues  before  any  had  odor  is  perceptibly  exhaled ; and 
soles  are  sometimes  thus  luminous,  when  perfectly  fit  for  the  table. 
Lobsters  and  erabs,  under  similar  circumstances,  are  often  rich  in  phos- 
phorescent matter.  It  appears,  from  the  experiments  of  Canton  and 
Hulme  {riiil.  Trans,^  vols.  uix.,  xc.,  and  xci.),  that  sea-fish  become 
luminous  in  about  twelve  hours  after  death,  that  it  increases  till  putre- 
faction is  evident,  and  then  decreases.  Immersion  in  sea-w^ater  does  not 
affect  this  luminous  matter,  but  the  brine  is  itself  rendered  luminous  : it 
is  extinguished  by  pure  water,  and  by  a variety  of  substances  which  act 
chemically  upon  the  animal  matter.  The  ligamentous  parts  are  more 
luminous  than  muscular  fibre  ; especially  the  eyes.  Phosphorescence  is 
rarely  observed  in  the  flesh  of  quadrupeds,  and  never  in  that  of  birds, 
under  any  circumstances  of  decomposition. 

There  are  many  living  animals  which  have  various  powers  of  emitting 
light.  One  of  these  is  ihe,  glow-worm  ; and  there  are  others  which,  under 
certain  circumstances,  are  powerfully  phosphorescent.  The  common 
hundred-legged  worm^  found  under  bricks  and  pots  in  the  garden,  exhibits 
brilliant  flashes  of  light  when  irritated.  The  lantern  and  Jire-jlies  of 
warmer  climates  are  also  remarkable  for  their  emission  of  light. 

Dr.  Macculloch,  in  his  work  on  the  Western  Islands  of  Scotland,  and 
in  a paper  published  in  the  Quarterly  Journal  (xi.  249),  has  detailed 
some  valuable  facts  respecting  that  beautiful  appearance  of  light  in  sea- 
water so  well  known  to  those  who  are  conversant  with  the  ocean  during 
the  darkness  of  night ; he  has  showm  that  the  sea  is  often  crowded  with 
worms  and  insects  nearly  invisible,  and  that  its  luminous  property  not 
only  bears  a relation  to  the  existence  and  number  of  these  at  any  time, 
hut  may  generally  he  traced  to  the  individuals  by  which  it  is  caused. 
One  of  these  luminous  animals,  described  by  Captain  Home,  is  figured 
in  the  Quarterly  Journal^  N.  S.,  vol.  iv.,  p.  383.  (See  also  C.  Matteucci, 
sur  la  Phosphorescence  des  Vers  luisants.  Ann.  Ch.  et  Ph..^  Sept.,  1843.) 

In  the  vegetable  world  phosphorescence  is  a less  common  quality. 
Decayed  wood^  and  occasionally  peat.^  have  been  observed  to  emit  a faint 
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light;  and  there  are  a few  flowers,  among  which  may  he  mentioned  the  I 
tuberose^  nasturtium^  and  marigold  {^Tropoeolnm  majus^  and  Calendula  t 
vulgaris)^  which  have  occasionally  been  observed  to  give  out  brilliant  I 
flashes  upon  a warm  summer’s  evening.  The  leaves  of  the  Phytolacca  I 
decandra  have  also  been  seen  to  emit  light,  and  a similar  appearance  I 
is  mentioned  by  Mr.  Mornay,  peculiar  to  the  sap  of  a Brazilian  Euphorbia.  I 
There  are  certain  mosses  too,  which  occasionally  phosphoresce ; and  some  I 
species  of  Rhisomorjyha  have  been  observed  to  be  luminous  in  mines.  I 

Certain  substances  emit  light  during  crystallization : this  has  been  I 
occasionally  observed  with  sulphate  of  potassa,  but  the  phenomenon,  I 
according  to  H.  Rose  (^A?in.  Ch.  et  Ph.,  Ixi.  288),  is  most  distinctly  || 
observed  during  the  crystallization  of  arsenious  acid  from  its  solution  in  || 
hydrochloric  acid.  About  an  ounce  of  the  vitreous  acid  (not  the  opaque  I 
or  pulverulous)  should  be  dissolved  in  three  ounces  of  hydrochloric  acid,  || 
diluted  by  an  ounce  of  water ; it  should  be  boiled  for  about  a quarter  of  ll 
an  hour,  and  then  suffered  to  cool  very  slowly,  which  is  best  effected  by  || 
gradually  diminishing  the  flame  of  the  spirit-lamp  used  for  heating  it ; in  || 
a dark  place  each  crystal  that  is  formed  produces  a spark  of  light,  and  on  I 
shaking  the  flask  many  crystals  are  often  suddenly  deposited,  attended  I 
by  vivid  flashes.  When  the  vapor  of  benzoic  acid  condenses  into  crystals  I 
flashes  of  light  are  also  occasionally  observed.  I 

We  have  now  enumerated  some  of  the  leading  cases  of  what  is  pro-  I 
perly  called  phosphorescence ; it  appears  to  consist  in  an  emission  of  light, 
independent  of  ignition  or  combustion,  and  referable  to  a variety  of 
causes,  none  of  which  have  been  very  satisfactorily  investigated  or  ex- 
plained. There  are  numerous  other  cases  of  luminosity  referable  to 
changes  in  the  electric  states  of  bodies,  and  which  will  afterwards  be 
noticed  in  detail. 

§ 19.  Effects  of  Radiation  in  Nature. 

The  earth,  part  of  the  surface  of  which  is  daily  exposed  to  the  action 
of  the  solar  beams,  will  absorb  the  rays  with  various  degrees  of  facility 
depending  upon  the  nature  of  the  surface ; and  during  the  night  it  will 
again  radiate,  or  throw  off  a portion  of  the  heat  it  has  so  acquired. 

It  has  been  ascertained  that  the  extent  to  which  this  diminution  of  tem- 
perature takes  place,  is  greatly  dependent  upon  the  aspect  of  the  sky; 
when  the  night  is  clear,  and  the  heavens  cloudless,  it  goes  on  more 
rapidly,  and  to  a much  greater  extent,  than  when  the  sky  is  overcast 
and  cloudy;  and  hence  it  is,  that  upon  clear  nights  there  is  a much 
greater  deposition  of  dew  than  in  cloudy  weather.  To  Understand  this, 
it  must  be  recollected,  that  dew  is  not  a kind  of  fine  rain  showering  down 
upon  the  earth  from  above,  but  that  it  depends  upon  the  deposition  of 
moisture  contained  in  the  state  of  vapor  in  the  air,  and  is,  in  its  forma- 
tion, precisely  similar  to  what  happens  when  a glass  of  iced  water  is 
brought  into  a warm  room  in  summer;  the  coldness  of  its  surface 
abstracts  the  heat  from  the  vapor  in  the  air,  and  causes  its  condensation 
in  the  form  of  water,  which  is  deposited  exactly  like  dew  upon  the 
outside  of  the  vessel  So  the  earth,  upon  a fine  cloudless  night,  in 


* This  is  also  the  reason  why  thick  and  | become  damp,  and  often  very  wet,  in  cer- 
substantial  walls  in  the  interior  of  houses  j tain  states  and  changes  of  weather.  They 
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consequence  of  the  accelerated  radiation  of  its  own  heat,  (or  according  to 
some,  in  consequence  of  the  radiation  of  cold  from  above,)  becomes  colder 
considerably  than  the  superincumbent  atmosphere,  and  therefore  the 
aqueous  vapor,  more  or  less  of  which  is  always  contained  in  the  air, 
is  condensed  in  the  liquid  form  upon  the  surface  of  the  ground;  and,  of 
course,  most  abundantly,  upon  those  parts  of  the  surface,  which  being 
the  best  radiators,  have  their  temperatures  most  depressed.  Thus, 
walking  in  the  garden  upon  a bright  autumnal  morning,  after  a clear 
night,  we  observe  the  dew  very  unequally  deposited:  it  is  commonly 
most  abundant  upon  the  grass-plats,  for  mown  grass  is  an  excellent 
radiator;  it  becomes,  therefore,  colder  than  the  adjacent  gravel- walks, 
upon  which  the  dew  is  less  abundant.  If  we  place  a thermometer  upon 
the  grass,  and  another  upon  the  gravel,  we  shall  find  the  former  sink 
several  degrees  below  the  latter ; and  under  circumstances  favorable  to 
the  deposition  of  the  dew,  the  earth’s  surface  will  always  be  found  colder 
than  the  air  above  it.  A thermometer  on  the  grass  has  been  observed, 
under  such  circumstances,  to  fall  as  much  as  from  twenty  to  thirty  degrees 
below  one  suspended  some  feet  above  it.  The  consequence  is,  that  the 
lower  strata  of  the  atmosphere  in  contact  with  the  cold  surface  of  the 
earth,  are  considerably  colder  than  the  higher  parts;  and  if  the  air 
is  tranquil,  will  remain  so  for  some  time,  especially  in  hollows^  and  other 
places  protected  from  currents,  and  where  the  warm  and  the  cold  air  are 
not  therefore  mixed  by  mechanical  agitation.  Hence  it  is  that  delicate 
plants  often  suffer  more  in  situations  apparently  protected,  than  in  those 
which  are  open  and  exposed,  and  where  the  cold  air  has  not  such  a 
chance  of  lying  quiet  upon  the  surface.  (Wells,  07i  Dew.  Daniell’s 
Meteorological  Essays.) 

All  good  radiators^  exposed  upon  the  earth’s  surface,  will  become 
colder  than  bad  ones;  if,  therefore,  we  place  upon  an  exposed  gravel- 
walk  a piece  of  flannel  and  a piece  of  tin-foil,  the  former  will  have 
abundance  of  dew  thrown  down  upon  it,  and  the  latter  none ; and,  in 
reference  to  this  fact,  it  is  curious  to  observe  the  influence  of  the 
natural  textures  and  surfaces  of  foliage.  Smooth,  varnished  leaves 
have  no  dew  deposited  upon  them,  under  circumstances  in  which  there 
is  an  abundant  deposition  upon  rough  and  downy  leaves;  the  former, 
therefore,  seldom  suffer  from  this  cause  of  cold,  but  the  latter  are  often 
frost-nipped. 

The  remarkable  influence  of  clouds  in  preventing  radiation,  seems 
first  to  have  been  noticed  by  Dr.  Wells,  whose  Essay  on  Detv  deserves 
the  attentive  perusal  of  all  who  are  interested  in  this  part  of  meteorology. 
He  found  that,  if  the  night,  at  first  clear,  becomes  cloudy,  the  tempera- 
ture of  the  grass  always  rises,  independent  of  any  changes  of  calmness, 
and  nearly  so  of  change  of  atmospheric  temperature.  Upon  one  such 
night  the  grass,  after  having  been  twelve  degrees  colder  than  the  air, 
became  only  two  degrees  colder,  the  temperature  of  the  atmosphere 
remaining  stationary;  and,  on  another  occasion,  the  temperature  of  the 


are  so  massive  as  to  retain  an  acquired  tem- 
perature for  a long  time,  and  during  a 
winter’s  frost  become  cold  throughout; 
upon  a sudden  thaw  attended  by  a very 
humid  state  of  atmosphere,  the  vapor  or 


moisture  of  the  air  is  condensed  in  the 
liquid  state  upon  these  cold  surfaces,  be- 
cause they  abstract  its  heat,  and  conse- 
quently cause  it  to  run  down  in  the  form 
of  water. 
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grass  rose  Jifteen  degrees,  while  the  air  only  sustained  an  increase  of 
three  and  a half.  Any  protection  interposed  between  the  earth  and  sky, 
prevents  radiation,  in  the  same  way  as  a cloud.  If  we  place  four  poles 
in  the  ground,  and  stretch  a mat  or  canvass  upon  them,  the  plot  under- 
neath will  be  elfectually  preserved  from  those  changes  of  temperature 
referable  to  the  escape  of  radiant  heat  from  the  surface,  (or,  to  the 
reception  of  radiant  cold  from  above.)  In  this  way  gardeners  protect 
young  and  tender  plants;  though  it  is  obvious  that  any  general  changes, 
dependent  merely  upon  atmospheric  temperature,  would  not  be  interfered 
with,  nor  the  cold  kept  off  by  such  a contrivance. 

Radiation,  therefore,  is  constantly  going  on  from  the  earth  towards 
the  regions  above.  If  we  place  the  bulb  of  a delicate  thermometer,  espe- 
cially if  it  be  covered  with  some  good  radiating  substance,  in  the  focus 
of  a concave  metallic  mirror  turned  towards  the  clear  sky,  it  will  indicate 
cold:  this  was  referred  by  Leslie  to  radiation  of  cold  from  the  regions  of 
space;  and  thus  he  employed  a differential  air- thermometer  in  the  con- 
struction of  his  JEthriosco'pe  (see  Encyc.  Art.  Climate,)  to  indicate, 

as  he  terms  it,  “ the  cold  pulses  emanating  from  the  sky”  or,  as  others 
have  expressed  it,  to  give  a comparative  idea  of  radiation  proceeding  from 
the  surface  of  the  earth  towards  the  region  of  perpetual  congelation  in 
the  atmosphere.  “ The  thermometer  is  protected  by  its  position  from 
the  radiation  of  surrounding  objects,  and  its  own  radiant  heat  is  projected 
towards  the  clear  space,  or  falling  upon  the  concave  surface  of  the  mirror, 
is  reflected  in  parallel  lines  in  the  same  direction.  This  effect  is  produced 
even  while  the  sun  is  above  the  horizon,  provided  the  mirror  be  turned 
from  the  direct  rays  of  that  luminary;  and  at  night  a depression  of  17° 
below  the  temperature  of  the  air  and  surrounding  objects  may  commonly 
be  produced.  Perfect  stillness  of  the  atmosphere  is  necessary,  and  per- 
fect transparency  also,  for  otherwise  the  balance  of  temperature  is  soon 
restored  by  convection,  and  the  slightest  mist  destroys  the  effect  by  a 
counter-radiation.”  (Daniell,  Introd.  § 275.) 

In  the  eighty-third  volume  of  the  Philosophical  Transactions^  Mr. 
Williams  has  described  the  mode  of  obtaining  ice  in  Bengal,  where  the 
atmospheric  temperature  never  falls  to  the  freezing-point.  It  is  evidently 
chiefly  effected  by  radiation  from  the  surface  of  shallow  pans  of  w^ater 
(and  water  is  a good  radiator),  which  are  placed  upon  dry  stubble  in 
open  situations;  calm,  serene,  and  cloudless  nights  are  most  favorable  to 
the  purpose;  and  thin  crusts  of  ice  are  thus  frequently  obtained.  In 
such  cases  the  production  of  cold  has  sometimes  been  referred  to  evapora- 
tion, but  that  this  is  not  the  cause  of  the  diminution  of  temperature,  in 
the  present  instance,  is  proved  by  the  peculiar  circumstances  requisite  for 
the  success  of  the  operation  being  entirely  independent  of  it. 

“ Land  and  sea  breezes  are  certain  periodical  winds  common  to  most 
sea-coasts  within  the  tropics,  but  by  no  means  confined  to  those  regions. 
It  is  observed  that  a few  hours  after  sunrise  a breeze  springs  up  at  sea, 
and  blows  directly  on  shore,  and  that  its  intensity  increases  as  the  day 
advances,  and  declines,  and  gradually  expires,  near  sunset.  Shortly 
afterwards  a wind  arises  in  exactly  the  opposite  direction,  namely,  from 
the  land  towards  the  sea,  lasts  the  whole  of  the  night,  and  only  ceases 
with  the  re-appearance  of  the  sun.  It  is  easy  to  give  an  explanation 
of  these  effects.  When  the  sun  shines  at  once  upon  the  surface  of  the 
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eartli  and  that  of  the  sea,  the  two  become  unequally  heated  from  their 
different  absorbing  poAver;  the  land  becomes  much  the  warmest.  The  air 
over  the  heated  surface  of  the  ground  being  expanded  by  heat,  rises,  and 
has  its  place  supplied  by  the  colder  air  flowing  from  the  sea,  producing 
the  sea-breeze.  When  the  sun  sets  both  sea  and  land  begin  to  cool  by 
radiation : the  rate  of  cooling  of  the  latter  will,  hoAvever,  far  exceed  that 
of  the  former,  and  its  temperature  will  rapidly  fall.  The  air  above 
becoming  cool  and  condensed,  flows  outwards,  in  obedience  to  the  laws 
of  fluid  pressure,  and  displaces  the  warmer  air  of  the  ocean.  In  this 
manner,  by  an  interchange  of  air  between  sea  and  land,  the  otherwise 
oppressive  heat  is  moderated,  to  the  great  advantage  of  those  who  inhabit 
such  localities.  The  land  and  sea  breezes  extend  to  a small  distance  only 
from  shore,  but  afford,  notwithstanding,  essential  aid  to  coasting  naviga- 
tion, since  vessels  on  either  tack  enjoy  a fair  wind  during  the  greater  part 
both  of  day  and  night.”  (Fownes,  Manual^  65.) 

§ 20.  Of  Ignition  and  Combustion. 

It  Avill  be  evident,  from  the  contents  of  the  few  preceding  pages, that 
there  is  a connection  betw^een  light  and  heat,  and  that  they  are  mutually 
disposed  to  produce  each  other;  indeed,  they  are  probably  convertible  into 
each  other;  but  these,  and  other  mysterious  relations  between  them,  are 
as  yet  very  imperfectly  understood"^. 

By  the  terms  ignition.,  and  incandescence,  we  express  a property 
Avhich  bodies  possess  of  giving  out  light,  whenever  their  temperatures 
are  raised  up  to  a certain  high  point.  The  quantity  of  light  thus  emitted 
increases  w'ith  their  temperature:  at  first  it  is  dim  and  feeble;  then  it 
becomes  dingy  red,  and  the  bodies  are  said  to  be  red-hot;  then  bright 
red,  commonly  called  a cherry-red  heat;  then,  as  the  temperature  in- 
creases, the  body  becomes  of  an  orange  or  yellow  tint,  and  at  length 
acquires  such  brilliancy  as  to  be  painful  to  the  eye ; the  latter  is  usually 
termed  white  heat. 

Various  experiments  have  been  instituted  to  determine  the  tempera- 
ture at  which  bodies  become  visibly  red-hot;  this,  in  a dark  place, 
certainly  exceeds  six  hundred  and  sixty  degrees  of  Fahrenheit’s  scale, 
for  at  that  temperature  mercury  boils,  and  it  is  not,  in  the  least  degree, 
luminous.  Sir  II.  Davy’s  experiments  place  the  degree  of  incipient 
luminosity  in  a dark  place  at  about  810°,  A dull  red,  visible  in  daylight. 


* A supposed  exception  to  the  relation- 
ship between  heat  and  light,  is  furnished  by 
an  examination  of  the  lunar  rays,  which, 
though  concentrated  by  the  most  powerful 
lenses,  are  incapable  of  affecting  very  deli- 
cate thermometers.  De  la  Hire  collected 
tlie  rays  of  the  full  moon  when  in  the  me- 
ridian, by  a lens  thirty-five  inches  in  dia- 
meter, and  threw  them  upon  the  bulb  of  a 
very  sensible  air-thermometer,  but  they 
produced  no  effect,  though  they  were  thus 
concentrated  306  times.  It  is  not,  how- 
ever, surprising  that  the  moon-beam  should 
be  thus  inefficient,  when  we  consider  the 


extreme  feebleness  of  its  illuminating  power, 
as  compared  with  a solar  ray  of  the  same 
size ; the  light  of  the  latter  being  at  least 
300,000  times  greater  than  that  of  the 
former.  It  appears  probable,  therefore, 
that  the  properties  of  the  moonbeam  are 
to  be  referred  to  its  feebleness,  as  compared 
with  that  of  the  sun,  though  there  may  be 
some  peculiarity  in  its  nature,  or  some 
power  in  the  surface  of  the  moon  of  retain- 
ing the  heat,  whilst  it  emits  the  light  re- 
ceived from  the  sun.  It  has  even  been 
supjmsed  that  the  moon  may  radiate  cold. 
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is  probably  equal  to  about  1000°,  a full  red  heat  to  1200°,  an  orange  heat 
to  1700°,  and  a white  heat  to  3000°.  According  to  Daniell,  the  highest 
temperature  of  a good  wind  furnace  (a  high  white  heat)  is  about  equal  to 
3300°  Fahrenheit. 

These  observations  of  course  only  apply  to  bodies  capable  of  sustaining 
high  temperatures  without  changing  their  state,  or  undergoing  decompo- 
sition, most  substances  being  either  dissipated  or  destroyed  before  they 
attain  the  requisite  temperature  for  ignition;  or,  if  heated  in  the  air, 
injlaming  and  undergoing  combustion. 

In  all  the  ordinary  cases  of  combustion  air  is  present,  and  the  phe- 
nomena presented  by  the  burning  body  are  referable  to  the  chemical 
action  which  ensues,  at  high  temperatures,  between  it  and  one  of  the 
component  parts  of  the  air,  called  oxygen^  which,  being  invisible,  long 
escaped  observation  as  an  important  agent  in  the  process,  and  of  which 
we  shall  have  to  speak  at  length  hereafter. 

The  temperatures  at  which  bodies  burn  or  inflame  in  the  air  are 
extremely  various;  some  take  fire  under  all  circumstances  the  moment 
they  are  exposed  to  it:  others  require  their  temperatures  to  be  more  or 
less  elevated;  and  some  refuse  to  burn  under  any  circumstances.  Thus 
we  speak  of  combustible  and  hicombustible^  or  injiammable  and  2minjlam- 
mable  bodies;  and  we  call  the  oxygen  of  the  atmosphere,  and  such  other 
bodies  as  are  possessed  of  similar  powers,  supporters  of  combustion.  All 
common  cases  of  combustion,  then,  taking  place  in  the  atmosphere,  depend 
upon  the  union  of  the  combustible  with  oxygen;  between  these  bodies 
there  necessarily  exists  a strong  chemical  attraction,  and  of  this,  one 
of  the  results  is  the  evolution  of  heat  and  light. 

The  result  of  the  union  of  the  combustible  with  the  supporter,  is 
called  the  product  of  combustion ; it  is  very  commonly  gas  or  vapor,  and 
eludes  ordinary  observation : thus,  the  enormous  quantity  of  coal  daily 
consumed  as  common  fuel,  combines  with  the  oxygen  of  the  air,  and  forms 
several  products,  of  which  the  principal  are  carbonic  acid  gas  and  steam; 
and  these  pass  off  by  the  chimney,  and  are  dissipated  in  an  invisible  state 
through  the  immense  mass  of  the  atmosphere.  The  incombustible  matter 
contained  in  the  coal  forms  ashes;  or,  mixing  with  a part  of  the  coal, 
renders  it  difficult  of  combustion,  as  we  see  in  cinders^  which,  when  more 
or  less  fused,  are  called  clinkers. 

But  the  product  of  combustion  is  often  a solid  body;  thus,  if  we 
throw  a piece  of  the  metal  zinc  into  the  fire,  or  heat  it  red-hot  in  a cru- 
cible, it  burns  with  a very  vivid  flame,  and  a quantity  of  a solid  white 
substance  is  produced,  which  is  a compound  of  the  metal  and  the  oxygen 
of  the  air,  and  is,  therefore,  called  oxide  of  zinc. 

Nothing  is  more  common  than  to  speak  of  the  destruction  of  bodies 
by  combustion ; but  the  term  is  in  so  far  improper,  inasmuch  as  matter 
is  indestructible;  and  when  we  seem  to  destroy  a coal  by  burning 
it,  we,  in  fact,  only  cause  it  to  enter  into  new  combinations;  and  the 
carbon  which  it  chiefly  consists  of,  although  it  apparently  disappears, 
has  only  entered  into  a new  combination,  which  may  be  found 
escaping  from  the  chimney  in  the  invisible  state  of  air  or  gas,  but 
from  which  the  solid  carbon  may  again  be  obtained  by  certain  chemical 
operations. 

Such  are  the  general  results  of  combustion : they  have  here  been 
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adverted  to  in  order  to  explain  the  nature  of  Jiame^  a subject  which  has 
been  studied  with  much  attention  and  curious  results  by  several  eminent 
chemists. 

It  has  often  been  doubted  whether  pure  gaseous  matter  is,  under  any 
circumstances,  susceptible  of  becoming  luminous;  certain  it  is,  that  its 
temperature  may  be  elevated  far  beyond  that  which  is  required  to  ignite 
solid  bodies,  and  it  yet  remains  invisible.  By  passing  air  over  heated 
surfaces,  its  temperature  has  been  so  far  elevated  as  to  render  metallic 
wires  red-hot,  yet  was  the  air  itself  not  at  all  luminous.  Of  this  a good 
instance  is  afforded  by  the  air  that  issues  from  the  lamp-glass  of  an 
Argand  gas-burner,  which,  though  not  luminous,  will  heat  a fine  wire 
red,  or  even  white  hot,  held  some  inches  above  it.  Flame^  however,  may, 
in  general,  be  regarded  as  luminous  gaseous  mailer^  and  its  iemperature 
is  under  certain  circumstances  very  intense,  even  where  the  light  which 
it  emits  is  excessively  feeble.  Perhaps  the  purest  form  of  flame  which 
we  can  exhibit  is  that  of  hydrogen  gas;  its  light  is  so  feeble  as  scarcely 
to  be  visible  in  broad  daylight ; yet  its  teynperature  is  very  high,  as  may 
be  shown  by  holding  a fine  platinum  wire  in  it,  which  immediately  be- 
comes 7vhite-hot : the  other  metals,  under  similar  circumstances,  are 
generally  melted  or  burned. 

Upon  what,  then,  does  the  luminosity  of  a flame,  which  renders  it 
valuable  as  a source  of  artificial  light,  depend?  Principally  upon  solid 
ynatter  diffused  through  it,  and  ignited  hy  it.  In  the  experiment  just 
cited,  the  flame  of  the  hydrogen  is  rendered  luminous  by  the  wire;  and 
if  we  blow  any  substance  through  it  in  fine  dust,  its  brightness  will  be 
proportionately  increased,  though  the  solid  matter  be  not  itself  inflam- 
mable ; as,  for  instance,  if  we  sift  a little  lime  or  magnesia  into  or 
through  it. 

The  extent  to  which  the  light  may  be  increased  is  also  well  illustrated 
by  the  ignition  of  lime  in  the  oxyhydrogen  blowpipe,  as  suggested  by 
Drummond  Trans.,  1826,  p.  324),  and  as  since  used  for  the  illumi- 
nation of  the  solar  microscope:  and  that  particles  of  lime,  raised  to 
this  high  temperature,  occasion  the  intensity  of  the  light,  is  shown 
by  the  roof  of  the  lantern  being  covered  by  a sublimate  of  lime.  There 
can  be  little  doubt  that  the  brilliancy  of  the  voltaic  discharge  between 
points  of  charcoal  is  partly  referable  also  to  the  formation  and  ignition  of 
volatilized  carbon.  There  are  few  instances  of  a more  luminous  flame 
than  that  of  phosphorus,  in  which  the  great  evolution  of  light  depends 
upon  the  ignition  of  the  produced  phosphoric  acid,  and  if  this  acid  (forming 
the  smoke  of  phosphorus)  be  led  by  a tube  into  the  flames  of  alcohol  or  of 
hydrogen,  it  greatly  increases  their  luminosity. 

In  the  flame  of  tallow,  wax,  oil,  and  coal-gas,  the  brilliancy  of  the  light 
is  chiefly  owing  to  very  finely-divided  charcoal,  which  is  blended  with 
and  burned  in  the  flame,  and  which,  if  in  too  large  quantity,  causes  the 
flame  to  smoke,  as  we  see  especially  in  ill-made  tallow-candles,  which, 
notwithstanding  frequent  snuffing,  throw  off  a quantity  of  soot  into  the 
surrounding  atmosphere,  creating  a disagreeable  suffocating  smell,  and 
blackening  the  walls  and  ceilings  of  our  apartments.  When  coal-gas  is 
deficient  in  carbon  and  consequently  in  luminosity,  giving  what  is  called 
a thin  and  poor  flame,  it  may  be  improved  by  passing  it  over  a surface 
of  naphtha,  the  vapor  of  which  being  taken  up,  and  very  rich  in  carbon. 
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greatly  increases  the  illuminating  power.  Lowe's  patent  naphlhalizer 
upon  this  principle. 

Such,  then,  appears  to  he  the  source  of  the  light  of  flames*;  but  there 
are  some  other  curious  particulars  respecting  their  construction,  which 
require  more  full  explanation.  In  a common  candle,  the  wax  or  tallow 
is  drawn  into  the  burning  wick  by  capillary  attraction,  and  is  there 
converted  into  vapor,  which  ascends  in  the  form  of  a conical  column,  and 
has  its  temperature  sufficiently  elevated  to  cause  it  to  combine  with  the 
oxygen  of  the  surrounding  atmosphere  with  a temperature  equivalent  to 
a white  heat.  But  this  combustion  is  superjicial  only,  the  flame  being 
a thin  film  of  white-hot  vapor,  enclosing  an  interior  portion,  which 
cannot  burn  for  want  of  oxygen.  That  this  is  the  case,  is  easily  shown, 
by  bringing  down  a piece  of  thin  glass  upon  the  flame  of  a candle  so  as 
to  cause  a transverse  section  of  the  flame.  We  shall  then  observe  a ring 
of  light  surrounding  the  interior  dark  part  of  the  cone  (fig. 
112,)  and  the  vertical  section  of  the  flame  will  put  on  an 
appearance  resembling  fig.  113.  To  prove  that  the  interior 
dark  part  consists  of  infamniable  gaseous  matter^  we  may 
insert  one  end  of  a small  glass  tube  into  the  dark  centrical 
portion  of  the  flame  of  a large  candle,  and  the  interior  gas 
will  then  make  its  escape  through  it,  and  may  be  lighted  at 
the  other  end  of  the  tube,  so  as  to  form  a second  flame.  Fig. 
114,  «,  shows  a section  of  the  flame ; b the  glass  tube  held 
in  an  inclined  position  in  the  central  part  of  the  flame ; c the 
inflammable  gas  kindled  at  its  extremity. 

It  is  in  consequence  of  this  stmcture  of  flame 
that  we  so  materially  increase  its  heat,  by  propel- 
ling a current  of  air  through  it  by  the  blowpipe^  or 
by  supplying  its  interior  with  oxygen,  as  in  the  gas 
jet  suggested  by  Daniell.  (Phil.  Mag..,  3rd  Ser.,  II., 
57-)  The  perfection  of  the  Argand  burner  is  also 
referable  to  a similar  cause. 

These  peculiarities  become  more  evident  in 
larger  flames : so  if  in  a steady  atmosphere  we 
inflame  some  ether  or  alcohol  in  a small  capsule, 
we  may  introduce  phosphorus  or  gunpowder  into 
the  centre  of  it,  and  they  will  not  be  inflamed. 
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* For  all  common  purposes  of  illumi- 
nation it  is  essential  that  the  constitution 
of  the  light  of  flames  should  resemble  that 
of  the  sun,  and,  hke  it,  consist  of  a due 
admixture  of  the  primary  colors;  it  is 
seldom,  however,  that  artificial  light  is 
perfect  in  this  respect,  and  accordingly 
it  is  not  suited  to  the  correct  and  perfect 
display  of  colors,  and  when  viewed 
through  a prism  generally  shows  a predo- 
minance of  some  one  tint.  The  influence 
of  light  of  one  color  upon  external  ob- 
jects is  seen  by  viewing  them  through 
colored  glasses,  or  more  perfectly  by  illu- 
minating them  by  a monochromatic  flame. 
We  obtain  an  effect  of  this  kind  by  a lamp 


fed  with  spirit  of  wine  burning  in  a wick 
impregnated  with  common  salt,  and  which, 
as  it  produces  little  else  than  yellow  light, 
has  been  called  a monochromatic  lam}} : 
it  shows  no  perfect  color  except  yellow, 
and  furnishes  a curious  analysis  of  such 
compound  colors  as  contain  yellow  by 
converting  them  to  that  tint;  all  other 
colors  appear  very  dingy,  and  nearly 
black.  The  brilliant  red  of  cinnabar,  as 
in  sealing-wax,  and  of  iodide  of  mercury, 
appear  pale  yellow;  that  of  cochineal,  as 
in  lake  and  red  morocco,  looks  black;  so 
also  do  the  brilliant  blues  of  smalt  and 
ultramarine.  See  Sir  D.  Brewster’s 
Letters  on  Natural  Magic,  p.  107. 


TExAIPERATURE  OF  FLAME. 


129 


A large  jet  of  gas  issuing  from  the  top  of  a lamp 
glass,  may,  with  a little  management,  be  so  inflamed 
as  not  to  pass  down  to  the  orifice  of  the  burner,  and 
it  then  forms  a hollow  cone  of  flame  ; a small  rod  of 
wood,  such  as  a pencil,  or  a piece  of  twisted  paper, 
may  then  be  placed  across  the  flame,  and  it  will 
only  be  charred  or  burned  at  the  luminous  surface, 
and  not  at  all  affected  in  the  centre,  a represents 
the  lamp-glass,  through  which  the  current  of  gas  is 
passing ; />  the  cone  of  flame  at  its  mouth  : a piece 
of  wood  laid  across  it  is  singed  at  c ; and  by  the  tube, 
d,  gas  may  be  drawn  out  of  the  interior,  and  inflamed 
at  its  other  extremity. 

There  are  several  substances  which  burn  at  lower 
temperatures  than  required  for  the  production  of 
flame.  We  often  see  the  coals  in  a common  fire 
glowing  at  a dull  red  heat,  but  not  hot  enough  to 
inflame  the  smoke,  or  inflammable  gas  and  vapor 
that  passes  over  them,  which,  however,  may  be  im- 
mediately effected  by  a piece  of  flaming  paper,  or  by  stirring  the  fire» 
which  not  only  accelerates  the  combustion,  but  mixes  air  with  the  vapor> 
so  as  to  render  it  more  easily  inflamed.  The  long-continued  glowing  of 
the  wick  of  a green  wax  taper  (colored  by  verdigris)  is  another  case  of 
combustion  going  on  at  a temperature  below  that  of  flame ; so  is  the 
luminosity  of  a stick  of  phosphorus  exposed  to  the  air.  The  phenomena 
attendant  upon  such  states  of  combustion  are  highly  curious : when,  for 
instance,  spirit  of  wine  is  burned  with  Jiame  in  the  usual  way,  carbonic 
acid  and  water  are  the  products  of  its  combustion;  but  when  burned 
without  jiame^  it  produces  aldehydic  and  acetic  acid.  The  mode  of  effect- 
ing this  slow  combustion  is  sufficiently  simple.  A small  spiral  coil  of  fine 
platinum  wire  is  placed  upon  the  wick  of  a spirit- 
lamp,  and  allowed  to  project  about  a fourth  of  an 
inch  above  it,  as  represented  in  fig.  116.  The  lamp 
is  then  lighted,  and  suffered  to  burn  for  a few  se- 
conds, when  the  flame  is  put  out  by  an  extinguisher, 
which,  however,  must  be  instantaneously  removed. 

In  this  way  the  coil  of  wire  retains  heat  enough  to 
carry  on  the  slow  combustion  of  the  alcoholic  vapor,  and 
it  continues  to  glow  with  a red  heat  as  long  as  spirit 
remains  in  the  lamp,  and  to  produce  the  peculiar 
products  just  mentioned  : in  this  way  of  proceeding, 
the  heat  never  becomes  intense  enough  to  cause  the 
inflammable  vapor  to  burn  with  flame. 

There  is  another,  and  a very  instructive  way  of 
making  a similar  experiment,  which  consists  in  pour- 
ing a teaspoonful  of  ether  into  a tall  ale-glass,  or 
small  jar  of  the  form  represented  in  fig.  117^  and 
then  suspending  in  it  a coil  of  fine  platinum  wire, 
previously  heated  by  holding  it  for  a minute  in  the 
flame  of  a spirit-lamp.  The  wire  being  now  immersed 
nearly  red-hot  into  the  mixture  of  atmospheric  air  and 
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ethereal  vapor,  glows  with  a red  heat^  causing  the  slow  comhustion  of  the 
vapor.  It  often  happens  that  a part  of  the  wire  becomes  white-hot^  and  in 
that  case  flame  is  produced,  and  the  ether  burns  with  its  usual  products; 
but  so  long  as  the  wire  continues  only  red-hot,  no  inflammation  ensues^. 

It  follows  then,  that  flame  requires  a very  high  temperature  for  its 
existence;  and  consequently,  that  if  we  can  devise  any  mode  of  cooling 
it,  it  will  be  extinguished.  A very  small  flame,  for  instance,  is  extin- 
guished by  bringing  a large  mass  of  metal  near  it,  or  by  carefully  sur- 
rounding it  by  a coil  of  wire ; the  metal  abstracts  its  heat  {Phil.  Trans.., 
1817,  p-  7O).  But  by  far  the  most  interesting  experiments  upon  this 
subject  are  made  by  help  of  copper,  brass,  or  iron  wire-gauze,  which  may 
be  obtained  of  different  degrees  of  fineness,  and  with  which  the  following 
illustrative  experiments  are  easily  shown. 

Procure  a piece  of  this  gauze  about  nine  inches 
square,  and  of  such  fineness  as  to  have  about  thirty 
meshes  in  the  square  inch:  bring  it  gradually  doAvn 
upon  the  flame  of  a large  and  steadily  burning  Avax- 
candle,  and  the  appearances  represented  in  fig.  1 18 
will  be  produced.  The  flame  will  be  cut  off  where  it 
touches  the  gauze,  and  we  have  a good  opportunity 
of  observing  the  exterior  luminous  circle  described 
above  (fig.  112).  In  this  case  the  inflammable  matter 
of  the  flame  (in  the  form  of  smoke)  passes  through 
the  Avire-gauze;  but,  in  its  passage,  it  is  so  far  cooled 
as  to  be  extinguished.,  and  i}iefla7ne  is  thus  prevented 
from  traversing  the  Avire- gauze.  If  Ave  now  bring 
a lighted  taper  to  the  upper  side  of  the  Avire-gauze, 
the  gas  or  smoke  Avill  be  kindled,  and  the  flame  con- 
tinue to  burn  uninterruptedly,  as  in  fig.  119.  These 
phenomena  are  more  conveniently  and  strikingly 
exhibited  by  means  of  a gas-flame,  issuing  under  Ioav 
pressure  from  a single  jet;  if  the  AAure-gauze  be  placed 
across  the  jet  of  uninflamed  gas,  the  upper  portion 
may  be  kindled  and  Avill  continue  to  burn  upon  the 
gauze,  which  prevents  the  descent  of  the  flame  so  as 
to  kindle  its  loAver  half,  as  represented  in  fig.  120. 
The  result  of  this  experiment  may,  as  it  Avere,  be 
inverted  by  placing  a small  piece  of  camphor  in  the 
centre  of  a piece  of  wire-gauze,  as  in  fig.  121,  and 
applying  a flame  to  its  lo7ver  surface.  The  vapor  of 
the  camphor,  which  is  very  inflammable,  then  burns 
with  a bright  flame  upon  the  loAver  surface  only  of 
the  gauze,  and  cannot  pass  upAvards  through  it,  in 
consequence  of  its  cooling  power;  so  that  the  cam- 
phor itself  lies  upon  the  surface  of  the  gauze,  in  an  uninflamed  state. 


* These  curious  phenomena,  discovered 
by  Sir  H.  Davy  in  his  researches  on  flame, 
have  led  to  more  extended  inquiries  respect- 
ing the  influence  of  contact,  or  catalytic 
action  upon  chemical  combination  and  de- 
composition, by  Dobereiner,  Dulong  and 


Thenard,  Mitscherlich,  Kiihlman,  T.  de 
Saussure,  Faraday  and  others,  which  will 
afterwards  be  noticed  more  in  detail.  (See 
also  Reiset  and  Mileon,  Ann.  Ch.  et 
Ph.,  July,  1843.) 
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though  sufficiently  heated  to  furnish  inflammable  vapor  for  the  sustenance 
of  the  flame  beneath.  If  the  meshes  of  the  wire-gauze  used  in  these 
experiments  be  not  sufficiently  small,  or  if  the  ware  becomes  intensely 
heated,  the  flame  will  pass  in  either  instance;  because  the  cooling  power 
is  in  the  one  case  prevented  by  the  largeness  of  the  apertures,  and  in 
the  other,  by  the  high  temperature  of  the  wire. 

The  power,  therefore,  of  the  metallic  tissue  thus  to  intercept  or  extin- 
guish flame  will  depend  upon  the  heat  required  to  produce  the  combustion, 
as  compared  with  that  acquired  by  the  tissue;  and  the  flame  of  the  most 
inflammable  substances,  and  of  those  that  produce  most  heat  in  combus- 
tion, 'will  pass  through  a metallic  tissue  that  wall  intercept  the  flame  of 
less  inflammable  substances,  or  those  that  produce  little  heat  in  com- 
bustion; so  that  different  flames  will  pass  through  at  different  degrees 
of  temperature.  The  cooling  power  of  the  wire-gauze  is  referable  to  its 
excellent  conducting  power  for  heat;  it  also,  by  use,  becomes  a powerful 
radiator  of  heat. 

These,  and  many  other  interesting  investigations  connected  'with  the 
subject  of  flame,  w’e  owe  to  Sir  H.  Davy,  'who  most  ingeniously  applied 
them  in  the  construction  of  his  miner  s safety-lamp. 

Coal-mines  are  often  infested  by  a species  of  inflammable  gas  (car- 
buretted  hydrogen),  known  under  the  name  f re-damp.^  which,  when 
mingled  in  certain  proportions  with  atmospheric  air,  forms  a mixture 
which  explodes  upon  the  contact  of  flame.  Attempts  had  been  made 
to  light  such  mines  so  as  to  avoid  explosion,  but  none  were  effectual;  at 
length  Davy  constructed  a lamp  upon  the  principles  explained,  which 
has  been  used  with  safety  and  success. 

It  is  obvious,  that  if  we  place  a lighted  lamp  or  candle  within  a 
perfect  cage  of  wure-gauze,  no  flame  will  be  able  to  penetrate  from 
within  to  the  surrounding  medium,  in  consequence  of  the  cooling  power 
of  the  metallic  tissue.  The  annexed  figure  (122)  repre- 
sents a lamp  constructed  upon  such  principles,  a is  a 
cylinder  of  wire -gauze,  with  a double  top,  carefully 
fastened,  by  doubling  over,  to  the  brass  rim  b,  Avhich 
screws  on  to  the  lamp  c.  The  whole  is  protected  and 
rendered  convenient  for  carrying,  by  the  frame  and  ring  d. 

If  the  cylinder  be  of  twulled  wure-gauze,  the  wire  should 
be  at  least  of  the'  thickness  of  one-fortieth  of  an  inch, 
and  of  iron  or  copper,  and  30  in  the  warp,  and  16  or  18 
in  the  w^eft,  to  the  square  inch.  If  of  plain  wire-gauze, 
the  wire  should  not  be  less  than  one -sixtieth  of  an  inch 
in  thickness,  and  from  28  to  30  both  warp  and  woof. 

(Davy  on  the  Safety -lamp.') 

The  operation  of  this  lamp  may  be  shown  by  suspend- 
ing it  in  a glass  jar,  and  then  admitting  a sufficient  stream 
of  coal-gas  to  render  the  inclosed  atmosphere  explosive: 
or,  what  answers  nearly  as  W’ell,  by  immersing  it  into  a 
jar  at  the  bottom  of  which  is  a little  ether,  and  which 
supplies,  by  its  vapor,  an  inflammable  atmosphere.  The 
flame  of  the  lamp  first  enlarges,  and  is  then  extinguished, 
the  whole  of  the  cage  being  filled  with  a lambent  blue  light-  on  turning 
off  the  supply  of  gas,  or  gently  blowing  the  ethereal  vapor  out  of  the 
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vessel,  this  appearance  gradually  ceases,  and  the  wick  becomes  rekindled 
when  the  atmosphere  returns  to  its  natural  state*. 

As  the  safety  of  these  lamps  entirely  depends  upon  the  perfect  state 
of  the  wire- gauze,  and  upon  the  non-existence  of  any  aperture  or  channel 
sufficiently  large  to  admit  the  passage  of  flame,  they  should,  when  in  use 
in  a coal-mine,  he  inspected  daily.  In  gas-manufactories,  spirit-ware- 
houses,  and  in  all  cases  where  inflammable  vapors  or  gases  are  likely  to  be 
generated,  as  in  the  examination  of  foul  sewers  and  drains,  it  is  obvious 
that  these  lamps  are  importantly  applicable  t. 


* In  a subsequent  communication  to  the 
Royal  Society,  Sir  H.  Davy  suggested,  as 
improving  the  safety  lamp,  the  introduction 
of  a coil  of  platinum  wire  into  the  cage: 

“ By  hanging  some  coils  of  line  wire  of 
platinum,  or  a fine  sheet  of  platinum  or 
palladium,  above  the  wick  of  his  lamp  in  the 
wire  -gauze  cylinder,  the  coal  miner,  there 
is  every  reason  to  believe,  will  be  supplied 
with  light  in  mixtures  of  fire-damp,  no 
longer  explosive ; and  should  his  flame  be 
extinguished  by  the  quantity  of  fire  damp, 
the  glow  of  the  metal  will  continue  to  guide 
him,  and  by  placing  the  lamp  in  different 
parts  of  the  gallery,  the  relative  brightness 
of  the  wire  will  show  the  state  of  the  atmo- 
sphere in  these  parts.  Nor  can  there  be 
any  danger  with  respect  to  respiration 
whenever  the  wire  continues  ignited,  for 
even  this  phenomenon  ceases  when  the  foul 
air  forms  about  two-fifths  of  the  volume  of 
the  atmosphere,” 

“ I introduced  into  a wire-gauze  safety- 
lamp,  a small  cage  made  of  fine  wire  of 
platinum  one-seventieth  of  an  inch  in  thick- 
ness, and  fixed  it  by  means  of  a thick  wire 
of  platinum  about  two  inches  above  the 
wick,  which  was  lighted.  I placed  the 
whole  apparatus  in  a large  receiver,  in 
which,  by  means  of  a gas-holder,  the  air 
could  be  contaminated  to  any  extent  with 
coal-gas.  As  soon  as  there  was  a slight 
admixture  of  coal-gas  the  platinum  became 
ignited  ; the  ignition  continued  to  increase 
till  the  flame  of  the  wick  was  extinguished, 
and  till  the  whole  cylinder  became  filled 
with  flame ; it  then  diminished.  When 
the  quantity  of  coal-gas  was  increased  so  as 
to  extinguish  the  flame,  at  the  moment  of 
the  extinction  the  cage  of  platinum  became 
white  hot,  and  presented  a most  brilliant 
light.  By  increasing  the  quantity  of  the 
coal-gas  still  further,  the  ignition  of  the 
platinum  became  less  vivid.  When  its 
light  was  barely  sensible,  small  quantities  of 


air  were  admitted,  and  its  heat  speedily  in- 
creased ; and  by  regulating  the  admission 
of  coal-gas  and  air,  it  again  became  white- 
hot,  and  soon  after  lighted  the  flame  in  the 
cylinder,  which,  as  usual,  by  the  addition 
of  more  atmospheric  air,  rekindled  the  flame 
of  the  wick.”  {Phil.  Trans.,  1817,  p.  81.) 

f It  has  been  shown,  that  by  throwing 
a strong  jet  of  coal-gas  and  air,  in  explo- 
sive proportions,  upon  the  wire-gauze- 
of  these  lamps,  the  flame  occasionally 
passes,  and  this  circumstance  has  been 
urged  as  a new  experiment,  proving  the 
inefficiency  of  Sir  Humphry’s  safety-lamp ; 
but  all  practical  and  unprejudiced  experi- 
ence shows,  that  when  earefully  attended 
to,  and  used  with  common  caution  (which 
unfortunately  is  not  always  the  case),  they 
are  perfect  and  efficient  safeguards.  That 
Sir  Humphrey  was  aware  of  the  possibility 
of  eausing  the  flame  to  pass  is  obvious  from 
the  following  passages  of  his  essay  : — 

“ Single  iron  wire-gauze  of  the  kind 
used  in  the  common  miner’s  lamp,  is  im- 
permeable to  the  flame  of  all  currents  of 
fire-damp,  as  long  as  it  is  not  heated  above 
redness:  but  if  the  iron  wire  be  made  to 
burn,  of  course  it  can  be  no  longer  safe  ; 
and  though  sueh  a circumstance  can  per- 
haps never  happen  in  a colliery,  yet  it 
ought  to  be  known  and  guarded  against.” 

“ If  a workman,  having  only  a common 
single  lamp,  finds  the  temperature  of  the 
wire  increasing  rapidly  in  an  explosive 
mixture  near  a blower,  he  can  easily  dimi- 
nish the  heat  by  turning  his  back  upon  the 
current ; and  keeping  it  fx*om  playing  upon 
the  lamp,  by  means  of  his  clothes  or  his 
body;  or  by  bringing  the  lamp  nearer  the 
orifice  from  which  the  fire-damp  issues,  he 
may  extinguish  it : and  there  never  can  be 
any  occasion  for  him  to  place  his  lamp  in 
the  e^diCt  point  whei’e  two  currents,  one  of 
fresh  air  and  one  of  fire-damp,  meet  each 
other.” 
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Chapter  III. 

CHEMICAL  ATTRACTION,  OR  AFFINITY. 

In  a former  chapter  we  have  considered  attraction  as  disposing  the 
similar  particles  of  bodies  to  adhere,  so  as  to  form  masses  or  aggregates ; 
and,  in  many  instances,  to  arrange  themselves  according  to  peculiar 
laws,  and  to  assume  regular  geometrical  figures.  We  then  proceeded  to 
show  that  heat^  or  calorific  repulsion^  was  a power  opposed  to  aggregation^ 
tending  to  separate  the  particles  of  matter,  and  in  many  ways  connected 
with  those  extraordinary  phenomena  which  have  been  referred  to  ethereal 
matter^  and  under  which  we  were  led  to  speak  of  light  and  radiant  heat-. 
We  are  now  to  give  an  outline  of  the  extensive  changes  which  result 
from  certain  attractive  powers,  appertaining  to  dissimilar  particles  of 
matter,  and  sometimes  therefore  called  heterogeneous.^  in  opposition  to 
homogeneous.,  attraction:  they  are  usually  comprehended  under  the  term 
chemical  affinity. 

§ 1.  General  Results  of  Chemical  Attraction. 

A GOOD  instance  of  chemical  attraction  is  afforded  by  the  mutual 
action  of  copper  and  sulphur.  If  16  parts  of  sulphur  broken  into  small 
fragments  be  mixed  in  a glass  flask  with  60  parts  of  copper  filings,  or  turn- 
ings, no  action  ensues;  they  may  be  triturated  together,  but  still  remain  a 
mere  mixture  of  sulphur  and  copper;  hut,  if  heat  be  applied,  so  as  to  fuse 
and  vaporise  the  sulphur,  the  copper  presently  begins  to  combine  with  it; 
heat  and  light  are  evolved,  the  copper  glowing  and  burning  in  the  sulphur 
vapor;  and  a brittle  black  compound,  quite  unlike  sulphur  or  copper, 
namely,  a sulphur et  of  copper.,  is  the  result.  This  simple  experiment 
furnishes  the  following  facts  for  consideration.  First,  it  shows  that 
mechanical  aggregation  is  opposed  in  this  case  to  chemical  action, 
and  that  the  sulphur  and  copper  do  not  combine,  till  the  aggregation 
of  the  former  is  diminished  or  overcome  by  heat.  2nd.  That  chemical 
action  is  here  attended  by  combustion.  3rd.  That  the  product  has 
properties  essentially  different  from  those  of  its  component  parts.  4th, 
That  sulphur  and  copper  combine  in  certain  proportions  only;  certain 
definite  quantities  of  sulphur  and  copper  being  required  to  form  the 
sulphuret. 

We  may  first  observe,  that  chemical  action  is  promoted  by  whatever 
tends  to  diminish  aggregation  or  to  disintegrate  and  separate  the  j)articles 
of  matter.  In  the  preceding  case,  this  is  effected  by  heat;  although  it  be 
true,  as  we  shall  afterwards  find,  that  electrical  powers  may  thus  be 
exalted  and  called  into  action.  It  is  this  property  or  effect  of  heat,  that 
renders  it  so  essential  an  agent  in  many  chemical  operations,  both  upon 
the  large  and  small  scale. 

Pulverization  is  a usual  method  of  diminishing  aggregation,  in  order 
to  facilitate  chemical  action : a piece  of  marble  is  a long  time  dissolving  in 
dilute  hydrochloric  acid,  and  the  evolution  of  its  carbonic  acid  is  slow ; 
reduced  to  powder,  it  is  rapidly  decomposed  and  dissolved.  The  influenee 
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of  aggregation  as  opposing  solvent  power  and  chemical  action,  is  strikingly 
illustrated  by  certain  forms  of  alumina ; the  sapphire  and  corundum, 
which  are  dense  and  crystalline  forms  of  alumina,  resist  the  action  of 
all  acids  and  alkalis,  whereas  finely  divided  and  freshly  precipitated 
alumina  is  extremely  soluble.  Chlorine  has  little  action  upon  a 
lump  of  metallic  antimony,  but  powdered  antimony  thrown  into 
the  gas  immediately  burns,  and  produces  a chloride  of  antimony. 
The  relative  combustibilities  of  the  varieties  of  carbon  furnish  good 
illustrations  of  the  influence  of  cohesion,  from  the  easily  combus- 
tible tinder  to  the  difficultly  combustible  diamond.  Iron  in  a state  of 
extreme  division  is  spontaneously  combustible,  as  when  reduced  by 
heating  its  finely  powdered  oxide  in  a current  of  hydrogen  gas.  Copper, 
as  obtained  in  fine  powder  by  precipitation  from  its  solution  upon  a 
plate  of  iron,  easily  burns  when  gently  heated.  Lead,  in  its  ordinary 
state,  is  scarcely  acted  upon  by  the  air  at  common  temperatures;  but  if  the 
salt  called  tartrate  of  lead  be  heated  red-hot,  in  a small  tube  or  phial, 
the  black  matter  which  is  obtained  contains  the  lead  in  a state  of  very 
minute  mechanical  division.,  and  in  this  state  it  takes  fire  upon  exposure 
to  air. 

Another  mode  of  diminishing  aggregation,  and  thereby  promoting 
chemical  action,  is  solution.,  the  importance  of  which,  as  a prelude  to 
the  process  of  crystallization,  has  already  been  noticed : its  effects 
are  shown  by  pouring  water  upon  the  mixture  of  tartaric  acid  and  bicar- 
bonate of  soda,  commonly  termed  effervescent  or  sodaic  powders;  the 
materials,  when  dry,  have  no  mutual  action,  but,  when  dissolved  in  water, 
the  acid  immediately  decomposes  the  carbonate.  Hence  arose  the  old, 
though  not  perfectly  correct,  chemical  axiom,  “ Corpora  non  agunt  nisi 
sint  soliita” 

There  are  some  cases  of  chemical  attraction,  promoted  apparently  by 
peculiar  states  of  the  surfaces  of  bodies,  which  are  of  an  extraordinary 
nature,  and  not  easily  explained ; such  are  the  action  of  certain  porous 
bodies,  and  of  perfectly  clean,  or  finely  divided  (spongy)  platinum  upon 
certain  gaseous  mixtures.  If  a strip  of  perfectly  clean  platinum-foil  be 
introduced  into  a tube  containing  two  volumes  of  hydrogen  and  one  of 
oxygen,  over  clean  water,  the  gases  presently  begin  to  combine,  and 
gradually  evolve  so  much  heat  as  ultimately  to  render  the  platinum 
red-hot,  and  produce  explosion.  “ The  force  of  adhesion  of  the  gas 
to  the  metal  suspends,  upon  its  surface,  the  self-repulsive  force  of  the 
similar  particles  of  each  gas,  and  brings  them  within  the  influence  of  the 
mutual  affinity  of  their  dissimilar  particles:  the  combination  thus  com- 
menced, proceeds  with  greater  activity  as  the  aflSinity  becomes  exalted  by 
heat.’"  (Daniell.)  When  the  platinum  is  in  a pulverulent  or  porous 
state,  its  influence  is  greatly  increased.  (See  Hydrogen  and  Platinum-,  also 
the  preceding  illustrations  of  combustion  without  flame.)  , 

The  evolution  of  heat  and  light,  attending  chemical  action,  is  espe- 
cially observed  where  the  mutual  affinities  are  intense,  or  where  combi- 
nation is  rapid,  and  the  electrical  states  of  the  acting  bodies  are  eminently 
opposed.  That  it  is  not  always  explicable  upon  the  theory  of  latent  heat, 
or  connected  with  increase  of  density,  is  evident  from  the  numerous 
cases  of  an  opposite  nature  in  which  it  occurs,  as  for  instance,  in  the  ex- 
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plosion  of  fulminating  mercury,  and  the  expansion  (attended  by  decom- 
position) of  the  oxide  of  chlorine.  Nor  does  it  appear  that  any  one  kind 
of  matter  is  essential  to  combustion:  it  is  a universal  effect  of  intense 
chemical  action,  and  proportionate  to  its  rapidity:  this  is  well  illustrated 
in  the  slow  and  rcqnd  combustion  of  phosphorus;  the  former  exhibits 
a pale  blue  light,  visible  only  in  the  dark,  and  attended  by  trifling 
elevation  of  temperature ; the  latter  is  brilliant  in  the  extreme.  When 
a candle  burns,  the  substances  of  which  it  is  composed  are  entering  into 
chemical  combination  with  the  oxygen  of  the  surrounding  atmosphere; 
so  also  with  respect  to  the  coals  consumed  in  our  fires;  and  in  both  cases 
we  observe  the  combustibles  gradually  losing  their  solid  form,  and 
acquiring  an  invisible  aeriform  state;  dissolving,  as  it  were,  in  the  air, 
and  disappearing.  If  we  apply  a spark  to  a small  heap  of  gunpowder, 
it  is  instantly  dissipated  in  the  gaseous  form,  and  a bright  flame  ensues. 
In  these  cases  it  will  always  be  remembered  that  there  is  no  destruction 
of  matter^  but  that  the  charcoal  and  other  substances,  composing  the 
candle,  the  coal,  and  the  gunpowder,  have  merely  entered  into  new  che- 
mical arrangements,  and  are  to  be  found,  as  we  shall  afterwards  particu- 
larly show,  in  the  iwoducts  of  combustion. 

The  next  result  of  chemical  action  is,  the  production  of  forms  of  matter 
possessed  of  properties  entirely  distinct  from  those  of  their  component  parts, 
so  that  it  is  impossible  to  anticipate,  from  our  knowledge  of  the  charac- 
ters of  the  latter,  those  which  are  to  belong  to  the  resulting  compound : 
hence  chemistry  is  essentially  a science  of  experiment.  Oil  of  vitriol,  for 
instance,  ox  sulphuric  acid,  is  a highly  acrid  and  corrosive  liquid,  but  it 
is  composed  of  tasteless  and  comparatively  inert  elements,  namely, 
oxygen,  sulphur,  and  water.  The  elements,  oxygen  and  nitrogen,  which, 
in  a state  of  mechanical  mixture,  constitute  the  air  we  breathe,  give 
rise,  when  chemically  combined,  to  one  of  the  most  active  agents  of  the 
laboratory;  namely,  nitrous  acid.  Again,  if  sulphuric  or  nitric  acids  be 
combined  with  caustic  potassa,  comparatively  mild  and  inert  neutral 
salts  result,  namely,  the  sidphate  and  the  nitrate  of  potassa,  in  which 
none  of  the  properties  of  the  component  acid  and  alkali  can  be  re- 
cognised. In  art,  these  remarkable  changes  are  made  snbservient  to  the 
most  important  purposes.  A variety  of  extremely  useful  compounds  are 
obtained  by  the  union  of  elements  comparatively  useless  and  unim- 
portant ; and,  by  the  decomposition  of  apparently  insignificant  com- 
pounds, their  more  useful  and  important  elements  or  components  are 
separated.  In  nature,  analogous  changes  are  more  strikingly  presented 
to  our  observation,  and  the  flower,  the  shrub,  and  the  tree,  are  seen 
gi’adually  to  be  formed  and  developed  out  of  materials  contributed  by  the 
air  and  soil,  and  in  all  respects  most  dissimilar  to  the  new  products  of  the 
vegetable  : it  is  true  that  in  these,  and  in  analogous  cases  which  might  be 
taken  from  the  animal  kingdom,  the  mysterious  power  of  vitality  inter- 
poses; but  such  changes  are  nevertheless  chemical,  Xiodi  legitimate  objects 
of  chemical  inquiry. 

There  are  many  beautiful  experiments  illustrative  of  the  total  change 
of  all  obvious  properties  of  substances  as  a consequence  of  chemical  com- 
bination; as  one  striking  instance,  we  may  adduce  the  mutual  action  of 
oxygen  and  nitrous  gases ; these  bodies  are  respectively  permanently 
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elastic  fluids,  without  color,  taste,  or  smell : when  mixed  over  water,  they 
immediately  enter  into  chemical  combination,  lose  their  elastic  form, 
become  of  a deep  orange  color,  intensely  sour,  and  of  a peculiar  odor ; 
in  their  separate  state  they  are  insoluble  in  water,  but  the  body  which 
has  resulted  from  their  combination  is  perfectly  soluble  in  that  fluid. 

Change  of  color  is  a common^  hut  also  an  important^  result  of  chemical 
action.  By  exposure  to  light,  air,  and  moisture,  the  greater  number  of 
colors  are  gradually  destroyed,  in  consequence  of  the  chemical  agencies 
that  ensue ; a similar  destruction  of  color  takes  place  more  immediately 
upon  the  application  of  chlorine ; and  hence  these  agents  are  resorted  to, 
to  effect  the  purpose  of  bleaching.  In  the  arts  of  dyeing  and  calico- 
printing.^  not  only  are  fugitive  colors  rendered  permanent,  but  their 
tints  are  variously  modified  by  chemical  means.  Of  the  vegetable  blues, 
there  are  many  which  are  rendered  red  by  an  acid,  and  green  by  an 
alkali ; and  hence  paper  stained  by  the  juice  of  violets,  or  of  the  blue 
flag,  or  of  the  petals  of  the  blue  heart’s-ease,  is  useful  as  a test  of  the  pre- 
sence of  alkaline  bodies.  The  same  principle  is  applied  to  other  purposes: 
if,  for  instance,  an  acid  be  gradually  added  to  an  alkaline  solution,  it  is 
found  that  there  are  certain  proportions  in  which  they  exactly  neutralize 
each  other;  that  is,  a point  at  which  the  liquid  neither  exhibits  acid  nor 
alkaline  characters.  This  point  may  be  precisely  learned  by  the  above 
tests,  for  the  solution  then  has  no  effect  on  the  vegetable  blue ; but  if 
either  acid  or  alkali  be  predominant,  that  is,  if  the  point  of  neutraliza- 
tion has  not  been  exactly  attained,  then  the  test,  by  the  tint  which  it 
assumes,  announces  the  predominant  element:  green^  if  alkaline,  and  red, 
if  acid*. 

In  other  cases,  change  of  color  announces  the  presence  of  peculiar 
elements  or  compounds : thus  ferrocyanide  of  potassium  shows  iron  by  a 
blue  color,  copper  by  a brown,  nickel  by  a very  pale  green,  &c.,  and  there 
are  numberless  other  tests  applicable  upon  the  same  principle. 

Among  the  results  of  chemical  action,  we  may  next  notice  those 
which  relate  to  the  change  of  state  or  form,  sustained  by  the  acting  bodies. 
When  substances  are  burned  in  the  air,  they  generally  pass,  as  already 
observed,  from  the  solid  to  the  aeriform  state;  and  the  deflagration  of 
gunpowder  is  a good  instance  of  such  sudden  conversion ; the  converse 
change,  that  of  gases  into  solids,  is  not  so  common,  yet  such  cases  are 
not  unfrequent.  When,  for  instance,  ammonia  and  hydrochloric  acid, 
both  gaseous,  are  mixed,  they  immediately  condense  into  a white  salt, 
which  is  hydrochlorate  of  ammonia.  When  one  part  of  fuming  nitric 
acid  is  added  to  two  of  strong  alcohol,  the  liquids  presently  disappear, 
with  violent  ebullition,  in  the  form  of  an  inflammable  vapor;  and  when 


* The  test-papers  used  in  the  laboratory 
are  generally  blue  litmus  paper,  for  the 
detection  of  acids,  and  the  same  reddened 
by  a weak  acid,  for  the  detection  of  alka- 
lis; the  acids  render  the  former  red,  and 
the  alkalis  restore  the  blue  of  the  latter. 
Paper  tinged  yellow  by  turmeric  is  also  use- 
ful in  the  detection  of  alkalis,  which  change 
it  to  a more  or  less  deep  reddish  brown. 


Unsized  paper,  tinged  by  a strong  infusion 
of  the  petals  of  the  red  rose,  is  a more  de- 
licate test  for  alkalis  than  turmeric : in  a 
very  strong  alkali  it  is  turned  greenish 
brown,  but  when  the  alkaline  solution  is 
very  dilute,  its  reaction  is  extremely  deli- 
cate, and  it  becomes  bright  green  : it  will 
thus  indicate  alkali  where  turmeric  is  not 
visibly  discolored.  (A.  Taylor.) 
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clilorine  and  bicarburetted  hydrogen  gases  are  mixed,  they  form  a,  liquid 
of  the  appearance  of  oil. 

Liquids  by  combination  produce  solids,  and  solids  produce  liquids.  A 
strong  solution  of  chloride  of  calcium,  mixed  with  one  of  carbonate  of 
potassa,  soon  concrete  when  shaken  together.  Excess  of  a strong  solution 
of  tartaric  acid,  added  to  strong  liquid  ammonia,  solidify  into  hiiartrate 
of  ammonia,  wdth  the  evolution  of  heat.  A mixture  of  pure  alcohol  added 
to  a saturated  solution  of  sulphate  of  magnesia,  congeals  into  a crystallized 
solid.  Crystals  of  sulphate  of  soda,  rubbed  with  an  equal  quantity  of 
nitrate  of  ammonia,  gradually  form  a liquid.  So  also  the  solid  amalgams 
of  lead  and  bismuth,  when  triturated  together,  assume  a liquid  form,  and 
become  cold. 

§ 2.  Theory  of  Combination  and  Decomposition. 

Chemical  affinity  is  frequently  spoken  of  under  the  term  elective 
attraction,  and  is  said  to  be  either  simple  or  complex.  It  is  sufficiently 
obvious  that  different  bodies  are  possessed  of  different  attractive  powers: 
and  accordingly,  if  several  be  brought  together,  those  which  have  the 
strongest  mutual  attractions  will  enter  first  into  union  : hence  has  arisen 
the  above  term.  If  I pour  dilute  nitric  acid  upon  a mixture  of  lime  and 
magnesia,  the  acid  will  dissolve  the  lime  in  preference  to  the  magnesia. 
The  knowledge  of  this  fact  leads  to  the  inference  that  lime  would  separate 
magnesia  from  its  combination  with  nitric  acid ; and,  accordingly,  if  lime- 
water  be  added  to  a solution  of  nitrate  of  magnesia,  nitrate  of  lime  is 
formed,  and  magnesia  is  thrown  down  or  precipitated.  Acid 

Upon  this  principle  tables  of  attraction  have  been  


constructed,  in  which  the  substance,  whose  affinities  are  Baryta, 
to  be  represented,  is  placed  at  the  head  of  a column,  Po^ta^s^' 
and  the  bodies  with  which  it  combines  beneath  it,  in  Soda 
the  order  of  their  respective  attractions  ; thus  the  affi-  Lime, 
nity  of  sulphuric  acid  for  several  bases  would  be  shown  Magnesia, 
as  annexed.  Ammonia. 


From  this  table  it  would  appear  that  baryta  separates  sulphuric  acid 
from  its  compounds  with  all  the  inferior  substances,  and  that  ammonia  is 
separated  by  all  that  are  above  it.  There  are,  however,  many  circumstances 
Avhich  interfere  with  the  accuracy  of  such  tables ; in  some  cases  the 
volatility,  and  in  others  the  insolubility  of  one  or  other  products,  influence 
the  results ; and  sometimes  there  are  apparent  anomalies  in  the  mutual 
agencies  of  bodies,  which  subvert  the  order  of  arrangement.  This  is 
especially  the  case  in  the  decomposition  of  certain  insoluble  compounds 
by  soluble  salts.  One  of  these,  originally  noticed  by  Dulong,  (Ann.  de 
Chim.,  Lxxxii.,  Nicholson’s  Journ.,  Nos.  35  and  36,)  has  been  investi- 
gated by  R.  Phillips  (Jour  rial  of  Science  and  the  Arts,  i.  80).  He  found 
that,  on  boiling  carbonate  of  baryta  in  a solution  of  sulphate  of 
potassa,  sulphate  of  baryta  and  carbonate  of  potassa  were  formed ; and 
he  also  found  that,  on  reversing  the  experiment,  by  boiling  sulphate  of 
baryta  in  a solution  of  carbonate  of  potassa,  carbonate  of  baryta  and 
sulphate  of  potassa  were  produced.  The  inferences  deducible  from 
Dulong’s  researches  upon  this  subject  are,  that  all  the  insoluble  salts  are 
decomposed  by  the  carbonates  of  potassa  or  soda;  but  that  a mutual 
exchange  of  principles  of  these  salts  cannot  in  any  case  be  complete:  and 
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that  all  the  soluble  salts,  of  which  the  acid  forms  with  the  base  of  the 
insoluble  carbonate  an  insoluble  salt,  are  decomposed  by  these  carbonates 
until  the  decomposition  has  reached  a certain  limit,  which  it  does  not  pass. 
(Ure’s  Diet.,  Art.  Attraction.) 

In  the  mutual  decompositions  of  steam  by  iron,  and  of  oxide  of  iron 
by  hydrogen,  we  have  another  apparently  anomalous  case  of  chemical 
action.  When  steam  is  passed  over  red-hot  iron,  a portion  of  it  is  decom- 
posed, hydrogen  gas  is  evolved,  and  oxide  of  iron  is  formed;  whence  we 
should  infer  that  the  affinity  of  oxygen  is  greater  for  iron  than  for 
hydrogen.  But  if  hydrogen  gas  be  passed  over  red-hot  oxide  of  iron, 
steam  is  formed  and  the  iron  reduced  to  the  metallic  state;  here  the 
affinity  of  oxygen  appears  greater  for  hydrogen  than  for  iron.  In  regard 
to  this  result  it  has  been  remarked  by  Professor  Graham  {Elern.  of  Chem., 
Part  2),  “ that  it  is  obviously  connected  with  the  relative  proportion 
between  the  hydrogen  and  the  steam  which  are  at  once  in  contact  with 
the  metal  and  its  oxide  at  a red  heat.  When  steam  is  in  excess,  water 
is  decomposed,  but  when  hydrogen  is  in  excess,  oxide  of  iron  is  decom- 
posed; and  why?  because  the  excess  of  steam  in  the  first  case  is  an 
atmosphere  into  which  hydrogen  can  diffuse,  and  the  disengagement  of 
that  gas  is  therefore  procured ; but  in  the  second  case  the  atmosphere 
is  principally  hydrogen,  and  represses  the  evolution  of  more  hydrogen 
but  facilitates  that  of  steam.  The  affinity  of  iron  and  hydrogen  for 
oxygen,  at  the  temperature  of  the  experiments,  is  so  nearly  balanced, 
that  the  one  affinity  prevails  over  the  other,  according  as  there  is  a 
proper  atmosphere  into  which  the  gaseous  product  of  its  action  may 
diffuse.  This  affords  an  intelligible  instance  of  the  influence  of  mass  or 
quantity  of  material,  in  promoting  a chemical  change ; the  steam,  or 
the  hydrogen,  as  it  preponderates,  exerting  a specific  influence  in  the 
capacity  of  a gaseous  atmosphere.”  The  subject  of  the  diffusion  of  gases 
referred  to  in  this  quotation  will  be  explained  in  the  chapter  on 
Hydrogen. 

In  cases  of  simjjle  attraction,  or  affinity,  one  body  separates  another 
from  its  combination  with  a third.  Thus,  when  potassa  is  added  to  a 
solution  of  sulphate  of  zinc  (composed  of  sulphuric  acid  and  oxide  of 
zinc),  the  oxide  of  zinc  is  separated,  and  sulphate  of  potassa  is  produced ; 
or  when  sulphuric  acid  is  dropped  into  a solution  of  nitrate  of  baryta, 
sulphate  of  baryta  is  precipitated  and  nitric  acid  set  free. 

In  cases  of  double  decomposition,  two  new  compounds  are  produced  : 
as  when  a solution  of  nitrate  of  baryta  is  mixed  with  a solution  of  sul- 
phate of  soda,  the  results  are  a precipitate  of  sulphate  of  baryta,  and  a 
solution  of  nitrate  of  soda. 

These  cases  of  double  decomposition  are 
sometimes  conveniently  illustrated  by  diagrams; 
which  may  either  be  constructed  so  as  merely  to 
show  the  result  of  the  change,  or,  where  re- 
quired, they  may  also  exhibit  the  composition 
of  the  acting  bodies.  In  the  case  just  alluded 
to,  the  substances  before  mixture  are  shown  by 
parallel  lines,  and  after  mixture  by  diagonal 
lines. 


Nitric  1 
Acid.'  ) 


-Baryta. 


Sulphuric 

Acid. 


-Soda. 
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Or  a more  complete  view  of  the 
change  is  given  in  the  annexed  dia- 
gram, where  the  bodies,  before  mix- 
ture, are  placed  upon  the  outside  of 
the  perpendicular  lines:  their  compo- 
nent parts  are  shown  within  them ; 
and  the  new  results  on  the  outside  of 
the  horizontal  lines. 


Nitrate  of  Soda. 


Nitrate  of 
Baryta, 


Sulphate 
of  Soda. 


Sulphate  of  Baryta. 


§ .3.  Chemical  Equivalents  and  the  Atomic  Theory. 

A MOST  important  result  of  chemical  attraction  is,  that  bodies  combine 
in  certain  proportions  only.  Thus,  in  the  case  just  cited,  of  the  combi- 
nation of  baryta  with  sulphuric  acid,  to  form  sulphate  of  baryta.,  it  is 
found,  that  in  that  compound,  whether  formed  by  nature  or  art,  by  single 
or  double  decomposition,  the  sulphuric  acid  and  baryta  always  bear  a 
certain  definite  relation  to  each  other,  and  are  contained  in  it  in  the 
relative  proportions,  by  weight,  of  40  sulphuric  acid  and  77  baryta : that 
is,  these  relative  weights  exactly  saturate  or  neutralize  each  other ; if  we 
suppose  sulphate  of  baryta  to  be  composed  of  07ie  atom  of  sulphuric  acid 
and  one  atom  of  baryta,  then  the  above  numbers  may  be  called  the  atomic 
weights  of  those  substances,  and  an  atom  of  sulphuric  acid  being  = 40 
and  of  baryta  =77?  the  atom  of  sulphate  of  baryta  will  be  (40  + 77)  = 
117:  these  numerical  proportions  have  been  sometimes  called  representa- 
tive., or  combining  numbers;  or  more  commonly,  for  a reason  which  will 
presently  be  apparent,  equivalent  numbers  or  proportiojials. 

But,  sulphuric  acid  and  baryta  are  not  elementary  substances,  they 
are  both  compounds,  and  are  consequently  termed  the  proximate  elements 
of  sulphate  of  baryta ; sulphuric  acid  consists  of  sulphur  and  oxygen,  and 
baryta  consists  of  barium  and  oxygen;  the  ultimate  elements.,  therefore, 
of  sulphate  of  baryta,  are  sulphur,  barium,  and  oxygen : hence  also  sul- 
phuric acid  and  baryta  are  called  compound  atoms;  but,  in  them,  the  same 
general  law  of  definite  proportionals  holds  good,  for  sulphuric  acid  con- 
sists of  16  sulphur  and  24  oxygen,  which,  added  together,  produce  the 
compound  equivalent  40;  and  baryta  consists  of  69  barium  and  8 oxygen, 
making  77?  the  equivalent  of  baryta  or  oxide  of  barium. 

Another  essential  fact  in  reference  to  chemical  combination  is,  that 
where  one  substance.  A,  combines  in  more  than  one  proportion  with 
another  substance,  b,  the  second,  third,  &c.,  proportions  of  b bear  a very 
simple  ratio  to  each  other.  Thus,  mercury  combines  with  oxygen  in  two 
proportions,  forming  the  black  oxide  and  the  red  oxide  of  mercury.  In  the 
former,  200  parts  of  mercury  are  combined  with  8 of  oxygen,  and  in  the 
latter,  200  parts  of  mercury  are  combined  with  16  of  oxygen.  Here  it  is 
obvious  that  the  quantity  of  oxygen  in  the  first.,  is  to  that  in  the  second 
compound  as  1 to  2.  So  that,  assuming  200  to  be  the  atomic  weight  of 
mercury,  and  8 the  atomic  weight  of  oxygen,  we  should  call  the  black 
oxide  a compound  of  1 atom  of  mercury  and  1 atom  of  oxygen,  and  the 
red  oxide  a compound  of  1 atom  of  mercury  and  2 ato7ns  of  oxygen. 

In  other  cases,  the  relative  proportions  of  the  components  are  to  each 
other,  as  1 to  1|,  1 to  2^,  &c.;  or,  what  amounts  to  the  same  thing,  as 
2 to  3,  2 to  5,  &c.  Thus,  in  regard  to  two  of  the  oxides  of  iron  : in  the 
protoxide,  28  parts  of  iron  are  combined  with  8 of  oxygen,  and  in  the 
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peroxide  with  12  of  oxygen.  Here,  the  quantity  of  oxygen  in  the  Jirsl  is 
to  that  in  the  second  as  I to  1*5.  There  are  also  two  acids  of  arsenic ; in 
the  arsenious  acid,  75  parts  of  arsenic  are  combined  with  24  of  oxygen, 
and  in  the  arsenic  acid  with  40  of  oxygen ; numbers  which  are  to  each 
other  as  3 to  5.  These  cases,  however,  are  by  no  means  of  such  frequent 
occurrence  as  the  former. 

The  simple  ratio  which  the  weights  of  the  combining  elements  are 
thus  seen  to  bear  to  each  other,  involves  an  equally  simple  law  in  respect 
to  combining  volumes,  where  substances  either  exist,  or  may  be  supposed 
to  exist,  in  the  state  of  gas  or  vapour.  Thus,  water  may  be  considered 
as  a compound  of  one  atom  of  hydrogen  and  I atom  of  oxygen,  the  relative 
weights  of  which  are  to  each  other  as  I to  8 ; hence  the  equivalent  of  the 
atom  of  water  will  be  (1  hydrogen  + 8 oxygen)  = 9.  But  oxygen  and 
hydrogen  exist  in  the  gaseous  state,  and  the  weights  of  equal  volumes  of 
those  gases  (or  in  other  words,  their  relative  densities,  or  specific  gravities), 
are  to  each  other  as  I to  16 ; hence  I volume  of  hydrogen  is  combined 
with  \ a volume  of  oxygen,  to  form  I volume  of  the  vapor  of  water 

or  steam : for  the  specific  gravity  of 
steam,  compared  with  hydrogen,  is  as 
9 to  I.  The  annexed  diagrams,  there- 
fore, will  represent  the  combining 
weights  and  volumes  of  the  elements 
of  water,  and  of  its  vapor. 

To  give  another  instance : hydrochloric  acid  gas  is  considered  as  a 
compound  of  I atom  of  hydrogen  and  I atom  of  chlorine,  their  respective 
weights  being  I and  36,  and  that  of  the  resulting  hydrochloric  acid  37- 
Now  the  specific  gravity  of  hydrogen  to  chlorine  is  also  as  I to  36,  and 

of  hydrogen  to  hydrochloric 
acid  as  I to  18*5.  Hence  it 
is  obvious,  as  in  this  diagram, 
that  1 volume  of  hydrogen 
and  I volume  of  chlorine 
combine  to  form  2 volumes 
of  hydrochloric  acid. 

These  instances,  therefore,  will  suffice  to  show  that  there  is  the  same 
simple  relation  in  the  volumes  of  the  compounds  as  in  their  weights  ; I 
volume  of  hydrogen  and  0*5  a volume  of  oxygen  producing  1 volume  of 
aqueous  vapour ; and  I volume  of  hydrogen  and  I volume  of  chlorine 
producing  2 volumes  of  hydrochloric  acid.  In  the  latter  case,  and  there 
are  many  similar  instances,  the  equivalent,  or  atomic  weights,  correspond 
with  the  specific  gravities  in  reference  to  hydrogen  as  = I,  the  gases  com- 
bining volume  for  volume,  and  producing  a compound  gas,  the  volume  of 
which  is  equal  to  the  united  volumes  of  its  constituents. 

As  a further  illustration  of  the  whole  subject  of  definite  proportionals, 
and  of  the  atomic  theory,  in  reference  to  weights  and  volumes,  I subjoin 
a table  of  the  compounds  of  nitrogen  and  oxygen : those  elementary  bodies 
unite  with  each  other  in  no  less  than  5 proportions,  and  in  the  simplest 
ratios,  forming  two  oxides  and  three  acids. 


Hydrogen. 

Chlorine. 

Hydrochloric  Acid. 

1 

36 

37 
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1 atom  of  the  protoxide  of ) 
nitrogen  consists  of....j 
1 atom  of  the  deutoxide  .... 
1 atom  of  the  hyponitrousl 

acid  j 

1 atom  of  the  nitrous  acid.... 
1 atom  of  the  nitric  acid  . . . . 


fVeig  hts  of  the 

Atoms  or  atoms  or  Atomic  Cohimes  of  Resulting 

equivalents  equivalents  of  vceifrht  Nitrogen  volume 

of  Nitrogen  Nitrogen  of  the  and  Oxygen.  of  the 

and  Oxygen.  and  Oxygen.  compound.  compound. 

N.  O.  N.  O.  N.  O. 

1 + 1 ....  14+8  . ..  22  ....  1 + 0-5  ....  1 

1 + 2 ....  14  + 16  ....  30  ....  1 + 1 ....  2 

1 + 3 . ..  14  + 24  . 38  ....  1 + 1*5  .... 

1 + 4 . 14  + 32  ....  46  ....  1 + 2 ....  1 

1 + 5 . . 14  + 40  ....  54  ....  1 + 2-5 


It  has  been  above  stated  that  40  parts  of  sulphuric  acid  (or  I atom) 
are  neutralized  by  77  1 atom)  of  baryta.  Now  we  find  that  40  parts 

of  sulphuric  acid  are  neutralized  by  32  of  soda;  hence,  32  will  be  the 
atomic  weight,  or  equivalent  of  soda:  if  we  now  refer  to  nitric  acid  we 
shall  find  that  77  parts  of  baryta  neutralize  54  of  nitric  acid,  and  that 
32  of  soda  neutralize  the  same  quantity  of  that  acid.  Supposing,  there- 
fore, we  decompose  nitrate  of  baryta  by  sulphate  (f  soda^  it  follows  that 
the  newly-formed  salts  will  still  be  ne?itral,  as  in  the  subjoined  diagram, 
to  which  the  equivalent  numbers  of 
the  acting  substances  are  annexed ; 
from  which  it  appears  that  I3I  parts 
of  nitrate  of  baryta.,  consisting  of  77 
haryta  and  54  nitric  acid,  are  re- 
quired to  decompose  72  parts  of 
sulphate  of  soda.,  composed  of  32 
soda  and  40  sulphuric  acid;  and  that 
the  results  of  this  decomposition  are 
86  parts  of  nitrate  of  soda,  com- 
posed of  54  nitric  acid  and  32  soda, 
and  1 17  sulphate  of  baryta,  composed  of  40  sulphuric  acid  and  77 
baryta. 

If  we,  therefore,  are  acquainted  with  the  equivalent  numbers  of  the 
respective  bases  and  acids,  we  at  once  know  the  relative  quantities  re- 
quired for  saturation,  and  consequently  the  composition  of  all  the  neutral 
salts,  as  will  be  evident  from  inspecting  the  following  table: — 


86 

^Nitrate  of  Soda. 


131 

Nitrate  of 
Baryta. 


Nitric  Acid 
54 


+ 


Soda 

32 


72 

Sulphate 
of  Soda. 


Baryta 
77 


+ 


Sulphuric 
Acid  40 


Sulphate  of  Baryta 

117 


Acid.  Equivalent. 

Iodic  165  

Bromic 118  

Chloric 76  

Selenic 64  

Nitric  54  

Sulphuric 40  

Oxalic  36  

Carbonic  22  


Base. 

Equivalent 

Baryta  

77 

Strontia 

52 

Potassa  

48 

Soda  

32 

Lime  

28 

Magnesia  .... 

20 

Ammonia  .... 

17 

Lithia 

15 

Here  we  find,  for  instance,  that  40  parts  of  sulphuric  acid  saturate  48  of 
potassa  to  form  88  of  sulphate  of  potassa,  for  the  decomposition  of  which 
would  be  required  131  of  nitrate  of  baryta,  containing  54  of  nitric  acid 
and  77  of  baryta.  We  may  also  remark  the  different  quantities  of  the 
different  bases  that  are  required  to  saturate  a given  weight  of  any  of  the 
acids,  and  vice  versa:  thus,  77  of  baryta,  and  only  17  of  ammonia,  are 
required  to  saturate  54  of  nitric  acid;  and  28  of  lime,  which  are  saturated 
by  22  of  carbonic  acid,  require  165  of  iodic  acid  for  the  same  purpose. 
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These  tables  are  of  great  value  to  those  who  conduct  chemical  opera- 
tions upon  the  large  scale,  in  the  processes  of  arts  and  manufactures, 
guiding  them  in  the  quantity  of  materials  which  they  require,  and  point- 
ing out  the  proportions  of  the  products  which  should  he  obtained ; and 
when  applied,  as  suggested  by  Dr.  Wollaston  in  his  account  of  A 
Synoptic  Scale  of  Chemical  Equivalents,”  {Phil.  Trans..,  1814,)  to  a 
sliding-rule.,  divided  upon  the  principles  of  Gunter  s scale.,  they  furnish  the 
practical  as  well  as  the  theoretical  chemist  with  an  admirable  instrument 
of  reference,  for  the  purpose  of  facilitating  and  verifying  his  experimental 
and  calculated  results.  The  form  of  this  instrument,  which  I recom- 
mend to  the  student^,  is  a box- wood  scale,  about  two  feet  two  inches 
long,  consisting  of  a moveable  slider  with  a logometric  line  of  numbers 
upon  it,  and  a corresponding  series  of  numbers  upon  the  rule  itself; 
upon  the  rule  the  simple  substances  are  also  arranged,  each  opposite  to 
its  respective  equivalent:  the  equivalents  of  the  compounds  may,  by 
those  who  have  competent  experience,  be  easily  deduced  from  those 
of  the  elements;  but,  for  the  convenience  of  others,  and  to  avoid  per- 
plexing the  scale  with  a multiplicity  of  terms,  a separate  table  accom- 
panies it,  containing  a copious  list  of  compound  equivalents.  One  of  the 
commonest  uses  of  this  scale  is  to  ascertain  the  relative  proportions  of  the 
elements,  in  variable  quantities  of  their  compounds;  for  instance,  I know 
that  the  equivalent  of  chloi'hie  is  36,  and  of  sodium  24,  and  consequently 
that  the  equivalent  of  chloride  of  sodiu7n  (or  common  salt)  is  (36  -f  24)  = 60. 
But  I wish  to  ascertain  how  much  of  each  of  the  elements  is  contained  in 
95  of  salt : I therefore  bring  the  number  95  upon  the  slider  opposite 
to  60  upon  the  scale,  and  I now  find  the  number  57  opposite  to  36,  and 
the  number  38  opposite  to  24;  hence  95  parts  of  chloride  of  sodium  con- 
sist of  57  of  chlorme,  and  38  sodiimi.  These  and  the  other  uses  of  this 
scale  are  soon  learned  by  a little  practice,  or  by  reference  to  Dr.  Wollas- 
ton’s paper,  above  quoted,  or  to  Faraday's  Manipulation. 

The  doctrine  of  equivalents  furnishes  the  analytical  chemist,  in 
the  first  place,  with  a valuable  test  of  the  accuracy  of  his  experimental 
results,  which  of  course,  if  correct,  will  not  deviate  from  the  above  laws; 
it  also  enables  him,  in  many  instances,  to  infer  the  composition  of  a 
substance,  where  direct  experiment  is  unattainable,  and  this  in  more 
ways  than  one.  It  was  long,  for  instance,  before  magnesium  (the  me- 
tallic base  of  magnesia,)  was  obtained,  but  analogy  led  chemists  to  con- 
clude that  magnesia  was  a iwotoxide  of  a metal,  that  is,  a compound  of 
1 atom  of  metallic  base,  with  I atom  of  oxygen.  The  composition 
of  magnesia,  therefore,  was  inferred  from  the  composition  of  its  sul- 
phate, consisting  of  I atom  of  sulphuric  acid  = 40  united  to  20  of 
magnesia;  now  20,  which  thus  presents  itself  as  the  atomic  weight 
of  magnesia,  must  include  an  atom  of  oxygen  “ 8;  and  8 deducted 
from  20,  leaves  12  as  the  inferred  weight  of  the  atom  of  magnesium. 
In  the  same  way  the  composition  of  lime  was  inferred  to  be  20  calcium 
and  8 oxygen,  for  it  was  found  that  sulphate  of  lime  consisted  of  40  sul- 
phuric acid  and  28  lime,  and  as  the  oxygen  in  the  base  of  a neutral 


* They  are  made  by  Newman,  No.  122,  trie  scales,  may  be  conveniently  added 
Regent-street,  and  tables  of  weights  and  upon  the  back  of  the  rule, 
measures,  and  of  the  different  thermome- 
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sulphate  Is  to  tliat  in  the  acid  as  1 to  3,  it  became  obvious  that  lime^  or 
protoxide  of  calcium^  must  be  constituted  as  above  stated. 

To  give  anotlier  instance  of  a similar  application  of  the  atomic 
theory:  it  was  found  that  chlorine  expelled  oxygen  from  lime,  and  it  was 
ascertained  that  for  every  28  parts  of  lime  so  decomposed,  8 parts  of 
oxygen  were  evolved,  and  56  parts  of  chloride  of  calcium  formed ; now 
deducting  36  (the  equivalent  of  chlorine)  from  56,  20  remains  as  the 
equivalent  of  calcium. 

More  complicated  instances  of  such  extensions  of  this  theory  will  he 
given  afterwards,  especially  among  its  applications  to  organic  pr'odzicts; 
my  object  in  the  preceding  paragraphs  has  been  to  divest  it  of  all 
hypothetical  difficulty,  and  to  present  it  to  the  student  as  involving  a 
series  of  important  practical  applications,  and  as  founded  upon  the  basis 
of  experiment.  Those  who  would  view'  it  in  reference  to  ancient  atomic 
doctrines,  and  to  the  more  obscure  parts  of  molecular  philosophy,  may 
consult  Dr.  Daubeny’s  Essay  on  the  A tomic  Theory^  and  Dr.  Prout's 
Bridgewater  Treatise. 

I shall  now  merely  add  a few  words  in  further  explanation  of  the  mode 
of  determining  atomic  weights.,  or  equivalent  numbers.  They  are  founded 
upon  careful  analyses  of  the  simplest  combinations  of  the  most  important 
elements : among  these  we  may,  as  an  instance,  select  water;  the  most 
rigid  analytical  researches  concur  in  representing  this  fluid  as  constituted, 
q)er  cent..,  of  11*1  hydrogen,  and  88’9  oxygen.  Now,  if  we  determine 
upon  hydrogen  as  unity,  or  “ I,  then  11*1  : 88*9  : : I : 8*009;  or,  the 
hydrogen  is  to  the  oxygen  very  nearly  in  the  ratio  of  I to  8 ; and 
assuming  water  to  consist  of  1 atom  of  hydrogen  united  to  I atom 
of  oxygen,  the  atomic  W'eight  of  the  former  being  = 1,  that  of  the 
latter  w'ould  be  = 8.  In  hydrochloric  acid,  which,  as  already  stated,  is 
a compound  of  hydrogen  and  chlorine,  these  elements  hear  to  each 
other  the  relation  of  1 to  36;  hence  36  is  assumed  as  the  atomic  weight, 
or  prime  equivalent  of  chlorine.  If  I now  wish  to  determine  the  equiva- 
lent of  a metal,  I select  its  protoxide,  and  ascertain  what  weight  of  the 
metal  is  combined  in  such  oxide,  with  8 parts  of  oxygen.  Thus  in  regard 
to  soda,  I find  it  constituted  per  cent,  of  25  oxygen  and  75  sodium;  and 
25  : 75  : : 8 : 24,  hence  the  number  24  is  assumed  as  the  equivalent  of 
sodium.  In  the  same  W'ay  I may  resort  to  the  analysis  of  chloride  of  so- 
dium, 100  parts  of  which  consist  of  60  chlorine  and  40  sodium ; and 
60  : 40  : : 36  : 24;  thus  the  former  result  is  verified  by  the  analysis  of  a 
second  compound. 

The  advantages  of  assuming  hydrogen  as  = 1 or  unity,  and  thence 
deducing  the  other  equivalents,  are  such  as  to  have  led  to  its  very  general 
adoption  in  this  country;  as  it  is  the  substance  wdiich  combines  in  the 
smallest  relative  weight,  all  other  substances  may  be  represented  by 
numbers  which  are  multiples  of  its  equivalent,  and  may,  for  all  ordinary 
purposes  of  demonstration  and  research,  he  whole  nuynhers;  but  to  this 
subject  I shall  again  recur.  Some  represent  hydrogen  by  10,  and  some 
by  100;  in  these  cases  oxygen  is  of  course  80  or  800,  and  chlorine  360 
or  3600,  &c.  Others  adopt  oxygen  as  unihj,  in  which  case  hydrogen 
becomes  one-eighth  of  that  unit,  and  is  represented  by  0*125,  chlorine 
by  4*5,  sodium  by  3,  &c.;  but  this  system  is  extremely  inconvenient, 
in  consequence  of  the  perpetual  and  necessary  recurrence  of  fractions. 
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especially  as  concerns  the  retention  of  equivalents  by  the  memory.  The 
equivalents  used  by  Berzelius  have  reference  to  oxygen  as  100*;  and 
consequently  his  equivalent  for  hydrogen  is  12*5,  for  8:1::  100  : 12*5 
or  8 : 1 : : 1*00  : 0*125.  To  convert  the  equivalent  on  the  hydrogen 
scale  to  that  of  the  oxygen  unit,  divide  the  former  by  8.  Thus  36,  which 
is  the  equivalent  of  chlorine  on  the  hydrogen  scale,  gives  4*5  as  its  equiva- 
lent on  the  oxygen  scale;  or  450,  if  hydrogen  be  assumed  as  = to  100. 
To  convert  the  oxygen  equivalent  into  that  of  the  hydrogen  scale,  mul- 
tiply the  former  by  8;  thus  4*5  gives  36,  and  0*125,  which  is  the 
equivalent  of  the  hydrogen  on  the  oxygen  scale,  multiplied  by  8,  gives  1. 
I have,  in  this  work,  used  the  terms  atom  and  equivalent  as  synonymous, 
and  they  are  generally  so  employed  in  this  country.  “ On  the  Continent 
this  has  not  been  the  case,  for  the  equivalent  of  many  elements,  such  as 
hydrogen,  chlorine,  &c.,  has  there  been  assumed  to  contain  two  atoms.” 
“ But  as  both  parties  agree  that  water  contains  one  equivalent  of  each 
element,  it  is  obvious  that  the  system  adopted  in  Britain,  by  which  equi- 
valent is  made  entirely  synonymous  with  atom,  has  the  very  great  advan- 
tage of  superior  simplicity.”  “ Within  the  last  year  or  two  several  of  the 
most  distinguished  chemists  on  the  Continent  have  adopted  the  British 
system  in  this  respect,  and  there  is  little  doubt  that  ere  long  it  will 
become  universally  prevalent.”  (Gregory,  Outlines  of  Chemistry^  25.) 

The  practical  uses  and  applications  of  the  atomic  theory,  and  further 
illustrations  of  the  researches  upon  which  it  is  founded,  will  occur  in 
almost  every  succeeding  page  of  this  book.  It  has  been  justly  observed 
by  Sir  John  Herschel,  that  the  extreme  simplicity  which  characterizes 
this  theory,  is  itself  no  unequivocal  indication  of  its  elevated  rank  in  the 
scale  of  physical  truths. 


* The  extreme  confusion  resulting  from 
the  adoption  of  a series  of  equivalent  num- 
bers founded  upon  the  assumption  that 
water  is  a compound  of  2 atoms  of  hydro- 
gen and  1 atom  of  oxygen,  and  the  in- 
congruities and  contradictions  which  that 
hypothesis  involves,  must  be  too  evident  to 
all  who  read  the  works  of  the  eminent 
authors  who  speak  in  that  language.  We 
shall  have  other  opportunities  of  adverting 
to  the  views  of  Dr.  Prout  in  reference  to 
the  equivalents  of  the  undecompounded  sub- 
stances being  simple  multiples  of  the  hy- 
drogen unit ; a view  which,  though  opposed 
and  even  ridiculed,  has  been  elaborately 
examined  into  and  verified  by  Dumas  as 
regards  the  most  important  elements, 
namely,^  oxygen,  nitrogen,  carbon,  calcium, 
&c.  Upon  the  principle  stated  in  the  text, 
that  for  all  ordinary  purposes  of  research 
the  equivalents  may  be  represented  by 
whole  numbers ; and  under  the  conviction 
that  analytic  operations  have  not  attained 
that  consummate  perfection  which  some 
have  assumed,  and  which  must  be  arrived 
at  before  this  question  can  be  settled,  I 
have  always  employed  Dr.  Front’s  num- 


bei’s,'^and  it  is  very  satisfactory  to  find 
many  of  the  highest  authorities  coming  in 
to  these  views.  Thus,  Dumas  observes: 
“ J’ai  dit,  et  je  repete,  que  tons  les  poids 
atomiques  ont  besoin  d’une  revision  atten- 
tive: que  sans  adopter  ou  sans  repousser 
les  opinions  du  Docteur  Prout,  je  suis  force 
de  convenir  qu’elles  se  sont  generalement 
accordees  a mes  propres  experiences.” 
{Ann.  Ch.  et  Ph.,  Juin,  1843,  p.  203.) 
Gmelin,  too,  has  given  his  opinion  in  fa- 
vour of  the  hydrogen  unit,  and  has  adopted 
it  in  his  Handbootc : and  though  he  has  not 
followed  up  the  system  of  whole  numbers 
throughout,  he  has  adopted  it  in  reference 
to  oxygen,  nitrogen,  carbon,  sulphur,  &c. 
And  in  regard  to  chlorine,  which  many 
experienced  analysts  have  held  out  as  in- 
surmountably incompatible  with  Front’s 
doctrine  of  whole  numbers,  it  has  been  shown 
by  Gerhardt,  {Comptes  Rendus,  &c.,  Dec. 
8,  1845,)  that  in  adopting  certain  manipula- 
tory precautions  which  his  predecessors  had 
neglected,  he  arrives  exactly  at  the  simple 
multiple  36,  for  its  equivalent  upon  the 
hydrogen  scale. 


CllAPfER  IV. 
ELECTRICITY. 


Many  of  the  phenomena  of  electricity  are  so  remarkable,  and  so 
easily  exhibited,  as  long  to  have  attracted  general  attention : by  the 
natural  philosopher  they  have  been  studied  with  much  precision  and 
success;  and,  more  lately  the  discovery  of  the  relation  of  the  electrical  to 
the  chemical  powers  of  matter,  and  to  magnetism^  has  opened  an  entirely 
new  field  of  research. 

We  are  ignorant  of  the  nature  or  cause  of  electrical  phenomena,  hut 
for  the  convenience  of  description  and  discussion  it  has  been  customary  to 
refer  them  to  the  presence  of  a highly  attenuated  and  subtile  form  of 
matter,  which  has  been  termed  the  electric  Jiuid.  The  existence,  how- 
ever, of  such  a fluid,  or  of  any  peculiar  form  of  matter  as  productive 
of  electrical  phenomena,  is  entirely  hypothetical,  and  merely  assumed  to 
facilitate  our  reasoning  upon  the  subject. 

Inasmuch  as  electrified  bodies  are  found  to  present  themselves  in  two 
opposite  or  distinct  states^  it  has  been  presumed  that  the  electric  fluid 
exists  in  all  forms  of  matter;  that,  under  ordinary  circumstances,  it  is  in 
a state  of  equilibrium  or  quiescence ; and  that,  when  this  state  is  so  dis- 
turbed as  to  occasion  either  its  redundance  or  deficiency^  the  bodies 
then  become  electrically  excited : upon  this  view  of  the  cause  of  elec- 
tricity, which  originated  with  Franklin,  the  opposite  states  have  been 
termed  positive  and  negative*  Others  ascribe  the  phenomena  to  the 
presence  of  two  electric  fluids,  supposed  to  reside  in  glass  and  resin,  and 
hence  distinguished  by  the  terms  vitreous  and  resinous.  This  hypothesis, 
which  originated  with  Du  Fay,  has,  under  some  modifications,  also  been 
very  generally  adopted;  it  has  been  assumed  that  the  two  electric  fluids 
are  universally  diffused;  that  they  are  infinitely  subtile  and  elastic,  and 
each  repulsive  of  its  own  q)articles,  but  attractive  of  those  of  the  opposite 
kind ; these  forces  being  equal  at  equal  distances,  and  varying  inversely 
with  the  square  of  the  distance*.  In  the  ordinary  or  quiescent  state, 
these  fluids  are  supposed  to  be  combined  with,  and  exactly  to  neutralize, 
each  other;  and  electric  excitation  is  attributed  to  their  separation,  or 
to  the  decomposition  of  the  neutral  fluid.  The  first  of  these  hypo- 
theses is  recommended  by  its  simplicity,  and  by  the  facility  with  Avhich 
it  enables  us  to  reason  upon  the  greater  number  of  electrical  pheno- 
mena; but  there  are  cases  in  which  the  second  appears  most  consistent; 
so  long,  however,  as  the  definitions  which  we  shall  afterwards  give,  of 
the  terms  positive  and  negative,  are  distinctly  understood,  the  adoption  of 
either  hypothesis  is  matter  of  little  importance,  always  bearing  in 
mind  that  both  states,  or  fluids,  are  common  to  all  matter,  and  that  they 
are  always  co-existent. 

§ 1.  Electrical  Excitation.  Attraction  and  Repulsion. 

The  simplest  indication  of  electricity  is  that  observed  when  certain 
resinous  and  vitreous  bodies  are  subjected,  in  a dry  and  warm  state,  to 


* Coulomb  supposed  the  two  electric 
flu'ds  to  be  possessed  of  equivalent  proper- 

VOL.  I.  . 


ties,  neutralking  each  other’s  elasticity 
like  oxygen  and  hydrogen  combined. 
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gentle  friction ; as  when  a piece  of  sealing-wax  is  rubbed  with  flannel, 
or  a glass  rod  with  a piece  of  silk ; in  these  cases  the  sealing-wax  and 
the  glass  acquire  the  property  of  attracting  and  repelling  light  substances; 
and  they  are  said  to  be  electrically  eocciled.  Such  properties  seem  first  to 
have  been  observed  in,  and  supposed  peculiar  to  amber;  and  hence  the 
term  electricity^  from  the  Greek  word  TjXcKTpov^  signifying  amber.  In- 
dependent of  these  attractive  and  repulsive  powers,  there  are  other  equally 
curious  properties  observed  in  the  electrically-excited  bodies ; in  the  dark 
they  appear  luminous^  emitting,  whilst  rubbed,  flashes  of  bluish  light ; 
and,  if  held  near  the  face,  they  produce  a singular  tickling  sensation.  We 
find,  moreover,  that  this  electrical  excitation  is  transient ; that  it  gra- 
dually disappears,  and  that  if  the  hand  be  passed  two  or  three  times  over 
the  surface  of  the  sealing-wax,  or  of  the  glass,  all  signs  of  electricity  are 
lost.  A light  downy  feather,  clean  and  dry,  and  suspended  by  a long 
thread  of  white  sewing  silk,  so  as  to  he  as  independent  as  possible  of  sur- 
rounding bodies,  is  a most  delicate  and  useful  indicator  of  this  form  of 
electrical  excitation,  and  may  be  used  in  the  following  experiments. 

1.  Provide  a glass  tube,  about  three  feet  long,  and  three-fourths  of  an 
inch  diameter,  and  having  wiped  it  perfectly  clean  and  dry,  rub  it  gently 
with  a warm  silk  handkerchief ; it  will  become  electrically  excited ; and, 
on  approaching  the  feather,  will  immediately  attract  it ; but,  on  gently 
withdrawing,  and  again  bringing  it  near  to  the  feather,  the  feather  will 

be  steadily  repelled;  so 
that  it  wfill  be  impossible, 
for  a short  time,  to  get 
it  to  touch  the  tube : 
after  a while,  however, 
it  again  flies  to,  or  is 
attracted  by,  the  tube, 
and  then  again  repelled 
as  before.  The  annexed 
cuts  (figs.  123,  124,)  re- 
present theappearance  of 
the  feather  when  attract- 
ed and  when  repelled. 

This  apparently  tri- 
fling experiment  teaches 
an  important  elementary 
fact:  it  shows  that  the 
feather,  having  received 
electricity  from  the 
glass  by  direct  contact,  is  repelled  by  it ; and,  consequently,  that  bodies 
similarly  electrified  repel  each  other ; for  we  assume  the  feather  to  have 
received  a portion  of  the  electricity  of  the  glass,  and  we  know  that  the 
repulsion  is  mutual. 

2.  Rub  a large  stick  of  red  sealing-wax  with  a piece  of  dry  and 
warm  flannel ; the  sealing-wax  will  thus  be  rendered  electrical,  and  will 
act  upon  the  feather  apparently  in  the  same  way  as  the  glass ; that  is, 
first  attracting  and  then  repelling  it ; and  the  moment  that  the  feather 
has  received  the  electricity  of  the  wax,  those  bodies  also  become  mutually 
repulsive. 
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3.  Warm  a sheet  of  foolscap  paper,  folded  in  the  usual  way,  before 
the  fire,  and  rub  it  gently  upon  a clean  polished  table  with  a piece  of 
Indian  rubber;  then  suddenly  open  the  sheet,  and  hold  its  interior  to- 
wards the  feather,  which  will  be  attracted  and  repelled,  as  in  the  preceding 
cases  of  glass  and  wax. 

There  are  a number  of  other  substances  which  become  electrical  by 
friction,  such  as  white  and  black  silk  drawn  gently  over  each  other,  as  is 
commonly  observed  with  silk  stockings ; the  back  of  a clean  cat  gently 
rubbed  with  the  dry  and  warm  hand ; long,  clean,  and  dry  hair,  combed 
in  frosty  weather;  silk  tassels  and  fringes,  and  so  on:  but  the  instances 
above  cited  are  sujfficient,  and  we  may  now  proceed  to  a second  set  of 
experiments  with  the  same  apparatus. 

1.  Excite  the  glass  tube  as  before,  and  electrize  the  feather,  so  as  to 
render  it  repulsive  of  the  tube;  then  bring  the  excited  sealing-wax  near 
the  feather,  and  it  will  not  be  repelled  as  by  the  glass,  but  will  be  imme- 
diately attracted^  by  it. 

2.  Reverse  the  experiment,  and  having  electrized  the  feather  by 
sealing-wax,  bring  the  excited  glass  rod  near  it,  when,  instead  of  being 
further  repelled^  it  will  be  attracted. 

3.  If  the  feather  be  suspended  between  the  excited  wax  and  the 
excited  glass,  it  will  vibrate  to  and  fro,  being  alternately  attracted  and 
repelled. 

These  experiments  show  that  there  is  a difference  in  the  electricities 
of  the  glass  and  sealing-waoc.,  and  that  bodies  rendered  repulsive  by  glass 
are  attracted  by  wax;  and  vice  versa.  We  had  previously  found  that 
bodies  similarly  electrified  repel  each  other ; we  now  observe  that  bodies 
dissimilarly  electrified  attract  each  other. 

These  dissimilar  electricities,  in  reference  especially  to  the  above  me- 
thods of  producing  them,  were  originally  termed  vitreous  and  resinous  ; 
for  these,  the  terms  positive  and  negative  are  now  more  commonly  sub- 
stituted ; and  the  two  states  may  be  represented  by  the  symbols  plus.,  -f- 
and  minus.)  — . The  feather  electrified  by  glass  is  said  to  be  in  a positive 
state,  and  that  by  sealing-wax.,  negative. 

Still  retaining  the  simple  apparatus  that  we  set  out  with,  we  may 
now  proceed  as  follows:  1.  Fold  the  silk  in  such  a way  as  to  keep  the 
hand  as  far  as  possible  from  the  glass  tube  ; then  rub  the  tube  with  it, 
and  electrize  the  feather,  which  will  now  be  repelled ; whilst  it  retains 
this  repulsive  state  in  regard  to  the  tube,  approach  it  with  the  part  of 
the  silk  which  had  rubbed  the  glass,  and  it  will  be  found  to  be  attracted. 
From  this  experiment  we  should  conclude  that  the  silk  and  the  glass  were 
in  opposite  electric  states : we  have  already  called  the  glass  positive;  the 
silk,  therefore,  must  be  negative.  The  experiment  may  be  varied  as 
follows : 

2.  Hold  the  silk  as  before,  and  having  warmed  it,  rub  it  with  the 
tube;  then  bring  it  near  the  feather,  which  it  will  at  first  attract  and  then 
repel:  whilst  the  feather  is  thus  repelled  by  the  silk,  approach  it  with  the 
excited  glass,  by  which  it  will  be  immediately  attracted.  It  is  obvious, 
therefore,  that  the  glass  and  the  silk  are  in  opposite  states. 

3.  If  we  roll  up  the  flannel  so  as  to  keep  the  rubbed  part  at  a distance 
from  the  hand,  then  rub  it  with  the  sealing-wax,  and  bring  it  to  the 
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feather,  the  latter  will  he  immediately  attracted  by  the  flannel,  and  then 
repelled  : if  we  now  approach  it  with  the  excited  wax,  instead  of  being 
more  powerfully  repelled,  it  will  he  instantly  attracted.  Hence,  having 
agreed  to  call  the  electricity  of  the  wax  negative,  that  of  the  flannel  must 
of  course  be  'positive;  for  it  is  evidently  of  the  opposite  or  dissimilar 
kind. 

Here,  then,  we  have  developed  another  important  electrical  law, 
showing  that  one  kind  of  electricity  cannot  be  produced  without  the  other  ; 
that  when  a body  is  positive,  some  part  of  the  exciting  arrangement  is 
negative.  In  the  above  case  of  glass  and  silk,  the  former  is  positive,  and 
the  latter  negative : and  in  the  case  of  sealing-wax  rubbed  by  flannel, 
the  wax  is  negative,  and  the  rubber  acquires  a positive  state. 

4.  That  this  is  so,  may  be  further  shown  as  follows : render  the 
feather  positive  by  the  contact  of  the  excited  glass;  then  approach  it  with 
the  excited  flannel,  and  it  will  be  found  to  be  repulsive  of  the  flannel ; 
that  is,  to  possess  a similar  electrical  state. 

5.  Electrize  the  feather  with  the  excited  wax,  which  will  render 
it  negative,  and  then  approach  it  with  the  excited  silk ; the  silk  will 
continue  to  repel  the  feather,  and  hence  is  similarly  electrized,  or 
negative. 

Delicate  instruments  show  us,  that  in  almost  all  cases  of  friction, 
under  the  precautions  above  described,  bodies  become  electrically  excited : 
and  that  the  same  body  may  become  either  positive  or  negative,  according 
to  the  circumstances  under  which  it  is  excited.  Smooth  glass,  for 
instance,  becomes  positive  when  rubbed  with  a piece  of  woollen  cloth,  but 
rough  glass  rubbed  in  the  same  way  becomes  negative ; and  sealing-wax, 
wLich  becomes  negative  when  rubbed  by  flannel,  becomes  positive  when 
rubbed  against  tin-foil  or  mercury.  A cat's  back  is  said  always  to  exhibit 
positive  electricity ; but  it  is  probable  that  no  peculiar  kind  of  electricity 
is  inherent  in  any  one  body:  it  will  even  vary  with  the  mechanical  state 
of  the  surface  and  the  mode  of  friction ; so  polished  glass  becomes 
positive  when  rubbed  upon  silk,  but  rough  glass  becomes  negative ; both 
become  negative  against  a cat's  back;  and  when  similar  substances  are 
rubbed  together,  that,  the  friction  of  which  is  limited  to  the  least  extent 
of  surface,  is  usually  negative : thus,  when  two  similar  silk  ribands 
are  excited  by  drawing  the  one  lengthways  over  the  other,  that  which 
has  suffered  friction  on  its  own  length  becomes  positive,  and  the 
other  negative.  The  following  table,  chiefly  from  the  experiments  of 
Cavallo,  further  illustrates  these  effects.  (Singer's  Elements  of  Elec- 
tricity, p.  33.) 


Becomes 

The  back  of  a cat .. 

..  Positive 

Smooth  glass 

..  Positive 

Rough  glass  

. Positive 

Negative 

Tourmaline  

..  Positive 

Neg-ative 

Ilare’s-skin  

. Positive 

by  friction  with 
Every  substance  tried. 

Everything  except  cat-skin. 

Dry  oiled  silk,  sulphur  metals. 

Wools,  quills,  wood,  paper,  sealing-wax, 
white-wax,  common  silk ; the  hand. 
Amber;  air  from  bellows. 

Diamonds ; the  hand. 

Metals,  silk,  leather,  hand,  paper,  baked 
wood. 

Other  finer  furs. 


Negative 
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Becomes 

by  friction  with 

White  silk 

Black  silk,  metals,  black  cloth. 

Negative 

Paper,  hand,  hair,  weasel’s  skin. 

Black  silk  

Positive  

Sealing-wax. 

Negative 

Hare,  weasel,  and  ferret  fur ; brass, 

silver,  iron,  hand,  Avhite  silk. 

Sealing-wax  

Positive  

Some  metals. 

Negative 

Hare,  weasel,  and  ferret  fur,  hand. 

leather,  woollen  cloth,  paper,  some 
metals. 

Baked  Avood  

Positive  

....  Silk. 

Negative 

....  Flannel. 

In  regard  to  the  above  table,  Singer  observes  that  iron,  lead,  and 
bismuth,  render  sealing-wax  negative,  the  other  metals  positive;  but  the 
least  difference  in  the  condition  of  the  materials  occasions  varieties  in  the 
result:  with  the  same  rubber  (an  iron  chain)  positive  electricity  may  be 
excited  in  one  stick  of  wax,  and  negative  in  another,  if  the  former  he 
scratched  and  the  latter  smooth.  jT^pinus  also  found  that  two  pieces  of 
plate-glass,  when  rubbed  on  each  other,  were  electrical  when  separated; 
but  that  although  one  was  always  positive  and  the  other  negative,  the 
same  plate  sometimes  exhibited  the  one,  and  sometimes  the  other 
electricity. 

In  the  following  list,  the  substances  become  positive  with  those  which 
follow,  but  negative  with  those  which  precede  each  other ; viz.,  oxalate 
of  lime,  fur,  smooth  glass,  woollen  cloth,  feathers,  paper,  silk,  gum-lac, 
rough  glass. 

§ 2.  Electrical  Conductors  and  Non-Conductors. 

There  are  some  substances  which,  when  examined  by  the  above- 
described  methods,  are  not  observed  to  become  electrical.  If  w’e,  for 
instance,  rub  a cylinder  of  meial  with  flannel  or  silk,  it  is  perfectly  inert 
when  brought  near  the  feather:  but  the  exception  here  is  apparent  only; 
the  substances  previously  used,  such  as  glass  and  sealing-wax,  are  non- 
concluciors  of  electricity ; that  is,  they  receive  and  retain  it  upon  the 
excited  surface  only ; but  a bar  of  metal  is  a conductor^  and  when  elec- 
tricity is  produced  upon  it  by  friction,  it  immediately  spreads  over  its 
whole  surface,  and  is  carried  off,  as  it  were,  by  the  hand,  to  the  earth  and 
all  surrounding  conductors.  To  show  that  the  metal  is  actually  excited 
in  the  same  way  as  glass,  attach  it  to  some  non-conductor:  for  instance, 
attach  a cylinder  or  plate  of  brass  to  a stick  of  sealing-wax,  w'hich  may 
serve  as  its  handle;  then  rub  the  brass  against  a dry  and  warm  flannel, 
and,  taking  care  not  to  touch  any  part  of  it  with  the  hand,  bring  it  near 
the  feather,  which  will  be  attracted,  and  then  repelled,  precisely  as  by 
the  glass  and  wax.  In  these  cases  the  metals  usually  acquire  negative 
electricity. 

AVe  now,  then,  can  understand  the  division  of  bodies  into  conduclors 
and  non-conduclors.  There  are  also  a set  of  bodies  intermediate  between 
the  above  extremes,  which  are  called  imperfect  conductors.  The  non- 
conductors, readily  exhibiting  their  electricity  by  friction,  are  often  called 
electrics^  in  opposition  to  the  metals  and  other  good  conductors,  which 
are  called  non-electrics.  The  electrics,  from  their  power  of  preventing 
the  passage  or  transfer  and  escape  of  electricity,  are  also  sometimes 
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termed  msulators.  Thus,  a brass  rod  mounted  upon  a stem  or  foot  of 
glass  or  sealing-wax,  or  a wire  suspended  by  silk  thread,  is  said  to  be  an 
insulated  conductor.  The  insulators  have  also,  in  reference  to  other  pro- 
perties which  they  possess,  and  which  will  presently  be  adverted  to, 
been  termed  dielectrics. 

The  metals  are  by  far  the  most  perfect  conductors;  next  to  them 
come  well-burned  charcoal  and  plumbago;  then  some  of  the  concentrated 
acids,  and  strong  saline  solutions.  Water,  rarefied  air,  vapors,  and  many 
stony  bodies  and  metallic  ores,  are  imperfect  conductors.  Shell-lac  is  one 
of  the  most  perfect  non-conductors,  and  an  excellent  substance  to  use 
wherever  good  insulation  is  required*.  Sulphur  and  wax  are  also  non- 
conductors; and  so  is  glass,  which,  though  in  this  respect  much  inferior 
to  some  other  substances,  is,  from  the  convenience  of  its  application,  the 
usual  insulator  employed  in  all  common  electrical  apparatus.  Raw  and 
bleached  silk  stands  high  upon  the  list  of  non-conducting  substances;  but 
dyed  silk  is  often  a partial  conductor,  in  consequence  of  the  substances 
used  to  color  it : hence,  in  the  above  experiments,  we  have  advised  white 
silk  for  the  suspension  and  insulation  of  the  feather.  It  is  also  stated  by 
Henley,  that  black  hair  conducts  better  than  white  {Phil.  Trans..,  ^776), 
as  illustrated  in  the  case  of  a bullock  struck  by  lightning.  Dry  air,  and 
baked  wood,  are  non-conductors.  There  is  a gradual  transition  in  bodies 
from  what  are  termed  perfect  conductors,  to  perfect  non-conductors ; the 
following  list  exhibits  the  principal  of  these  ; — 

Conductors.  Imperfect  Conductors.  Non-Conductors. 


Metals 
Charcoal 
Plumbago 
Fused  chlorides 

iodides 

salts 

Strong  acids 
alkaline  solutions. 


Water 
Damp  wood 
Alcohol 
Damp  air 
Some  oils 
Vegetable  and 
animal  bodies 
generally. 


Spermaceti 

Glass 

Sulphur 

Fixed  oils 

Resins 

Ice 

Diamond 
Shell-lac 
Oxalate  of  lime 
Dry  gases  and  air. 


There  is  no  constant  relation  between  the  states  of  bodies  and  their 
conducting  powers.  Among  solids.,  for  instance,  metals  are  conductors; 
resins  non-conductors;  among  liquids,  strong  alkaline  and  acid  solutions 
are  good  conductors;  water  is  a very  imperfect  conductor;  many  oils  are 
non-conductors.  Potassa,  protoxide  of  lead,  chloride  of  sodium,  iodide 
of  zinc,  many  salts,  and  other  bodies,  are  non-conductors  in  their  solid 
state,  but  conduct  when  liquified  by  heat.  Sulphur,  phosphorus,  resins, 
iodide  of  sulphur,  and  several  other  solid  bodies,  do  not,  on  the  contrary, 
acquire  eonducting  power  on  assuming  the  liquid  state.  (Farada.y,  Expe- 
rimental Researches,  §394,  &c.)  Glass,  when  cold,  is  a non-conductor; 
but  when  red-hot,  it  is  a conductor:  carbon,  in  the  form  of  the  diamond 


* According  to  Erman  (Gtlb.  Alww.,  xi., 
143),  a thread  of  gum-lac  insulates  ten 
times  as  well  as  silk.  A needle  of  sealing- 
wax  remains  for  some  days  excited.  A 
capillary  bore  lessens  the  insulating  power 
Of  glass.  The  dissipation  of  electricity  by 


the  atmosphere  is  nearly  in  the  triplicate 
ratio  of  its  moisture.  It  is  also  stated,  that 
an  electric  jar  is  discharged  if  put  into  a 
vibratory  state,  as  by  sounding  it  like  a 
harmonica. 
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is  a non-conductor  : but  pure  and  well-burned  charcoal,  which  is  merely 
another  form  of  carbon,  is  among  the  best  non-metallic  conductors*. 

We  may  form  some  idea  of  the  retardation  which  electricity  sulfers 
in  passing  through  imperfect  conductors,  from  the  statement  of  Mr. 
Cavendish  {Phil.  Trans..,  1776))  according  to  whom,  iron-wire  conducts 
400  million  times  better  than  pure  water ; sea-water  (with  one-thirtieth 
of  salt),  100  times  better;  and  a saturated  solution  of  salt,  700  times 
better. 

The  enormous  rapidity  of  the  progress,  or  supposed  progress  of  the 
electric  fluid  through  long  trains  of  conductors,  was  first  experimented 
upon  by  Watson  {Phil.  Trans..,  1748):  he  could  observe  no  perceptible 
time  occupied  in  its  passage  through  a circuit  of  12,276  feet.  This 
curious  subject  has  also  been  investigated  by  Wheatstone  {Phil.  Trans.., 
1834,  p.  583),  according  to  whom,  electricity  moves  through  a copper 
wire,  with  the  velocity  of  400  feet  in  the  ten-thousandth  part  of  a 
second;  or,  through  4 million  feet  in  a second.  This  is  a velocity  ex- 
ceeding even  that  of  light  through  space : he  also  found  that  the  shock 
of  a Leyden  jar  is  transmitted  from  each  end  of  an  interposed  wire,  and 
arrives  latest  at  the  centre.  To  this  subject  we  shall  afterwards  recur 
in  referring  to  the  conducting  powers  of  the  metals,  in  regard  to  voltaic 
electricity. 


§ 3.  Electroscopes  and  Electrometers. 

Electroscopes  and  electrometers  are  instruments  by  which  changes  in 
the  electrical  states  of  bodies  are  rendered  evident,  and  their  intensities 
measured. 

One  of  the  simplest  of  these  (fig.  125)  consists  of  two  small  pith- 
balls,  suspended  by  very  fine  thread  or 
silver-wire  to  the  end  of  a small  and  well- 
insulated  conductor:  when  this  receives 
electricity,  the  balls  diverge,  and  the  nature 
of  the  electricity  by  which  they  are  diverged 
may  be  judged  of,  by  approaching  the  con- 
ductor with  a piece  of  excited  sealing-wax: 
if  the  divergence  ificreases,  it  is  the  same 
as  that  of  the  wa'x  or  negative;  if  it  diminishes.,  it  is  opposite  to  that  of 
the  wax,  or  positive. 

Where  a more  delicate  test  of  the  presence  of  elec- 
tricity is  required,  we  substitute  for  the  pith-balls  two 
small  slips  of  gold-leaf;  and  as  these  are  apt  to  be  de- 
ranged by  the  slightest  motion  of  the  air,  it  is  necessary 
to  enclose  them  in  a glass  cylinder,  sufficiently  capacious 
to  allow  of  their  divergence.  They  are  connected  with 
the  brass  cap  of  the  instrument,  which  is  used  in  the 
same  way  as  the  preceding.  This  is  commonly  called 
Bennel’s  gold-leaf  electrometer. 


125 


* It  will  appear  hereafter  that  all  sub-, 
stances  may  conduct  electricity,  and  that 
the  terms  conduction  and  non-conduc- 
tion therefore  are  so  far  incorrect;  in  em- 


ploying them  as  above  we  refer  to  their 
common  acceptation.  See,  in  reference  to 
this  subject,  Faraday’s  Experimental 
Rcsearchey,  § 1320  and  1320. 
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The  delicacy  of  tlie  gold-leaf  electrometer  is  increased  by  an  im- 
provement in  the  insulation  of  the  leaves,  which  we  owe  to  the  late  Mr. 
Singer.  The  instrument  is  constructed,  as  usual,  with  a glass  cylinder 
surmounted  by  a brass  cap,  but  the  insulation  is  made  to  depend  upon 
a glass  tube,  about  four  inches  long,  and  one -fourth  of  an  inch  internal 
diameter,  covered  both  on  the  inside  and  outside  with  sealing-wax  or 

lac  varnish,  and  having  a brass  wire  of  a sixteenth  or 
twelfth  of  an  inch  thick,  and  five  inches  long,  passing 
through  its  axis,  so  as  to  be  perfectly  free  from  con- 
tact with  any  part  of  the  tube,  in  the  middle  of 
which  it  is  fixed  by  a plug  of  silk,  which  keeps  it 
concentric  with  the  internal  diameter  of  the  tube. 
a is  a brass  cap  screwed  upon  the  upper  part  of  this 
wire;  it  serves  to  limit  the  atmosphere  from  free 
contact  with  the  outside  of  the  tube,  and  also  defends 
its  inside  from  dust ; to  the  lower  part  of  the  wire 
the  gold-leaves  are  attached,  and  the  whole  mounted 
as  usual,  as  represented,  in  section,  by  fig.  127. 
When  a gold-leaf  electrometer  is  to  be  employed  in  atmospherical 
investigations,  the  contrivance  described  by  Mr.  Ronalds  [Quart.  Journ,., 
ii.  249,)  may  be  conveniently  applied  to  it. 

The  hind  of  electricity  by  which  the  gold  leaves  are  diverged  may  be 
judged  of,  as  before,  by  approaching  the  cap  of  the  instrument  with  a 
stick  of  excited  sealing-wax : if  it  be  negative.,  the  divergence  will  in- 
crease ; if  positive.,  the  leaves  will  collapse ; upon  the  principle  of  the 
mutual  annihilation  of  the  opposite  electricities ; or  that  bodies  similarly 
electrified  repel  each  other,  but  that  when  dissimilarly  electrified  they 
become  mutually  attractive. 

To  ascertain  the  actual  repulsive  and  attractive  powers  appertaining 
to  weakly-electrified  bodies,  Coulomb  availed  himself  of  the  principle  of 
torsion,  and  thus  constructed  his  electrical  balance.  It  consists  of  a fine 

metallic  wire,  «,  fig.  128,  one  end  of  which  is  attached 
to  the  screw  5,  and  to  the  other  is  suspended  the  hori- 
zontal needle  c,  composed  of  gum-lac  or  other  non- 
conductor, and  armed  at  one  extremity  with  a gilt 
pith-ball,  counterpoised  at  the  other  end  by  an  index. 
The  conductor  c?  is  a small  wire  with  a ball  at 
each  end,  passing  through  the  glass  receiver  in  which 
the  needle  is  suspended,  and  having  its  lower  ball 
opposed  to  that  of  the  needle.  By  the  screw  5,  the 
two  balls  are  brought  into  contact,  and  the  index 
then  points  to  O'^,  on  the  divided  scale  of  degrees. 
On  communicating  a very  feeble  electrical  power  to 
the  conductor,  it  transfers  it  to  the  moveable  pith- 
ball,  and  repels  it  a certain  number  of  degrees,  pro- 
; portional  to  the  intensity  of  the  acquired  electricity, 
and  measured  by  the  power  of  torsion  which  it  exerts 
upon  the  fine  wire.  By  experiments  made  with  this  electrometer,  it 
would  appear  that  the  electrical  powers  follow  the  law  of  gravitation, 
in  being  in  the  inverse  ratio  of  the  squares  of  the  distances  of  the 
acting  bodies.  In  the  most  delicate  construction  of  the  instrument,  a 
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single  silk- worm’s  thread  or  a filament  of  spun  glass  is  used  instead  of 
the  Avire. 

By  means  of  the  gold-leaf  electrometer,  constructed  as  above,  Ave  dis- 
cover the  existence  of  very  slight  states  of  electrical  excitation,  Avhich 
elude  all  common  methods  of  detection.  If  the  cap  of  the  instrument  be 
gently  struck  Avith  a silk  handkerchief,  a poAverful  divergence  may  be 
given  to  the  leaves,  resulting  from  the  friction  of  the  metal  and  silk ; if 
blown  upon  by  a pair  of  belloAvs,  electrical  excitation  is  also  indicated, 
depending  probably  upon  the  friction  of  the  air  upon  the  metal ; and  it 
AA’ill  be  found  in  the  sequel,  that  Ave  conveniently  avail  ourselves  of  this 
instrument  to  detect  the  evolution  of  electricity  in  a variety  of  other 
cases. 

To  determine  the  kind  of  electricity  by  which  the  leaves  are  repelled, 
Ave  approach  them,  as  before  directed,  either  with  an  excited  stick  of 
sealing-Avax,  or  a glass  rod;  if  the  divergence  is  increased  by  the  former, 
it  is  negative;  if  diminished,  positive  ; if  increased  by  the  glass,  it  is 
positive;  if  diminished,  negative.  In  consequence  of  the  laAV  of  excita- 
tion by  induction  (see  the  next  section)  it  is  some- 
times supposed  that  this  method  of  merely  approx- 
imating the  instrument,  instead  of  actually  touching 
it  by  the  excited  wax  or  glass,  might  lead  to  erro- 
neous conclusions ; but  if  Ave  examine  a little  more 
particularly  into  the  state  of  things,  we  shall  find 
that,  consistently  Avith  that  law,  electro  polarity  will 
be  produced,  and  that  consequently,  the  gold  leaves 
will  acquire  the  same  electricity  as  that  of  the  wax 
or  glass,  although  the  surface  of  the  brass  plate  or 
cap  of  the  instrument,  immediately  opposed  to  the 
wax  or  glass,  may  be  in  an  opposite  state.  Thus,  letN 
(fig.  129)  represent  a piece  of  excited  Avax,  negative; 
then  p the  cap  of  the  electrometer,  Avill  be  positive  ; and  N the  gold  leaves, 
negative^  that  is,  similarly  electrified  to  the  wax.  The  phenomena  thus 
exhibited  by  this  electrometer,  are  explained  as  folloAvs  by  those  wLo 
advocate  the  existence  of  tAvo  electric  fluids.  “ When  an  excited  rod  is 
brought  over  the  electroscope,  it  separates  the  electricities  of  the  metallic 
portions  of  the  instrument,  attracting  the  opposite  to  the  upper  surface  of 
the  cap,  and  repelling  that  of  the  same  name  into  the  gold  leaves,  which 
being  thus  excited  by  the  same  electricity,  repel  each  other  and  hence 
diverge.  If  the  exciting  body  be  it  is  the  -j-  fluid  by  which  the 
instrument  appears  affected ; if  it  be  — the  leaves  diverge  from  the 
presence  of  ~ electricity.  Hence,  if  when  it  is  under  the  influence  of  a 
glass  rod  rubbed  Avith  silk,  a stick  of  sealing-wax  rubbed  with  flannel  be 
brought  near,  the  divergence  diminishes  until  at  last  the  leaves  collapse  ; 
the  resin  having  driven  down  as  much  negative  electricity  as  there  had 
been  positive  brought  into  action  by  the  glass ; hence  the  gold  leaves 
come  into  their  natural  and  indifferent  condition.”  (Kane.) 

§ 4.  Induced  Electricity. 

We  have  laid  it  down  as  a general  rule,  that  no  electrical  attractions 
exist,  except  betAveen  bodies  in  opposite  or  dissimilar  electrical  states  ; 
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and  have  shown  that  when  any  electrified  body,  such,  for  instance,  as  an 
excited  stick  of  sealing-wax,  is  brought  near  other  non-electrified  bodies, 
they  have  a tendency  to  mutual  attraction.  This  tendency  exists  among 
all  surrounding  substances ; hut  such,  of  course,  only,  as  have  freedom  of 
motion  are  observed  to  move  towards  the  excited  electric  : such  as  the 
suspended  feathers,  particles  of  dust,  and  other  light  and  moveable  bodies. 
Now,  as  these  are  atlracled  by  the  electrified  body,  it  follows  that  they 
must  previously  he  thrown  into  an  opposite  electric  state,  by  the  mere 
proximity  of  the  excited  electric ; and  this  is  really  the  case : whenever 
an  electrified  body  is  brought  near  to  another  in  an  un-electrified  state, 
that  part  or  surface  of  the  latter  which  is  opposed  to  the  former,  becomes 
oppositely  electrical,  and  is  consequently  attracted  by  it. 

Electricity  is  thus  said  to  be  induced  in  the  surrounding  bodies  by 
the  vicinity  of  any  excited  electric : so,  when  a highly-electric  cloud 
hovers  over  the  earth,  that  portion  of  the  earth’s  surface  opposed  to  the 
cloud,  becomes  in  an  oppositely  electrical  state,  and  consequently  attractive 
of  the  cloud;  thus,  during  a thunder-storm,  we  often  see  an  electric  cloud 
perch  upon  the  summit  of  a hill,  and  remain  there  till  it  has  discharged 
its  electricity,  when  it  is  wafted  quietly  away. 

Electricity  by  induction  presents  many  curious  phenomena,  which  may 
here  be  stated  generally,  and  more  particularly  explained  afterwards, 
when  induction  through  glass  and  other  substances  will  be  adverted  to. 
The  term  dielectric  has  been  applied  to  the  air  or  other  medium  through 
which  induction  takes  place,  and  it  will  be  found  that  different  dielectrics 
differ  considerably  in  their  respective,  inductive  capacities:  thus  sulphur, 
lac,  glass,  and  spermaceti  have  much  higher  inductive  capacities  than  air. 

We  have  already  said,  that  when  an  electrified  body  approaches  another 
which  is  in  its  ordinary  state,  the  surface  of  the  latter  opposed  to  the 
electrified  body  acquires  an  opposite  state;  this  opposite  electrical  state, 
however,  only  belongs  to  the  opposed  surface;  for  the  other  side  or  end  of  the 
body,  though  also  electric,  is,  (as  in  the  case  of  the  gold  leaves  of  the  elec- 
trometer represented  in  the  preceding  page,)  dissimilarly  so.  This  statement 
may  be  rendered  more  intelligible  by  the  following  diagram : Let  u,  fig.  130, 
represent  a brass  needle  freely  moving  upon  its  centre,  which  is  supported 
upon  a glass  foot,  b,  a conductor,  positively  electrified,  and  within  a 
few  inches  of  the  pith-ball  c attached  to  one  of  the  points  of  the  needle. 
We  shall  now  observe  that  c is  attracted  by  6,  and  may  therefore  infer 
that  it  is  a negative;  and  that  this  is  really  the  case  may  be  shown  by 

bringing  near  to  the  ball  c,  a stick 
of  excited  sealing-wax,  by  which 
it  will  be  repelled.  But  if  we  now 
bring  the  sealing-wax  towards  the 
ball  d,  it  will  be  attracted  by  it: 
here,  then,  by  the  proximity  of  the 
conductor  6,  we  have  induced  in 
the  needle  a an  electro-polar  state; 
b being  positive,  c is  negative,  d 
positive.  To  explain  this  further 
by  the  help  of  our  hypothesis:  let  us  suppose  the  natural  or  quiescent 
electricity  of  a to  be  disturbed  by  the  presence  of  6,  which  causes  a por- 
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tion  of  it  to  be  repelled  or  driven  from  c to  d.  The  end  c,  therefore,  is 
negative  or  mijius,  that  is,  it  has  less  than  its  natural  portion  of  electri- 
city; and  d is  positive^  or  plus^  because  in  it  electricity  is  accumiilaied ; in 
the  centre  a there  will  be  a neutral  point,  in  which  no  electricity  is  mani- 
fest. The  state  of  the  needle,  therefore,  is  such,  that  negative  electricity 
is  accumulated  at  c and  positive  at  c?,  and  that  they  each  gradually 
decrease  towards  the  centre  a.  On  the  removal  of  the  disturbing  body 
6,  the  needle  reverts  to  its  ordinary  state ; or,  in  other  words,  the  elec- 
trical equilibrium  is  restored. 

The  polar  arrangement  thus  caused  by  induced  electricity,  may  be 
carried  to  any  extent:  thus,  suppose  a in  the  following  diagram,  fig.  131, 
to  represent  a body  negatively  electrified,  b would  become  positive,  c 
negative,  d positive,  e negative,  and  so  on,  through  any  extent  of  con- 
ductors, the  last  being  in  communication  with  the  earth.  Thus  the  feather 
attached  to  the  insulated  conductor  at  5,  is  attracted  towards  a^  and  the 
feather  c attracted  by  d;  these  feathers  and  surfaces  being  respectively 
in  oppositely  electrical  states. 


These  illustrations  will  suffice  to  explain  the  meaning  of  the  term 
induction^  or  induced  electricity,  without  a knowledge  of  which  many  of 
the  electric  phenomena  we  are  about  to  advert  to,  would  be  unintelligible : 
we  shall  afterwards  find  that  it  presents  some  very  extraordinary  conse- 
quences in  reference  to  the  distribution  and  accumulation  of  electricity, 
and  the  disturbance  of  the  electrical  equilibrium. 

The  actual  electro-polar  state  of  a conductor  under  Induction  is  well 
shown  as  follows:  place  two  gold-leaf  electrometers  about  18  inches  apart, 
and  connect  their  caps  by  an  insulated  wire  lying  across  them;  then 
approach  one  of  them  with  an  excited  glass  tube,  which  will  cause  both 
to  diverge ; whilst  they  are  in  this  diverged  state,  lift  off  (by  a silk  thread 
or  insulating  handle)  the  intermediate  ware,  and  at  the  same  time  remove 
the  inducing  tube,  and  each  electrometer  will  retain  its  divergence:  on 
examining  that  which  was  nearest  to  the  excited  glass  tube  it  will  be  found 
negative.)  and  that  which  was  at  the  other  extremity  of  the  wire  will  be 
positive;  if  we  now,  by  means  of  a wire  with  an  insulated  handle,  recon- 
nect the  two  caps,  both  electrometers  will  collapse,  and  lose  all  signs  of 
electricity,  showing  that  the  negative  and  positive  states  were  co-equal : 
a piece  of  wire  with  a handle  of  gum-lac  is  a convenient  connector  for 
the  electrometers. 

AYhen  in  these  experiments,  the  conductor  electrified  by  induction  is 
insulated  (as  it  must  be  to  exhibit  its  polar  state),  the  accumulation  of 
either  electricity  is  of  course  feeble,  being,  according  to  the  hypothesis  of 
two  fluids,  limited  to  the  decomposition  of  the  quantity  of  neutral  elec- 
tricity contained  in  it;  but  if  one  end  of  the  conductor  be  connected  with 
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the  ground,  the  supply  is  comparatively  unlimited:  this  may  be  well  shown 
by  presenting  the  knuckle  or  a brass  ball  held  in  the  hand  to  the  prime 
conductor  of  the  electrical  machine;  the  opposed  surface  becomes  oppo- 
sitely electrical  by  induction,  and  a succession  of  sparks  pass ; but  if  the 
person  be  insulated,  the  induction  is  limited,  as  in  the  insulated  conductor, 
and  only  two  or  three  sparks  are  observed  to  pass.  This  passage  of  sparks, 
which  ensues  freely  through  the  intervening  stratum  of  air  when  an  unin- 
sulated conductor  is  held  near  a charged  conductor,  is  in  all  cases  the 
indication  of  the  mutual  annihilation  of  the  oppositely  electrical  states 
previously  established  by  induction.  If  the  charged  conductor  be  positive, 
it  attracts  an  indefinite  quantity  of  negative  electricity  towards  itself,  and 
repels  a proportionate  or  similar  quantity  of  the  positive  fluid : these 
opposite  charges  of  the  opposite  surfaces  are  maintained  till  they  acquire 
sufficient  intensity  to  upset  that  peculiar  condition  of  the  intervening 
particles  of  air  upon  which  induction  depends,  and  then  the  opposed 
electricities  combine,  giving  rise  to  the  spark,  or  disruptive  discharge,  as 
will  be  more  fully  explained  in  the  ensuing  section. 

The  following  experiments  on  induction  are  well  adapted  to  class  illus- 
tration. Provide  two  hollow  metal  hemi- 
spheres, or  wooden  ones  covered  with  tin-foil, 
each  mounted  upon  a varnished  glass  stem 
standing  on  a wooden  foot  (fig.  132),  so 
that  when  placed  together  they  may  form 
the  insulated  sphere  (fig.  133).  Having 
thus  placed  them,  approach  them  with  an 
excited  glass  rod,  and  then  remove  it.  On 
examining  them  by  a gold-leaf  electro- 
meter, they  will  be  found  perfectly  un- 
electrified. Repeat  the  approach  of  the 
excited  glass  rod,  and  whilst  it  is  retained 
in  its  situation,  separate  the  hemispheres 
by  the  removal  of  one  of  them  by  means  of  the  wooden  foot,  taking 
care  that  they  remain  insulated,  and  immediately  withdraw  the  excited 
rod.  It  will  then  be  found  (by  the  help  of  the  electrometer)  that  each 
hemisphere  is  in  an  oppositely  electrical  state  as  represented  by  the  letters 
N and  p. 

If  whilst  the  insulated  sphere  (fig.  133)  is  rendered  temporarily  elec- 
trical by  induction,  it  he  touched  for  a moment  by  the  finger,  it  will  be 
found  on  first  removing  the  finger,  and  immediately  afterwards,  the 
inducing  excited  tube,  that  the  globe  now  retains  a negative  charge,  and 
will  even  give  a spark,  the  positive  electricity  having  been  carried  away 
by  the  hand,  and  not  able,  therefore,  to  return,  so  as  to  reproduce  the 
neutral  state. 

On  this  principle  we  readily  give  a permanent  positive  charge  to  the 
leaves  of  the  electrometer,  by  a negatively  excited  stick  of  lac.  If  the 
excited  lac  be  merely  brought  near  to  the  insulated  cap  and  leaves,  the 
electro -polar  state  of  the  conductor  gives  a negative  divergence  to  the 
leaves,  entirely  dependent  on  induction,  and  ceasing  on  the  removal  of 
the  lac,  as  already  explained : but  if  we  bring  the  excited  lac  near  the 
cap  of  the  instrument  (fig.  129),  and  whilst  the  leaves  are  in  this  electro- 
polar  state  of  negative  divergence,  touch  the  cap  p,  we  immediately 
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destroy  the  local  polarity  of  the  cap  and  leaves,  and  render  them  positive 
throughout,  and  then,  on  removing  the  finger  from  the  cap,  and  at  the 
same  time  withdrawing  the  excited  lac,  a permanent  positive  charge 
remains  in  the  leaves-  If  we  substitute  excited  glass  for  lac,  the  pheno- 
mena are  inverted,  and  the  divergence  is  that  of  yiegative  electricity. 

The  subject  of  induction  has  been  acutely  studied  by  Faraday. 
(Researches,  Series  xi.)  Before  his  researches  the  phenomena  were 
presumed  to  depend  upon  an  action  taking  place  in  straight  lines  through 
non-conducting  media,  the  particles  of  the  medium  not  being  themselves 
affected;  whereas  it  w'ould  appear  from  his  investigations,  that  “ induc- 
tion is  in  all  cases  an  action  of  contiguous  particles,  consisting  in  a species 
of  polarity,  instead  of  being  an  action  of  either  particles  or  masses  at 
sensible  distances;”  that  it  may  he  propagated  not  only  in  straight  but  in 
curved  lines.  Faraday’s  views  upon  this  question  have  been  so  clearly 
abridged  and  illustrated  by  Daniell,  that  I have  availed  myself  of  the 
following  quotation  and  diagrams  from  his  Introduction,  in  further  illus- 
tration of  this  subject. 

“We  have  seen  that  one  electric  force  cannot  he  produced  without  an 
exactly  equal  developement  of  the  other;  and  upon  more  attentive  exa- 
mination we  shall  find  that  no  kind  of  matter,  either  conducting  or  non- 
conducting, is  capable  of  receiving  a charge  in  any  way  of  one  kind  of 
electricity  independently  of  the  other,  or  without  calling  forth  an  equal 
amount  of  the  opposite  force  in  adjacent  bodies.  It  was  formerly  sup- 
posed that  the  electric  fluid  was  confined  to  the  surfaces  of  bodies  by  the 
mechanical  pressure  of  the  non-conducting  air,  in  the  midst  of  which  all 
our  experiments  are  carried  on;  hut  the  fact  is,  that  the  electric  force 
originating  or  appearing  at  a certain  place,  is  propagated  to,  or  sustained 
at  a distance,  through  the  intervention  of  the  contiguous  particles  of  the 
air,  each  of  which  becomes  polarized  as  in  the  case  of  insulated  conduct- 
ing masses,  and  appears  in  the  inducteous  body  as  a force  of  the  same 
kind  exactly  equal  in  amount,  hut  opposite  in  its  direction  and  ten- 
dencies. 

“Such  a forced  arrangement  of  the  molecules  cannot  he  made  to  appear 
to  the  eye  in  the  case  of  the  air,  hut  is  established  by  the  most  perfect 
inductive  reasoning ; and  a similar  disposition  may  actually  be  exhibited 
by  substituting  a liquid  non-conductor  for  the  air  under  similar  circum- 
stances. If  we  take  a tall,  Avide-mouthed  glass-vessel,  and  place  it  upon 
the  prime  conductor  of  the  electrical  machine,  taking  care  that  there  may 
he  a good  metallic  communication  through  its  bottom,  and  then  fill  it 
with  spirit  of  turpentine  containing  some  threads  of  Avhite  silk  about  one- 
eighth  of  an  inch  in  length  disseminated  through  it,  they  will  he  little 
affected  upon  turning  the  machine  till  a metallic  conductor  is  held  near 
the  surface  of  the  liquid.  Upon  presenting,  how^ever,  such  a body,  they 
will  immediately  erect  themselves,  and  collecting  from  all  parts,  will 
attach  themselves  to  each  other  end  to  end,  and  form  a continuous  chain 
from  the  conductor  to  the  exterior  metal,  towards  which  they  will  always 
incline  as  it  is  moved  in  different  directions.  These  particles  will  adhere 
together  Avith  considerable  force,  as  may  he  felt  by  touching  them  Avith  a 
rod  of  glass;  but  the  moment  the  conductor  is  discharged,  they  fall  upon 
their  sides,  and  sink  to  the  bottom. 

“Noav  these  solid  threads  of  silk  accurately  represent  the  fluid  particles 
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of  the  spirit  in  which  they  float,  or  of  the  air  which  is  interposed  between 
a charged  conductor  and  surrounding  bodies,  and  obviously  assume  a 
polar  state  exactly  resembling  that  of  insulated  conductors  in  similar  cir- 
cumstances*. If,  instead  of  silk  threads,  we  occasion  particles  of  gold- 
leaf  to  float  in  the  spirit  of  turpentine,  the  resemblance  will  be  perfect ; 
for,  on  approaching  them  with  a rod  of  metal,  when  the  conductor  is 


* “In  the  annexed  diagram  let  a repre* 
sent  an  insulated  electrified  ball  placed 
within  an  insulated  metallic  sphere,  abed, 
filled  with  a non-conducting  medium, 
whose  particles  are  represented  by  the 
small  included  circles.  These  will  be  all 
thrown  into  a polar  state,  indicated  by  the 
shading,  resembling  the  silk  particles  in 
the  spirit  of  turpentine;  their  dissimilar 
poles  will  be  all  turned  towards  the  ball  a, 
and  in  this  way  their  combined  influence 
will  be  thrown  upon  the  metallic  sphere, 
abed,  which  will  thus  have  a force  of  the 
opposite  kind  to  that  upon  a,  developed 
upon  it,  of  exactly  equal  amount,  but  dif- 
fused over  the  larger  surface.  Strictly 
speaking,  the  sphere  itself  will  be  in  a 


polarized  state,  but  the  electricity  on  its 
other  surface,  of  the  same  name  as  that  of 
the  interior  ball,  will  be  virtually  annihi- 
lated by  being  in  metallic  communication 
with  the  indefinitely  large  surface  of  the 
earth. 

“Moreover,  the  force  distributed  upon 
abed,  the  quantity  of  which  is  just  equi- 
valent to  that  upon  a,  will  be  reduced,  at 
any  given  point,  in  intensity,  in  proportion 
to  the  square  of  the  distance  from  tne  cen- 
tre of  the  sphere. 

“ It  is  conceived  that  the  polarized  parti- 
cles are  capable  of  affecting  each  other,  not 
only  in  straight  lines  as  in  the  quadrant 
Abe,  but  in  lines  diverging  from  their 
centres,  as  shown  in  the  quadrant  a b a.” 
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charged,  they  immediately  start  on  end  as  if  endued  with  life,  assume  the 
polar  state,  attract  each  other  end  to  end,  hut  owing  to  their  perfect  con- 
duction, discharge  their  electricity  by  minute  sparks. 

“Each  polarized  particle  is  in  active  relation,  not  only  to  a line  of  par- 
ticles in  some  definite  direction  from  it,  but  to  all  those  which  are  conti- 
guous to  it.  Hence,  there  is  a lateral  diffusion  of  force,  and  the  lines  of 
inductive  action,  when  unobstructed,  tend  to  spread  as  from  a centre ; or 
may  assume  a curved  direction  when  any  obstacle  opposes  their  free 
radiation*.” 

Faraday  has  examined  the  results  of  the  influence  of  induction  through 
different  electrics,  with  a view  of  determining  their  “ specific  inductive 
capacities.”  These  experiments  will  be  noticed  further  on.  (See  § 8.) 


* “ In  consequence  of  the  lateral  action 
of  the  particles  upon  one  another,  if  b c be 
an  obstacle  interposed  in  the  course  of  the 
induction  from  x to  a b c,  d,  the  particles 
1 2 3 4 5 6 7 will  be  protected  from  the 
influence,  but  the  induction  will  affect  the 
particle  8,  by  the  bending  of  the  lines  of 
force  on  each  side  of  it. 


“ The  particles  1 2 3 4 5 6 7 themselves, 
although  here  represented  in  their  natural 
state,  will  be  affected  by  a reflex  action ; 
but  will  be  polarized  to  a much  lower  de- 
gree than  those  within  the  influence  of  the 
direct  action.’’ 
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§ 5.  Electrical  Machines. 

In  the  preceding  details  we  have  availed  ourselves  of  the  simplest 
apparatus  to  explain  the  leading  and  principal  laws  of  electrical  excitation; 
all  the  experiments  are  easily  made,  and  their  results  include  some  of  the 
most  important  facts  connected  with  the  subject,  to  which,  in  the  sequel; 
it  will  be  necessary  frequently  to  recur.  For  the  further  practical  prose- 
cution of  these  experiments,  an  electrical  machine  is  indispensable;  this, 
therefore,  we  may  now  describe. 

The  best  electrical  machine  for  experimental  purposes,  and  for  the 
general  use  of  the  student,  is  represented  in  the  following  wood-cut.  It 
is  commonly  called  Nairnes  machine.  (See  fig.  136.)  It  consists  of  a 


glass  cylinder  A,  about  10  or  12  inches  in  diameter,  and  15  to  20  inches 
in  length,  turning  between  two  upright  pillars  of  glass,  B b,  fixed  to  a 
stout  mahogany  base.  Two  smooth  metal  conductors^  equal  in  length  to 
the  cylinder,  and  about  one-third  of  its  diameter,  c c,  are  placed  parallel 
to  it  upon  the  glass  pillars  d d,  which  are  cemented  into  the  sliding 
pieces  of  wood  e,  by  which  their  distance  from  the  cylinder  may  be 
adjusted.  One  of  the  conductors  has  a cushion^  r,  attached  to  it  (by  a 
bent  metallic  spring)  nearly  as  long  as  the  cylinder,  and  about  one  inch 
or  an  inch  and  a half  wide,  to  the  upper  part  of  which  is  sewed  a flap  of 
silk,  G,  which  should  reach  from  the  cushion  over  the  upper  surface  of 
the  glass  cylinder,  to  within  about  an  inch  of  a row  of  points  attached  to 
the  side  of  the  opposite  conductor.  The  conductor  to  which  the  cushion 
is  attached  is  called  the  negative  conductor:  the  other  becoming  similarly 
electrical  to  the  glass, and  is  called  the  positive  conductor:  h is  an  adjusting 
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screw  to  regulate  the  pressure  of  the  cushion  upon  the  cylinder.  The 
motion  of  the  cylinder  is  in  the  direction  of  the  silk  flap,  and  may  be  most 
simply  communicated  by  a handle  attached  at  i,  or,  if  necessary,  by  the 
multiplying  wheel  k.  It  is  obvious,  that  in  this  form  of  the  electrical 
machine,  the  cylinder  and  the  cushion  correspond  to  the  glass  tube  and 
silk  rubber  employed  in  the  former  experiments,  and  that  all  the  pheno- 
mena appertaining  to  the  excited  tube  will  be  exhibited  by  the  cylinder  a, 
and  the  conductor  opposed  to  it,  whilst  those  of  the  excited  silk  or  rubber, 
will  belong  to  the  cushion  p,  and  to  its  conductor. 

To  put  this  electrical  machine  into  good  action,  every  part  should  be 
made  perfectly  clean  and  dry.  The  cushion  is  then  anointed  with  amal- 
gam.^ and  applied  by  a gentle  pressure  to  the  cylinder.  If  positive 
electricity  is  required,  it  may  be  received  from  the  conductor  bearing  the 
points,  that  supporting  the  cushion  being,  at  the  same  time,  uninsulated 
by  an  attached  wire,  passing  from  it  to  the  stand;  if,  on  the  contrary, 
negative  electricity  is  required,  it  may  be  obtained  from  the  insulated 
cushion  and  its  conductor,  the  other  conductor  being  uninsulated. 

The  best  amalgam  is  composed  of  one  part  of  tin  and  two  of  zinc 
melted  together,  and  mixed,  while  fluid,  with  six  parts  of  hot  mercury  in 
an  iron  mortar.  This  mixture  is  triturated  till  it  becomes  a fine  powder, 
which  is  then  formed  into  a tenacious  paste  with  hogs’  lard. 

Another  form  of  the 
electrical  machine,  usually 
called  the  plate  machine.^ 
consists  of  a circular  glass 
plate  A (fig.  137),  mounted 
upon  an  axis,  and  rubbed 
by  two  pairs  of  cushions, 
as  shown  at  bb.  The  brass 
conductor  c has  its  points 
opposed  to  the  plate,  and  is 
insulated  by  the  glass  stem 
D:  EE  are  double  pieces  of 
oil-silk  passing  from  the 
cushions  to  near  the  points. 

The  whole  is  supported  by 
a stout  mahogany  frame, 
and  motion  is  given  to  the 
plate  by  the  winch  f. 

These  electrical  ma- 
chines have  considerable 
power ; they  are  easily 
cleaned  and  excited,  and  are  more  portable  than  the  cylinders;  but  as 
they  cannot  be  conveniently  insulated,  the  negative  electrical  power  can- 
not be  so  well  exhibited;  for  the  general  purposes  therefore  of  experimental 
illustration,  the  former  machines  are  preferable. 

AVhen  either  of  these  electrical  machines  have  been  for:  some  time  out 
of  use,  they  require  to  be  thoroughly  cleaned:  for  this  purpose,  the  con- 
ductors and  cushions  must  be  removed,  and  the  cylinder  or  plate  cleansed 
with  a little  whiting  and  spirit  of  wine ; it  must  then  be  wiped  perfectly 
dry  with  a clean,  warm,  and  soft  cloth.  It  is  a common  custom  to  set  the 
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machines  before  the  fire,  but  this  is  apt  to  soften  their  cemented  joints, 
and  endanger  the  plate  or  cylinder;  the  former  especially  is  often  cracked 
by  incautious  warming,  and,  in  this  case,  the  crack  generally  commences 
at  the  axis,  and  gradually  proceeds  towards  the  circumference;  its  progress 
may  often  be  successfully  checked  by  drilling  a hole  through  the  plate  at 
the  point  of  the  crack.  Dryness  rather  than  warmth  of  the  air  is  requisite 
for  the  activity  of  the  electrical  machine;  it  should,  therefore,  be  kept  in 
a dry  room.  When  the  glass  parts  of  the  machine  are  perfectly  clean  and 
dry,  the  cushions,  freshly  amalgamated,  may  be  applied;  their  pressure 
upon  the  cylinder  or  plate  should  be  moderate,  and  they  also  should  be 
dry  and  warm.  The  brass  parts  of  the  machine  and  of  other  electric 
apparatus  are  commonly  lacquered,  which  ought  not  to  be,  as  it  often 
interferes  with  their  uses:  the  brass  knobs  especially  should  be  clean  and 
polished,  but  not  varnished. 

We  are  indebted  to  Mr.  Armstrong  for  another  remarkable  form  of 
electrical  apparatus,  which  has  been  called  the  hydro-electric  machine, 
{Phil.  Mag.,  May  and  July,  1841,  and  1843,  p.  103.)  It  consists  of  an 
insulated  high-pressure  boiler,  the  steam  of  which  is  allowed  to  escape  at 
intervals  through  a numerous  series  of  peculiarly  constructed  orifices,  and 
to  impinge  upon  a properly  arranged  conductor.  A fine  machine  of  this 
description  is  at  the  Polytechnic  Institution  of  London:  it  gives  a copious 
succession  of  sparks  of  from  12  to  20  inches  in  length,  and  charges  a 
battery  of  nearly  80  feet  of  coated  glass  in  8 or  10  seconds,  so  that  the 
intensity  and  quantity  of  its  electricity  are  both  considerable. 

It  having  been  observed  that  water  and  other  fluids  during  their 
evaporation  from  heated  surfaces  occasionally  develop  electricity,  the 
source  of  the  electricity  of  this  machine  was  originally  referred  to  that 
cause,  namely,  to  the  change  of  state  from  liquid  to  vapor.  Thus,  when 
a red  coal  is  placed  upon  the  cap  of  the  electroscope,  and  a little  water 
suffered  to  dribble  upon  it,  the  leaves  diverge,  and  the  rising  steam  is 
electrical.  Faraday,  however,  has  shown  the  cause  of  excitation  in  Arm- 
strong’s machine  is  neither  due  to  evaporation  nor  condensation,  but 
dependent  upon  the  friction  of  the  particles  of  water  which  the  steam 
carries  forward  against  the  surrounding  solid  matter  of  the  passage, 
{Phil.  Trans.,  1843,)  and  that  the  generated  electricity  is  positive  as 
regards  the  particles  of  water. 

§ 6.  GexNeral  Phenomena  op  Electricity  of  Tension, 

When  the  electrical  machine  is  in  good  order,  and  the  atmosphere  dry, 
it  produces  a when  the  plate  or  cylinder  is  turned,  and 

flashes  and  sparks  of  light  are  seen  upon  various  parts  of  the  glass,  passing 
from  the  cushion  to  the  conductor  : if  the  knuckle  be  held  near  the  con- 
ductor, sparks  pass  to  it  through  some  inches  of  air,  with  a peculiar  noise, 
and  excite  a slightly  painful  sensation  in  the  part  upon  wdiich  they  are 
received.  These,  and  the  other  phenomena  we  may  now  notice,  are 
especially  characteristic  of  electricity  of  tension. 

It  is  conjectured  that  the  cause  of  the  spark  thus  perceived  is  the 
sudden  compression  of  the  air  or  medium  through  which  the  electricity 
passes,  and  it  is  always  probably  attended  by  a proportionate  elevation  of 
temperature,  as  is  shown  by  the  power  of  the  spark  to  inflame  spirit  of 
wine,  and  some  other  easily  inflammable  compounds. 
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In  these  electrical  inacliines  the  surface  of  tlie  glass  becomes  positive 
by  friction  upon  the  rubber  or  cushion,  whicli  becomes  negative;  and  as 
the  cylinder  or  plate  is  kept  in  progressive  motion,  it  follows  that,  pro- 
vided there  be  a means  of  carrying  otf  its  positive  electricity,  it  will  con- 
tinually receive  a new  supply  from  the  uninsulated  rubber;  if,  on  the 
contrary,  no  means  of  conducting  it  away  be  resorted  to,  it  will  perpetually 
annihilate  itself  by  retransmission  to  the  cushion.  But  when  the  cushion 
is  insulated,  the  abduction  of  electricity  must  be  very  limited : hence,  to 
the  full  and  perfect  operation  of  the  electrical  machine,  tw'O  circumstances 
must  co-operate;  there  must  be  a means  of  withdrawing  tho  generated 
electricity  from  the  surface  of  the  glass,  and  of  preserving  the  supply  to 
the  cushion:  of  these,  the  former  is  effected  by  means  of  the  opposed 
prime  conductor ; the  latter,  by  connecting  the  cushion  by  a metallic 
chain  or  wire  with  the  earth.  We  accordingly  observe,  in  examining  the 
operation  of  the  electrical  machine, — 1st,  That  the  electricity  in  either 
conductor  is  extremely  feeble  w'hen  they  are  both  well  insulated.  2ndly, 
That  when  one  conductor  is  uninsulated,  the  electricity  derivable  from 
the  other  is  proportionately  augmented ; in  the  positive  conductor, 
because  then  the  other  drawls  uninterrupted  supplies  from  the  earth;  and 
in  the  negative  conductor,  because  the  positive  freely  transmits,  and 
hence  is  left  in  a state  rapidly  to  receive.  3rdly.  That  the  cushion  and 
the  surface  of  the  glass  are  always  in  opposite  states.  4thly,  That  the 
negative  and  positive  electricities  excited,  bear  precisely  that  relation 
which  enables  them,  when  combined,  to  neutralize  each  other : in  other 
words,  that  the  dejiciency  of  electricity  on  the  one  side  is  exactly  such  as 
to  be  restored  by  the  redundancy  on  the  other. 

By  the  aid  of  Nairne’s  electrical  machine,  the  phenomena  of  excit- 
ation, and  of  attraction  and  repulsion,  may  be  conveniently  studied. 
The  conductor  attached  to  the  cushion  is  negative^  and  that  opposed  to 
the  cylinder  positive;  the  former,  therefore,  represents  the  sealing'Waa\ 
and  the  latter  the  glass,  employed  in  the  experiments  above  described. 
If  w^e  attach  twm  pith-balls  to  either  conductor,  they  repel  etich  other;  but 
if  one  be  attached  to  the  negative,  and  the  other  to  the  positive  conductor, 
they  attract  each  other.  If  the  two  conductors  be  connected  by  a metallic 
wire  or  chain,  all  electrical  appearances  cease,  showing  that  the  negative 
and  positive  powders  are  exactly  such  as  to  neutralize  or  annihilate  each 
other:  and  in  this  case,  a current  of  electricity  traverses  the  ware,  passing 
from  the  positive  to  the  negative  conductor;  and,  when  a break  is  made 
in  it,  a succession  of  sparks  pass  between  the  divided  extremities.  This 
w’ire,  during  the  passage  of  the  electricity  through  it,  exhibits  other  and 
most  important  properties,  which  w^e  shall  afterwards  have  to  advert  to. 

Those  wdio  advocate  the  hypothesis  of  twm  distinct  electric  fluids 
explain  the  action  of  the  electrical  machine  as  follows:  they  suppose  that 
by  friction  the  neutral  electric  fluid  of  the  rubber  is  decomposed,  the 
positive  adhering  to  the  glass,  and  the  negative  to  the  surface  of  the 
cushion;  that  the  positive  surface  of  the  glass  in  its  turn  decomposes  the 
neutral  electricity  of  the  prime  conductor,  the  negative  element  of  w^hich 
is  attracted  by  the  positive  of  the  glass  so  as  to  reproduce  upon  it  the 
neutral  state,  whilst  the  prime  conductor  having  thus  lost  negative  elec- 
tricity is  left  more  or  less  highly  positive,  not  by  receiving  electricity  from 
the  revolving  glass,  but  by  having  parted  w'ith  its  own  negative  fluid  to 
the  glass.  M 2 
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The  appearance  of  the  electric  light  is  modified  by  the  density  of  the 
medium  through  which  it  passes.  In  common  air,  short  sparks  are 
straight,  or  nearly  so,  and  long  ones  zigzag : the  former  are  brilliant, 
especially  at  their  extremities;  the  latter  usually  of  a paler  or  redder  hue. 
In  condensed  air,  the  electric  spark  is  bright  and  white;  in  rarefied  air,  it 
is  of  a reddish  tinge,  and  faint  and  divided;  in  the  more  perfect  vacuum 
of  a good  air-pump  is  is  of  a purplish  hue,  and  only  visible  in  a dark 
room.  In  a good  Torricellian  vacuum  the  light  is  faint  blue;  and  in  the 
most  perfect  vacua  which  can  be  obtained,  it  is  scarcely  visible,  and  of  a 
greenish  tint.  In  gases,  the  electric  spark  usually  appears  most  brilliant 
in  those  which  are  most  dense ; in  hydrogen  gas,  it  is  faint  and  red ; in 
carbonic  acid,  it  is  vivid  and  white.  It  is  also  modified  by  the  nature  of 
the  surfaces  from  and  to  which  it  passes. 

This  apparent  passage  of  electricity  from  one  conductor  to  another, 
has  been  termed  the  disruptive  discharge:  it  is  the  limit  of  the  influence 
which  the  dielectric  (in  this  instance,  the  air)  exerts  in  resisting  the  dis- 
charge ; and  the  moment  this  has  taken  place,  it  is  assumed  that  the 
particles  of  the  dieletric  lose  their  electropolar  state,  and  resume  their 
normal  condition. 

Whenever  therefore  a spark  passes,  it  announces  the  annihilation  of 
the  opposite  electrical  states,  they  having  been  previously  brought  into 
existence  by  induction.  The  knuckle  held  near  the  positive  conductor 
becomes  negative ; and  when  the  opposite  states  have  acquired  a cer- 
tain degree  of  intensity,  a spark  passes,  and  the  state  of  excitation  is  at 
an  end. 

There  is  an  important  circumstance  attending  the  distribution  of 
quiescent  or  statical  electricity,  which  is,  that  it  belongs  to  surfaces  only, 
and  is  so  far  independent  of  quantity  or  mass  of  matter,  that  a hollow 
sphere  receives  the  same  charge  as  a solid  one.  Coulomb  found  that  an 
excited  globe  of  metal  afforded  no  indication  of  electricity  in  its  interior; 
and  that  an  excited  hollow  cylinder,  open  at  the  ends,  imparted  no  charge 
to  a small  insulated  disc,  introduced  into,  and  brought  into  contact  with, 
its  interior.  The  following  illustration  of  the  same  fact  is  due  to  Biot. 
He  suspended  a metallic  sphere  by  a silk  thread,  and  exactly  covered 
it  by  two  moveable  thin  metallic  hemispheres,  which,  by  insulating 
handles,  could  be  applied  and  removed  at  pleasure.  On  communicating 
a charge  to  this  sphere  with  its  exterior  coating,  he  found,  upon  its 
removal,  that  the  whole  of  the  charge  was  carried  away  upon  it,  and  that 
the  sphere  remained  without  electricity  : and  again,  on  charging  the 
sphere,  and  then  applying  the  coating,  the  whole  of  the  electricity  manifests 
itself  upon  the  latter,  and  may  again  be  carried  away  as  before.  This  expe- 
riment requires  some  dexterity  in  its  performance,  but  is  perfectly  satis- 
factory in  its  results.  In  the  same  way,  if  any  metallic  vessel,  such  as  a 
pail  or  pot,  be  insulated  and  charged  with  electricity,  on  bringing  an 
insulated  carrier-ball  to  its  exterior,  electricity  may  there  be  carried  away 
and  communicated  to  a gold-leaf  electrometer;  but  on  applying  the 
carrier-ball  carefully  to  its  interior,  it  will  not  receive  a trace  of  elec- 
tricit3^  The  cause  of  this  apparent  paradox  will  be  evident  by  a reference 
to  the  diagram  at  page  158.  Thus,  if  we  suppose  ahcd^  (fig.  134,)  to  be 
a hollow  sphere  charged  with  electricity,  an  insulated  ball,  «,  introduced 
into  and  touching  any  part  of  its  interior  could  receive  no  charge. 
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“•  becauso,  being  surrounded  by  a surface  in  one  electrical  condition,  it 
could  not  induce  the  opposite  state  by  polarising  the  surrounding  air,  by 
which  alone  a charge  could  be  sustained:  this  will  be  at  once  obvious  by 
supposing  the  ball,  a,  shaded  the  same  as  the  circle,  abcd^  to  denote  a 
similar  state  of  electricity,  when  the  polarised  state  of  the  particles  repre- 
sented in  the  diagram  will  be  seen  to  be  impossible.”  Faraday  well 
illustrated  this  condition,  by  constructing  in  the  middle  of  a large  room, 
a cubic  chamber  of  twelve  feet  in  the  side,  in  the  interior  of  which  no 
signs  of  electricity  were  manifest,  although  the  cube  itself  was  highly 
charged  by  connection  with  a powerful  electrical  machine,  so  that  large 
sparks  and  brushes  darted  off  from  its  surfaces  and  angles. 

It  will  now  be  understood,  that  what  we  have  termed  electrical  repul- 
sion  is  only  apparent^  and  depends  upon  attraction  by  surrounding  bodies 
which  act  by  induction  and  are  dissimilarly  electrified : thus  the  divel- 
lence  of  the  gold  leaves  of  the  electrometer  is  occasioned  by  the  absence 
of  all  attraction  between  their  opposed  surfaces,  while  they  are  attracted 
by  the  bodies  about  them.  This  state  of  things  is  well  illustrated  by 
attaching  a piece  of  bent  tin-plate  to  the  conductor  of  the  electric  ma- 
chine so  as  to  represent  the  diverged  leaves  of 
the  electroscope  (fig.  138) : if  we  then  bring  a 
small  disc  of  gilt  paper,  c c,insulated  by  afilament 
of  lac,  into  contact  with  the  outer  surfaces  b 5, 
we  shall  there  find  abundance  of  electricity,  but 
none  if  the  disc  be  carefully  applied  to  the  inner 
surfaces  na^  which  being  similarly  electrical  and 
opposed  to  each  other,  cannot  maintain  any 
charge  by  induction.  The  degree  and  kind  of 
electricity  of  these  discs  is  easily  determined  by  Coulomb’s  electrometer, 
or  by  a useful  substitute  for  that  instru- 
ment, made  by  suspending  a delicate 
rod  of  lac,  «,  with  a gilt  paper  disc 
at  one  of  its  ends,  5,  by  a fine  silk  or 
glass  filament,  c,  (fig.  139).  This  disc  in 
its  normal  state  will  be  attracted  by  any 
electrified  body,  but,  if  previously  rendered 
positive^  it  will  be  repelled  by  a positive 
and  attracted  by  a negative  disc.  The  small 
insulated  carrier  discs,  c (fig.  138),  are 
very  useful  in  these  and  similar  experi- 
ments, and  in  consequence  of  the  excellent 
insulating  power  of  lac,  the  discs  will  retain 
the  electric  state  imparted  to  them  for  a long 
time. 

It  has  been  concluded  that  in  a solid  body,  having  the  form  of  a sphere, 
the  electric  fluid  is  accumulated  in  a very  thin  stratum  at  its  surface,  and 
everywhere  equally,  so  that  a spark,  taken  from  any  part  of  the  surface, 
is  of  equal  length,  and  the  electricity  has  not  more  tendency  to  escape 
from  any  one  part  than  from  any  other  ; its  intensity^  therefore,  is  said 
to  be  everywhere  equal.  But  if  we  alter  the  form  of  the  surface,  we 
at  the  same  time  alter  this  equal  distribution  of  electricity.  If  two 
similar  spheres  be  placed  in  contact,  there  will  be  tw  o points  of  greatest 
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and  equal  intensity  on  their  opposite  sides  in  a line  with  their  point  of 
contact,  and  at  that  point  the  electricity  will  be  null.  In  an  ellipsoid, 
also,  the  greatest  accumulation  appears  at  the  extremities  of  the  longer 
axis,  and  there  the  intensiltj  of  the  electricity  is  at  its  maximum,  and 
increases  with  the  length  of  the  axis  : so  that  if  the  ellipsoid  be  considerably 
elongated,  the  intensity  is  very  feeble  at  the  equator,  and  very  great  at  the 
poles ; and  in  cylindrical  bodies,  the  greater  the  proportion  of  the  length 
to  the  breadth,  the  greater  will  be  the  intensity  at  the  extremities. 
Coulomb  found  that  in  a cylinder,  30  inches  long,  and  2 inches  in  dia- 
meter, the  intensity  of  the  electricity  at  the  ends  was  to  the  intensity  at  the 
middle  as  2*3  to  1.  If  the  conductor  be  elongated  into  a point,  the  inten- 
sity there  becomes  so  great  as  to  draw  to  itself  nearly  the  whole  of  the 
electricity ; hence,  wherever  points  project  beyond  the  general  surface, 
there  is  a tendency  in  the  electricity  to  pass  off.  The  tendency,  therefore, 
of  the  electric  fluid  to  pass  off  from  surfaces,  or  in  other  words  its  pres- 
sure against  the  air,  in  the  language  of  the  mathematical  electricians,  is 
considered  proportional  to  the  square  of  its  quantity:  so  that,  if  the 
electric  accumulation  at  four  different  parts  of  a conductor  be  as  1,  2,  3, 
and  4,  the  pressure  against  the  air  at  those  parts  will  be  as  1,  4,  9,  and 
16.  ‘‘If  two  balls  of  unequal  diameters  be  placed  together,  the  maxi- 
mum intensity  of  the  extreme  point  of  the  smaller  sphere  will  be  higher 
than  that  of  the  corresponding  point  of  the  larger,  and  by  adding  a series 
of  balls  in  contact  with  each  other,  all  gradually  decreasing  in  size,  the 
intensity  will  increase  upon  the  smaller  as  the  diameter  decreases.  We 
can  conceive  a succession  of  such  balls  gradually  diminishing  till  the  series 
ends  in  a mere  point,  at  which  the  electric  tension  will  be  at  its  maximum. 
In  consequence  of  this  law  of  distribution,  a powerful  dispersion  of  elec- 
tricity takes  place  from  all  bodies  of  a pointed  form,  the  intensity 
upon  them  increasing  to  such  an  extent  that  the  surrounding  insulating 
medium  of  air  gives  way  before  it,  and  no  longer  suffices  to  restrain  it.” 
(Daniell.) 

§ 7.  Illustrations  of  Electrical  Attraction,  Repulsion,  and 
Induction,  and  of  the  Influence  of  Points. 

The  statement  of  facts  respecting  electrical 
attraction,  repulsion,  and  iiiduetion,  admits 
of  many  striking  illustrations  by  the  electrical 
machine. 

The  head  of  hair,  which  stands  on  end 
when  electrized,  serves  to  illustrate  the  direc- 
tion of  the  lines  of  induction,  each  hair,  as 
if  repelled  by  its  neighbour,  radiating  towards 
the  nearest  point  in  an  oppositely  induced 
state,  and  consequently  converging  towards 
the  finger  when  held  near  them.  A similar 
experiment  may  be  made  by  placing  a persan 
upon  an  insulated  stool,  in  connexion  with 
the  conductor  of  the  electrifying  machine;  his 
hair  will  diverge  as  in  the  above  figure.  A tassel  composed  of  long 
strips  of  tissue  paper,  and  suspended  in  the  centre  of  a room,  is  also  a 
good  and  easy  illustration  of  the  lines  of  induction  : when  electrised,  the 
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filaments  separate,  and  open  out  like  radii  from  a centre,  and,  on  ap- 
proaching them  with  a conductor,  they  incline  towards  it,  in  consequence 
of  the  concentration  of  force  upon  the  nearest  surface. 

The  following  is  a sketch  of  the  simplest  form  of  the  electrical  peal 
of  hells^  which  ring  by  the  attractions  and  repul- 
sions of  small  clappers  suspended  between  them. 

The  bells  are  arranged  as  follows : « is  a brass 
hook  and  wire  by  which  they  are  suspended  to 
the  conductor;  b the  bells  attached  to  the  wire  by 
a brass  chain,  the  centre  one  being  suspended  by 
silk ; c the  clappers,  also  suspended  by  silk.  The 
electricity  received  at  a is  slowly  dissipated  by  the 
edges  of  the  bells,  the  ringing  of  which  is  occasioned 
by  the  alternate  attractions  and  repulsions  of  the 
insulated  clappers.  The  central  bell,  which  is  sus- 
pended by  silk  in  the  same  way  as  the  clappers,  is 
connected  with  the  table  by  the  wire  c,  so  as  to  un- 
insulate it  in  that  direction. 

Dancing  Jigures^  cut  out  of  light  paper,  may  be  made  to  exhibit  very 
ridiculous  movements  by  a little  management  in  turning  the  machine. 
For  this  purpose,  suspend  a brass  plate  from  the  conductor  to  the  ma- 
chine, and  beneath  it,  at  the  distance  of  four  or  five  inches,  place  a 
similar  brass  plate  connected  with  the  ground ; on  this  put  the  paper 
figures;  when  the  upper  plate  is  electrified,  they  rise 
and  perform  a dance  by  their  motion  between  the 
plates, 

A good  experiment,  illustrating  attraction  and 
repulsion,  consists  in  attaching  a wire,  with  a blunt 
point,  to  the  prime  conductor,  and  holding  over  it 
a clean  dry  bell  glass,  the  interior  of  which  will 
thus  receive  a superficial  charge ; if  it  be  then  set 
upon  the  table  over  a dozen  pith-balls  of  different  ^ 
sizes,  they  will  dance  up  and  down  in  it  for  several 
minutes,  until  they  have  nearly  carried  off  its  re- 
dundant electricity. 

Among  the  experiments  particularly  illustrative  of  electrical  induc- 
tion, we  may  notice  the  luminous  tubes  and  words^  in  which  a number  of 
sparks  are  made  to  pass  between  small  pieces  of  tin-foil, 
so  arranged  as  to  produce  in  a darkened  room  a variety  of 
figures  and  devices.  In  the  luminous  tube^  a number  of 
small  spangles  of  tin-foil  are  pasted  spirally  round  a tube 
about  half  an  inch  in  diametei*,  and  within  a very  short 
distance  of  each  other ; upon  holding  the  brass  ball  A to 
the  prime  conductor  of  the  machine  when  in  good  action, 
the  other  end  of  the  tube  being  uninsulated,  a beautiful 
succession  of  small  sparks  is  seen  between  each  of  the 
little  discs  of  foil.  The  opposite  electrical  states  are  here 
produced  by  induction  throughout  the  series  of  spangles, 
the  passage  of  the  sparks  indicating  the  momentary  anni- 
hilation of  the  electricities.  Let  the  following  figures,  for 
instance  (fig.  144),  represent  three  of  the  discs  or  span- 
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gles:  it  follows,  then,  that  1,  being  held  near  to 

©the  positive  conductor,  will  become  polar,  as  re- 
presented by  the  letters  N and  P : and  the  whole 
^ ^ series,  whatever  may  be  their  number,  will  be 

thrown  into  the  same  state  as  the  conductors  represented  in  the  figure  at 
page  155,  and  remain  so  till  the  spark  passes. 

A curious  and  important  phenomenon  of  induction  is  presented  by  an 
uninsulated  wire  at  the  moment  of  the  passage  of  an  electric  discharge 
through  it ; it  acts  by  induction  upon  neighbouring  bodies,  and  a small 
spark  may  be  taken  from  any  part  of  it.  Thus,  if  a long  wire  be  laid 
round  a room,  communicating  with  good  conductors  at  one  end  (the  gas 
or  water  pipes,  for  instance,)  and  so  arranged  with  a ball  at  the  other  that 
sparks  may  be  taken  in  quick  succession  by  it  from  the  prime  conductor, 
it  will  be  found  to  give  off  small  sparks  to  any  good  conductor  brought 
close  to  any  part  of  its  length.  It  appears,  therefore,  that  although  a con- 
ductor may  be  in  perfect  communication  with  the  earth,  it  may,  neverthe- 
less, so  influence  neighbouring  conductors  as  to  cause  lateral  discharges. 

The  influence  of  points  in  receiving  and  carrying  off  electricity  has 
already  been  adverted  to,  and  may  be  further  elucidated  by  the  following 
experiments.  If  we  hold  a pointed  wire  to  the  prime  conductor,  it  rapidly 
and  silently  draws  off  its  electricity,  and*  sparks  cannot  be  taken  from  it 
either  by  the  knuckle,  or  by  a brass  ball,  while  the  point  is  in  its  neigh- 
bourhood; or  if  we  attach  a pointed 
wire  to  the  conductor,  there  is  the 
same  convection  of  electricity;  and 
on  holding  the  hand  near  the  point, 
we  perceive  a peculiar  coldness,  or 
wind,  as  it  were,  which  has  been  called 
the  electrical  aura : it  is  even  sufli- 
cient  to  blow  out  a candle  held  near  it.  This  arises  from  the  secession 
of  the  electrified  particles  of  air  in  consequence  of  the  inductive  force 
concentrated  upon  the  point. 

If  the  point  be  moveable,  it  will  of  course  be  itself 
reacted  upon,  and  upon  this  principle  a variety  of  inge- 
nious apparatus  has  been  constructed,  such  as  fly- 
wheels, orreries,  and  so  on.  A simple  instance  is 
shown  in  the  annexed  cut  (fig.  146),  in  which  a fly 
with  four  arms,  each  terminating  in  a point  at  right 
angles  to  the  arm,  is  balanced  at  its  centre  upon  a 
pointed  wdre  stuck  into  the  prime  conductor.  The 
escape  of  the  electricity  from  the  points,  and  its  action 
upon  the  adjacent  air,  causes  the  fly  to  revolve  rapidly. 

If  these  experiments  be  made  in  the  dark,  it  is 
observed  that  a point  held  towards  the  negative  con- 
ductor has  the  appearance  of  giving  out  a brush  of 
light  (fig.  147);  but  when  held  to  the  positive  con- 
ductor, a luminous  star  or  point  is  all  that  is  observed 
(fig.  148).  These  appearances  have  been  supposed  to 
demonstrate  the  existence  of  an  electric  fluid,  which, 
in  the  one  instance,  is  supposed  to  be  escaping  from, 
and,  in  the  other,  received  by,  the  point:  but  these 
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affections  of  light  cannot  be  admitted  as  proofs  of  the  existence  of  any 
distinct  form  of  matter. 

The  philosophy  of  the  electric  discharge  hy  sparks,  brushes,  &c.,  has 
been  minutely  studied  and  ably  illustrated  by  Faraday,  more  especially 
in  the  twelfth  Series  of  his  Researches:  he  has  also  described  its 
appearance  in  various  media  or  dielectrics ; his  details  upon  these  subjects 
are  extremely  curious  and  important,  but  are  too  extended  to  be  here 
quoted,  and  scarcely  admit  of  such  abridgment  as  to  bring  them  within 
my  limits;  I must,  therefore,  content  myself  by  referring  the  reader  to  the 
original.  It  will  be  observed  that  the  brush  differs  from  the  spark  in 
being  “ a discharge  between  a bad  or  a non-conductor,  and  either  a 
conductor  or  another  non-conductor;  the  spark  ensues  where  an  insu- 
lating dielectric  is  interposed  between  two  conducting  surfaces  in  oppo- 
site states  of  electricity  ; and  then  if  the  actions  be  continually  increased 
in  strength,  or  otherwise  favoured,  either  by  exalting  the  electric  state  of 
the  conductors,  or  bringing  them  nearer  each  other,  or  diminishing  the 
density  of  the  dielectric,  a spark  at  last  appears,  and  the  two  forces  are 
for  the  time  annihilated,  for  the  discharge  has  occurred.” 


§ 8.  Op  Induction  through  Glass,  and  of  the  Leyden  Jar. 

From  what  has  been  said  respecting  induced  electricity^  and  the  elec- 
trical accumulation  dependent  upon  it,  it  will  appear  that  the  intervention 
of  conductors  and  non-conductors,  or  imperfect  conductors,  is  requisite 
to  the  existence  of  the  phenomena.  In  the  cases  cited,  the  non-conduct- 
ing medium  through  which  it  takes  place,  or  the  dielectric,  is  the  air;  we 
shall  now  show  that  induction  may  also  take  place  through  glass. 

For  this  purpose  it  is  only  necessary  to  excite  one  side  of  a clean,  dry 
pane  of  glass,  by  rubbing  it  with  a piece  of  silk ; and,  on  holding  a feather 
or  pith-ball  to  the  other  side  of  the  pane,  it  also  will  be  found  electrical. 
If  we  now  examine  the  nature  of  the  electricities  by  which  the  glass 
plate  is  charged,  it  will  be  found  that  the  rubbed  side  being  positive.,  the 
opposite  side  is  negative. 

In  the  same  way  we  may  charge  a plate  of  glass  wdth  the  opposite 
electricities,  hy  holding  it  to  the  prime  conductor  of  the  machine:  in  this 
case  sparks  will  often  appear  to  pass  through  the  glass;  hut,  on  removing 
it,  the  side  which  has  touched  the  conductor  vf'iW  be  found  positive,  the 
opposite  side  negative. 

As  glass  is  a non-conductor,  it  is  difficult  to  spread  the  electricity 
equally  over  its  surface  : this,  however,  may  easily  be  effected  by  coating 
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both  sides  of  the  pane  with  thin  tin-foil  to  within 
about  an  inch  and  a half  or  two  inches  of  the  edge, 
as  shown  in  fig.  149.  If  we  now  communicate  elec- 
tricity to  one  side  of  the  plate,  the  other,  not  being 
insulated,  will  become  oppositely  electrical,  and  in 
this  way  a charge  wfill  be  acquired  by  the  plate : if 
we  now,  hy  means  of  a bent  wire,  make  a commu- 
nication between  the  two  sides  of  the  coated  pane,  a 
bright  spark  will  pass,  and  the  accumulated  electricities  will  be  imme- 
diately annihilated. 

AV^e  avail  ourselves  of  arrangements  of  this  sort  for  the  purpose  of 
accumulating  electricity,  which  may  thus  be  accomplished  to  a great  and 
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powerful  extent ; but  the  pane  of  glass  is  an  inconvenient  form  of  appa- 
ratus for  the  purpose,  and  we  usually  substitute  for  it  a phial 
or  jar,  as  represented  in  fig.  150,  coated  inside  and  out  with 
tin-foil  to  within  three  or  four  inches  of  its  mouth.  A brass 
wire  surmounted  by  a knob,  is  then  made  to  communicate  with 
the  interior  coating,  and  the  apparatus  is  ready  to  receive  its 
charge  of  electricity,  precisely  upon  the  same  principle  as  the 
pane  of  glass.  This  is  called  the  Leyden  jar  or  phial,  the 
method  of  arrangement  having  been  accidentally  discovered  in 
1743,  by  Cuneus  and  Muschenbroek,  of  that  University.  The 
glass  should  be  thin,  and,  as  far  as  possible,  uniform  through- 
out; for  phials  or  jars  which  are  very  thick,  or  much  thicker  in  one  place 
than  another,  are  unfit  for  the  purpose.  {Hist,  de  1’ Acadhnie,  1746,  p.  1). 

If  we  now  hold  the  jar  by  its  outer  coating,  and  present  the  knob  near 
to  the  conductor  of  the  machine,  a succession  of  sparks  will  pass  into  it, 
at  first  very  rapidly,  afterwards  more  slowly,  and  at  length  ceasing 
altogether.  The  jar  is  then  charged;  and  if  a communication  be  now 
made  by  a metallic  wire,  from  the  outer  to  the  inner  coating,  a bright 
spark,  attended  by  a snapping  noise,  will  pass  from  the  knob,  after  which 
no  further  effect  will  be  produced,  the  jar  having  been  discharged.  The 
jar  may  also  be  charged  by  receiving  the  sparks  upon  the  outer  coating, 
whilst  the  knob  is  held  in  the  hand. 

The  wire  used  for  the  above  purpose  should  be 
mounted  with  balls  at  its  ends,  and  is  usually  called  a 
discharger,  a;  it  is  sometimes  jointed,  for  the  conve- 
nience of  applying  it  to  large  and  small  jars,  and 
mounted  upon  a glass  handle,  b (figs.  151, 152). 

If,  having  charged  the  jar,  and  holding  its  exterior 
coating  in  one  hand,  we  touch  the  knob  with  the  other, 
the  spark  passes  as  before,  and  we  perceive  a peculiar 
and  very  painful  sensation  at  the  wrist  and  elbows,  and 
across  the  breast,  which  is  called  the  electric  shock. 
It  is  painful  for  the  moment  only,  and  leaves  little 
other  permanent  impression  than  that  resulting  from 
fear  or  surprise. 

In  charging  the  jar  as  above  described,  if  we  keep  it 
in  contact  with  the  conductor,  and  the  machine  is  in 
good  action,  we  observe,  after  a time,  that  flashes  of 
light  pass  across  the  uncoated  interval,  which  are  soon  followed  by  a 
loud  crack  or  explosion,  and  a long  and  brilliant  spark  passes  from  the 
Avire  to  the  coating.  In  this  case  the  electricity  has  been  accumulated 
to  such  a degree  of  intensity  as  to  discharge  itself  spon- 
taneously over  the  exterior  uncoated  interval. 

To  ascertain  the  relative  charge  which  the  jar  has 
received,  and  its  power  of  retaining  the  charge,  we  em- 
ploy the  quadrant  electrometer,  (fig.  153,)  contrived  by 
Henley.  It  consists  of  a round  stem  of  metal,  seven  or 
eight  inches  long,  surmounted  by  a ball,  to  which  is  at- 
tached a semicircle,  most  conveniently  made  of  thin  ivory: 
in  its  centre  a pin  is  fixed,  on  which  a slender  slip  of  cane, 
about  four  inches  long,  with  a pith-ball  at  its  other  end, 
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turns  freely,  and  traverses  the  semicircle  as  an  index ; the  lower  half 
of  the  semicircle  is  divided  at  the  edge  into  ninety  degrees.  When 
this  instrument  is  electrified,  there  is,  of  course,  a tendency  to  repulsion 
hetAveen  the  moveable  ball  and  the  stem : the  ball  therefore  recedes, 
and  carries  the  index  over  the  graduated  circle,  to  a greater  or  less 
extent,  in  proportion  to  the  intensity  of  the  electric  charge.  The  repul- 
sion is  at  its  maximum  when  the  index  stands  at  right  angles  to  the 
stem,  or  at  90*^  upon  the  scale.  This  electrometer  may  be  fixed  upon 
the  prime  conductor,  or  upon  the  knob  of  the  jar.  The  latter  is  often 
a very  convenient  place  for  it,  because,  having  charged  the  jar  and 
removed  it  from  the  conductor,  Ave  see  by  the  behaviour  of  the  electro- 
meter hoAv  far  the  jar  retains  its  charge. 

There  are  many  other  electrometers  which  are  applicable  to  these 
high  charges  of  electricity,  among  which  Cuthbertson’s  Balance  Elec- 
irometer^  and  Lane’s  discharging  Electrometer^  will  be  found  very 
useful.  Mr.  Harris,  of  Plymouth,  has  also  described  a balance  elec- 
trometer, (Fkil,  Trans. ^ 1834,  p.  213,)  by  Avhich  the  mutual  attraction 
of  oppositely  electrified  surfaces  may  be  very  accurately  estimated  and 
compared ; and  in  experiments  in  which  it  is  required  to  charge  Leyden 
jars  or  batteries  with  knoAvn  proportions  of  electricity,  the  unit-jar.^  con- 
trived by  the  same  electrician,  is  also  a most  useful  piece  of  apparatus. 

In  charging  the  Leyden  jar  many  hundred  sparks  are  observed  to 
enter  it,  which,  when  it  is  discharged,  are  all  concentrated  into  one ; 
hence  the  brilliancy  of  its  light,  the  loudness  of  the  explosion,  and  the 
acuteness  of  the  sensation  which  it  produces. 

When  the  jar  is  in  direct  communication  wfith  the  conductor  of  the 
machine,  it  diminishes  the  intensity  of  its  electricity,  and  consequently 
admits  of  a greater  change  in  its  electric  state  before  any  given  resistance 
is  overcome,  or  force  of  attraction  manifested.  This  is  shown  by  attaching 
the  quadrant  electrometer  to  the  conductor  of  the  machine,  which,  when 
turned,  immediately  causes  it  to  rise  to  its  full  extent;  but  when  the 
interior  coating  of  the  jar  is  in  union  with  the  conductor,  the  machine 
must  be  turned  for  some  time  before  the  rise  of  the  electrometer  attains 
its  maximum. 

The  annihilation  of  positive  by  negative  electricity,  and  the  reverse, 
may  be  strikingly  shoAvn  by  attaching  the  quadrant  electrometer  to  a 
Leyden  jar,  and  giving  it  a certain  charge — say  to  twenty  degrees — from 
the  positive  conductor;  then  transfer  it  to  the  negative  conductor,  and 
Avhilst  apparently  receiving  a negative  charge,  the  electrometer  will  gra- 
dually fall,  and,  at  length,  all  electrical  accumulation  disappear:  then,  as 
the  jar  acquires  its  negative  charge,  it  will  again  rise,  and  may  be  again 
discharged  by  transferring  it  to  the  positive  conductor. 

The  poAver  of  the  Leyden  phial,  as  a source  of  electrical  accumulation, 
being  dependent  upon  the  opposite  states  of  its  tAVO  surfaces,  it  is  obvious 
that  one  of  them  must  ahvays  be  connected  Avith  the  ground,  in  order 
that  it  may  acquire  its  charge.  If  we  suspend  a jar  by  its  knob  (a 
thin  globular  jar  ansAvers  best  for  this  experiment)  to  the  positive  con- 
ductor of  the  machine,  its  outer  coating,  being  surrounded  by  dry  air, 
cannot  give  off  any  of  its  electricity,  and  consequently  it  Avill  receive 
no  charge  so  long  as  it  remains  thus  insulated ; but  if  Ave  hold  the 
hand  near  the  outer  coating,  sparks  of  positive  electricity  Avill  jAass  off 
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and  the  jar  acquire  a charge.  This  is  a good  experiment,  illustrating  the 
Franklinian  theory  of  electricity,  which  supposes  the  electric  fluid  to  be 
present  in  all  bodies,  but  to  manifest  itself  only  when  its  equilibrium  is 
disturbed.  Thus,  when  w'e  charge  a jar  in  the  usual  way,  we  add  to 
the  electricity  of  its  interior  coating,  whilst  its  exterior  throws  off  an 
equivalent  quantity:  so  that  the  former  becomes  positive^  or  plus^  and 
the  latter  or  minus;  hut  if  the  jar  be  the  electricity 

cannot  escape  from  the  outer  coating,  and  consequently  the  jar  cannot  be 
charged.  The  theory  of  two  fluids  assumes  that  the  positive  electricity 
deposited  upon  the  inner  surface  of  the  jar  repels  the  positive  elec- 
tricity from  the  outer  surface  of  the  jar,  and  attracts  the  negative 
electricity:  that,  therefore,  every  spark  which  passes  from  the  conductor 
to  the  knob,  occasions  an  increase  of  positive  electricity  upon  the  inner 
surface,  and  of  negative  electricity  upon  the  outer  surface,  and  that 
the  mutual  attraction  between  these  two  electricities  prevents  their 
spontaneous  escape,  and  occasions  a greater  accumulation  of  each  upon 
their  respective  surfaces:  that  when  a communication  by  a perfect 
conductor  is  made  between  the  two  surfaces,  the  electricities  rush  into 
combination,  and  all  appearances  of  accumulation  or  excitation  are  at 
an  end. 

The  following  experiment  further  illus- 
trates this  subject:  Take  two  Leyden  jars 
of  similar  size  (fig.  154);  insulate  one  of 
them  by  fixing  it  upon  a glass  stand,  «,  and 
place  the  other  on  the  table,  with  its  knob 
half  an  inch  distant  from  the  coating  of  the 
insulated  jar,  the  knob  of  which  should  be 
placed  at  the  same  distance  from  the  con- 
ductor of  the  machine.  For  every  spark  that 
passes  to  the  knob  of  the  first  jar,  5,  there 
will  be  a similar  spark  pass^rom  its  coating  to 
the  knob  of  the  second  jar,  c,  and  both  jars 
will  become  similarly  and  equally  charged. 
As,  therefore,  the  second  jar  is  thus  charged 
by  sparks  emitted  from  the  exterior  surface 
of  the  first,  and  as  their  charges  are  equal, 
it  follows  that  for  every  portion  of  elec- 
tricity added  to  one  side  of  the  coated  glass, 
a corresponding  or  equivalent  portion  leaves 
the  opposite  surface.  The  preceding  wood -cut  shows  the  proper  arrange- 
ment of  the  apparatus  for  this  experiment. 

Upon  this  principle  a jar  may  be  charged  by  the  tra7isfer  of  its  own 
natural  electricity  from  one  surface  to  the  other : for  instance,  suspend  a 
jar  to  the  positive  conductor  of  Nairne’s  machine,  and  connect  its  outer 
coating  by  a wire  with  the  negative  conductor  or  rubber,  the  whole  being 
in  a state  of  insulation,  so  as  to  prevent  the  access  of  electricity  from  the 
earth.  A few  turns  of  the  machine  will  charge  the  jar ; that  is,  the  elec- 
tricity which  is  thrown  into  its  inner  surface  by  the  positive  conductor,  is 
abstracted  from  its  outer  surface. 

This  experiment  is  further  instructive,  as  showing  the  impermeability 
of  glass  to  the  eleclric  fluids  for  the  conductor  and  the  rubber  of  the 
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machine  are  separated  from  conducting  contact  with  each  otlier  by  the 
thickness  of  the  glass  jar  only,  and  a considerable  accumulation  of  elec- 
tricity takes  place,  which  the  contact  of  the  thinnest  film  of  conducting 
matter,  or  the  slightest  fissure  in  the  glass,  would  effectually  prevent. 
When  the  glass  of  the  Leyden  jar  is  very  thin,  it  does  occasionally  happen 
that  it  is  perforated  by  a powerful  charge;  in  this  case  a small  round  hole 
is  observed  in  the  glass,  and  the  jar  is  rendered  useless. 

It  has  been  said  above,  that  a plate  of  glass  not  covered  by  tin-foil, 
maybe  charged  by  contact  with  the  prime  conductor:  the  metallic  coatings 
therefore^  is  not  essential  to  its  charge^  but  its  principal  use  is,  by  its  con- 
ducting power,  to  spread  the  electricity  over  the  surface  of  the  glass,  and 
to  enable  it,  when  the  discharge  is  made  by  uniting  the  opposite  surfaces, 
to  be  carried  off  at  once  in  a single  spark.  Jars  are  sometimes  made 
with  moveable  coatings ; these  may  be  charged  as  usual,  and  the  coating 
removed  and  again  replaced,  when  it  will  be  found  that  they  still  retain 
their  electricity,  which  belongs  in  fact  to  the  molecules  of  the  glass. 

Faraday’s  researches  have  disclosed  new  views  respecting  the 
extraordinary  condition  of  the  glass,  or  of  the  molecules  of  the  glass  in  a 
charged  jar,  and  as  constituting  the  polar  Jic/cc/Wc;  each  layer  of  particles 
being,  as  he  assumes,  thrown  into  a peculiar  polar  condition,  which,  if 
retained,  constitutes  insulation,  but  which,  if  lowered  by  the  communi- 
cation of  power  from  one  particle  to  another,  constitutes  conduction : he 
regards  insulation  and  conduction  as  only  extreme  degrees  of  one  common 
condition  or  effect,  and  shows  that  these  two  apparently  perfectly  dissi- 
milar conditions  may  be  associated  by  numerous  intermediate  links. 
(See  Ser.  xii.  of  his  Researches.) 

The  following  experiment  to  a certain  extent  illustrates  the  condition 
of  the  charged  glass  in  the  above  experiments ; if  we  apply  to  particles 
what  we  here  observe  in  regard  to  masses.  Apply  the  uncoated  sides  of 
two  thin  plates  of  glass,  each  coated  upon  one  side  only,  to  each  other,  and 
charge  them ; on  attempting  to  separate  them,  they  are  found  to  adhere 
together,  and,  on  separating  them,  the  uncoated  side  of  the  plate  which 
had  touched  the  conductors  will  be  found  positive,  and  that  of  the  other 
negative. 

Faraday’s  view^s  of  the  nature  of  induction  led  him  to  infer  the 
existence  of  a sjjecific  inductive  'power  peculiar  to  each  substance,  and 
he  proved  it  by  very  decisive  experiments  {Researches.^  Ser.  xi.),  in  which, 
among  other  forms  of  apparatus,  he  employed  what  he  has  termed  a 
differential  inductometei\  one  of  the  forms  of  which  consisted  of  two  insu- 
lated brass  plates  placed  within  a certain  distance  of  each  other,  one  of 
which  was  connected  with  the  cap  of  a gold-leaf  electrometer:  on  elec- 
trifying the  other,  it  acted  by  induction  through  the  air  upon  the  electro- 
meter, and  produced  a certain  extent  of  divergence  of  the  leaves  : plates 
of  different  substances  were  then  substituted  for  the  air  interposed  between 
the  plates,  and  the  divergence  was  either  increased  or  diminished  accord- 
ing to  the  relative  facilities  with  which  induction  took  place  through  the 
interposed  substances:  he  thus  ascertained  that  the  specific  inductive 
capacity  of  air  being  assumed  as  = 100,  that  of  glass  is  = 170,  of  shell- 
lac  = 200,  and  of  sulphur  — 224.  With  respect  to  aeriform  bodies,  he 
ascertained  the  curious  fact  that  they  all  possess  the  same  power  of  sus- 
taining induction;  no  variations,  either  of  their  density  or  elasticity, 
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produced  any  change  in  the  electric  tension,  till  rarefaction  was  carried 
so  far  as  to  enable  the  discharge  to  take  place  across  them;  hot  and  cold, 
and  dry  and  damp  air  were  compared,  but  no  diiference  was  observed. 

In  speaking  of  the  different  states  of  electricity,  the  terms  qiianlity  and 
intensity  are  frequently  used  to  indicate  the  different  phenomena  which  it 
exhibits:  the  former  implies  the  actual  quantity  of  electricity  in  any  body; 
and  the  latter,  or  the  term  tension^  signifies  the  state  of  electricity  indi- 
cated by  the  electrometer,  and  its  power  of  flying  off  from  surfaces,  and 
passing  through  a certain  stratum  of  air  or  other  dielectric.  The 
meaning  of  these  terms  will  be  more  evident  when  Ave  are  considering 
the  electricity  of  voltaic  combinations : in  the  mean  time,  as  regards  the 
electricity  of  the  machine,  they  may,  perhaps,  be  further  illustrated  as 
folloAvs : If  Ave  suppose  a charged  Leyden  phial  to  furnish  a spark,  Avhen 
discharged,  of  one  inch  in  length,  we  should  find  that  another  uncharged 
Leyden  phial,  the  inner  and  outer  coating  of  Avhich  Avere  communicated 
with  those  of  the  former,  Avould,  upon  the  same  quantity  of  electricity 
being  thrown  in,  reduce  the  length  of  the  spark  to  half  an  inch:  here,  the 
quantity  of  electricity  remaining  the  same,  its  intensity  is  diminished  by 
one-half,  by  its  distribution  over  the-  larger  surface.  Upon  the  same 
principle,  if  a long  metallic  riband  be  coiled  up  and  placed  upon  the  cap 
of  a gold-leaf  electrometer,  the  leaves  of  Avhich  are  fully  diverged  by  a 
sufficient  charge  of  electricity,  it  will  be  found  upon  uncoiling  the  riband 
by  means  of  an  attached  silk  thread,  so  as  still  to  preserve  insulation,  that 
the  leaves  collapse  to  a greater  or  less  extent,  in  proportion  to  the  quantity 
of  the  riband  uncoiled,  and  that,  upon  alloAving  it  again  to  coil  up,  they 
again  diverge ; here  the  extent  of  the  divergence  is  proportionate  to  the 
intensity  of  the  electricity,  which,  the  quantity  remaining  the  same,  is 
increased  or  diminished  inversely  as  the  surface  exposed. 

It  is  obvious,  that  the  extension  of  surface  will  be  attended  VAuth  a 
greater  superficial  exposure  to  the  unelectrified  air;  and  hence  it  might 
be  expected,  that  a similar  diminution  of  intensity  Avould  result  from 
the  vicinity  of  the  electrified  surface  to  the  ground,  or  to  any  other- 
body  of  sufficient  magnitude  in  its  ordinary  or  unexcited  state.  That 
this  is  the  case,  may  be  shoAvn  by  diverging  the  leaves  of  the  gold-leaf 
electrometer,  and  in  that  state,  approaching  the  instrument  Avith  an  unin- 
sulated metallic  plate,  which,  when  AAithin  half  an  inch  of  the  electro- 
meter-plate, will  cause  the  leaves  to  collapse;  but  on  removing  the 
uninsulated  plate,  they  will  again  diverge,  in  consequence  of  the  electricity 
regaining  its  former  intensity.  The  same  fact  is  shoAvn  by  the  condensing 
electrometer. 

The  supposed  influence  of  the  air  upon  the  retention  of  electricity  by 
surfaces  has  already  been  mentioned,  and  it  has  been  stated  in  illustration 
of  it,  that  the  Leyden  phial,  if  charged,  and  placed  under  the  receiver  of 
the  air-pump,  gradually  loses  its  charge  during  exhaustion,  and  that  if  the 
experiment  be  made  in  the  dark,  the  two  electricities  are  seen  annihi- 
lating each  other  by  flashes  of  light.  This  tendency  of  electricity  to  fly 
off  from  surfaces,  has  been  represented  as  greater  in  rare  than  in  dense 
media,  and  consequently  the  length  of  the  spark,  or  striking  distance,  (as 
when  a charged  jar  is  discharged,)  supposing  the  quantity  of  electricity  to 
remain  constant,  Avill  vary  inversely  as  the  density  of  the  air;  and,  accoi  d- 
ing  to  Harris,  the  resistance  to  the  passage  of  the  charge  varies  as  the 
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square  of  the  density  of  the  air;  and  Dr.  Turner  found  the  striking  dis- 
tance for  tlie  same  charge  greater  in  hydrogen  than  in  air,  and  greater  in 
air  than  in  carbonic  acid  gas. 

The  passage  of  electricity  through  air  of  different  densities,  and  in 
vessels  and  tubes  of  different  shapes,  lengths,  and  diameters,  gives  rise 
to  a number  of  beautiful  and  very  interesting  experiments.  The  good 
conducting  power  of  flame,  and  the  facility  with  which  it  discharges  elec- 
tricity, may  also  probably  be  referred  to  its  rarity.  But  such  phe- 
nomena, and  others  which  have  been  more  exclusively  referred  to 
the  air’s  pressure,  are  principally  referable  to  changes  in  the  inducting 
power  of  the  dielectric,  or  surrounding  medium,  and  are  perfectly 
consistent  with  those  views  of  the  nature  of  specific  induction  which 
Faraday  has  deduced  from  his  experimental  researches.  (Series  xii.)  In 
reference  to  the  pressure  of  the  atmosphere,  as  influencing  the  retention 
of  electricity  upon  the  surfaces  of  conductors,  he  remarks,  that  “ it  asso- 
ciates two  such  dissimilar  things  as  the  ponderous  air  and  the  subtle  and 
even  hypothetical  fluid  or  fluids  of  electricity  by  gross  mechanical  rela- 
tions; by  the  bonds  of  mere  static  pressure.  My  theory,  on  the  contrary, 
sets  out  at  once  by  connecting  the  electric  forces  with  the  particles  of 
matter;  it  derives  all  its  proofs,  and  even  its  origin,  in  the  first  instance, 
from  experiment ; and  then,  without  any  further  assumption,  seems  to 
offer  at  once  a full  explanation  of  those  and  many  other  singular,  peculiar, 
and,  I think,  heretofore  unconnected  effects.” 

The  Leyden  jar  furnishes  a striking  illustration  of  that  case  of 
induction  before  alluded  to,  in  which  the  two  electric  forces  are 
so  limited  in  their  direction  as  to  present  no  indications  external  to 
the  apparatus  employed;  thus,  if  w^e  charge  a jar,  and  then,  by  an  insulated 
handle  or  silk  thread,  remove  the  charging  ball  and  wire,  such  jar  will 
present  no  electric  appearances  on  examining  either  coat  by  an  insulated 
carrier-ball;  if  such  a ball,  having  been  in  contact  either  with  the  inner 
or  outer  coat,  be  examined  by  the  gold-leaf  electrometer,  no  signs  of  elec- 
tricity can  be  detected:  the  two  forces  are  confined  to  the  coatings,  or  to 
the  particles  of  the  dielectric  contiguous  to  them,  and  are  entirely  engaged 
to  each  other  by  induction  through  the  glass.  But  if  we  now  replace  the 
charging-ball  and  rod,  by  an  attached  silk  thread,  then  the  part  projecting 
above  the  jar  will  give  a powerful  charge  to  the  carrier-ball,  and  the 
outside  coating  of  the  jar,  if  it  be  insulated,  will  be  found  in  the  opposite 
state;  each  strongly  inductive  to  surrounding  objects;  and  after  these 
trials,  on  discharging  the  jar,  we  have  evidence,  by  the  usual  phenomena, 
of  the  annihilation  of  the  previous  inductive  state.  (Faraday,  Ser.  xiv., 
§ l(i82.) 

The  power  of  the  Leyden  jar,  in  receiving  and  retaining  electricity, 
is  proportioned  to  its  surface,  but  a very  large  jar  is  inconvenient,  and 
difficult  to  procure ; the  same  end  is  attained  by  arranging  several  jars, 
so  that  by  a communication  existing  between  all  their  interior  coatings, 
their  exteriors  being  also  united,  they  may  be  charged  and  discharged  as 
one  jar.  Such  a combination  is  called  an  electrical  battery^  and  is  useful 
for  exhibiting  the  effect  of  accumulated  electricity.  Tlie  jars  are  usually 
arranged  in  a wooden  box  or  case  coated  on  the  inside  with  tinfoil,  upon 
which  they  rest,  and  their  knobs  are  connected  by  rods  so  arranged  as 
to  admit  of  two  or  three,  or  of  the  whole  battery  being  simultaneously 
charged,  batteries  usually  including  either  nine  or  twelve  jars. 
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Th€  discharge  of  the  battery  is  attended  by  bright  light,  and  by  a 
considerable  report,  and  if  it  be  passed  through  small  animals  it  kills 
them;  if  through  tine  metallic  wires,  they  are  ignited,  melted,  and  burned ; 
and  gunpowder,  cotton  sprinkled  with  powdered  resin,  and  a variety  of 
other  combustibles,  may  be  inflamed  by  the  same  means. 

The  mechanical  force  that  accompanies  the  electric  discharge  is  shown 
by  the  perforation  of  paper,  the  tearing  of  the  leaves  of  plants,  and  of 
pieces  of  wood,  and  the  breaking  of  plates  of  glass,  through  or  over  which 
it  is  made  to  pass;  chemical  decompositions  may  be  effected  by  it,  and  it 
produces  magnetic  effects  consistent  with  the  laws  which  we  shall  after- 
wards point  out^. 

We  observe,  therefore,  that  certain  attractive,  repulsive,  and  inductive 
powers  belong  to  electricity  in  a quiescent  state  (^Statical  Electricity  j,  and 
that  when  in  motion,  it  produces  heat,  light,  chemical  effects,  and  mag- 
netism {Dynamic  Electricity).  Of  this  production  of  heat  and  light 
many  cases  have  already  been  cited;  in  illustration  of  the  chemical 
power,  a current  of  electricity  may  be  made  to  pass  through  a piece  of 
paper  moistened  with  solution  of  iodide  of  potassium,  when  iodine  will  be 
evolved,  forming  a brown  spot  at  the  point  of  the  entrance  of  the  current : 
and  in  reference  to  the  production  of  magnetism,  if  a steel  needle  be 
attached  at  right  angles  to  a wire  through  which  the  battery  is  discharged, 
it  will  he  found  to  have  acquired  polarity.  These  effects  of  the  electric 
current,  as  produced  by  the  common  machine  (frictional  electricity),  are 
merely  here  cited  in  reference  to  their  more  full  development  hereafter, 
and  their  connexion  with  the  phenomena  of  voltaic  or  chemical  elec- 
tricity. 


§ 9.  Of  the  Electrophorus,  and  Condenser. 

The  electrophorus  (fig.  155)  is  often  used  as  a permanent  source  of 
electricity,  and  may  sometimes  be  conveniently  and  economically  sub- 
stituted for  the  electrical  machine,  especially  in  the  chemical  laboratory. 

It  consists  of  two  metallic  plates,  a a,  with 
an  intervening  plate  of  resinous  matter,  h; 
for  the  latter  equal  parts  of  shell-lac,  resin, 
and  Venice  turpentine  are  generally  used, 
the  mixture  being  carefully  melted  in  a 
pipkin,  and  poured,  whilst  liquid,  into  a 
wooden  or  metal  hoop,  of  a proper  size, 
placed  upon  a polished  surface  of  glass  or 
marble,  from  which  it  easily  separates  when 


* The  intensity  of  the  heat  produced 
even  by  the  common  electric  spark,  is  such 
as  easily  to  inflame  alcohol,  kindle  gas 
flames,  and  so  on;  the  reason  why  this  heat 
is  not,  in  common  cases,  observed,  is  the 
excessive  rapidity  of  the  effect,  of  which, 
as  appears  from  Wheatstone’s  experi- 
ments, the  term  instantaneous  gives  us  but 
a very  imperfect  idea  ; hence  it  is,  that  the 
spark  taken  from  the  hand  has  not  time  to 
burn,  though  a succession  of  sparks  limited 
to  the  same  spot  produces  inflammation ; 
and  we  shall  afterwards  find,  that  by  dimi- 


nishing the  rapidity  of  the  progress  of  elec- 
tricity, or  using  a continuous  current,  we 
get  a variety  of  effects  completed,  of  which 
the  excessive  transiency  of  the  common 
electric  spark,  either  from  the  machine  or 
Leyden  jar,  prevents  the  accomplishment. 
Any  continuous  current  of  electricity,  which 
we  can  obtain  by  the  common  machine,  is 
extremely  small  in  quantity,  hence  the 
difference  between  its  effects  and  those 
which  we  shall  afterwards  witness  in  other 
cases  of  electrical  excitation. 
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cold;  it  should  he  about  half  an  inch  thick,  and  the  smooth  surface 
being  uppermost,  the  lower  side  should  be  covered  witli  tin-foil,  or 
attached  to  any  other  metallic  plate ; a smooth  but  unvarnished  brass 
plate,  with  a glass  handle  c attached  to  it,  is  then  placed  upon  the  upper 
surface  of  the  resinous  plate,  and  of  rather  smaller  diameter.  The  resin 
having  been  previously  excited  by  gentle  friction  with  a piece  of  dry  fur, 
the  instrument  will  be  found  to  exhibit  the  following  phenomena. 

Upon  raising  the  brass  plate  by  its  insulating  handle,  it  will  be  found 
very  feebly  electrical ; replace  it,  touch  it  with  the  finger,  and  again  lift  it 
off  by  its  handle,  and  it  will  give  a spark  of  positive  electricity.  This 
process  may  be  very  often  repeated  without  fresh  excitation,  which  circum- 
stance, as  well  as  the  nature  of  the  electrical  charge,  shows  that  the  elec- 
tricity of  the  moveable  brass  plate  is  not  directly  derived  from  the  resin, 
but  that  it  depends  upon  induction:  this  will  perhaps  be  more  obvious  by 
considering  the  upper  plate,  not  as  in  absolute  contact  with,  but  merely 
very  near  the  resinous  disc,  which,  from  the  minute  irregularities  upon  its 
surface,  is  really  the  case:  the  negative  electricity,  therefore,  of  the  excited 
resinous  plate,  is  communicated  from  a few  points  of  contact  to  the  brass 
plate,  upon  its  first  application,  and  then,  the  latter  is  precisely  in  the 
state  of  a conductor  opposed  to,  but  not  touching,  an  electrified  surface; 
and,  consequently,  in  due  condition  to  be  rendered  permanently  elec- 
trical by  induction,  when  occasionally  uninsulated  by  the  contact  of  the 
finger.  The  brass  plate,  wdien  placed  upon  the  resin,  may,  in  fact,  be 
regarded  as  in  a polar  state ; the  lower  surface  near  the  resin  being 
j)ositive^  the  upper  surface  being  negative.  Upon  touching  the  upper 
surface  w'ith  the  finger,  it  instantly  acquires  electricity,  loses  its  apparent 
polarity,  and  becomes  positive,  giving,  upon  removal,  a positive  spark  to 
any  conductor.  It  is  obvious  that  in  this  case  the  brass  plate  represents 
one  end  of  a conductor  of  indefinite  extent.  That  the  quantity  of  elec- 
tricity received  by  the  plate  is  equivalent  to  that  given  out,  is  supposed 
to  be  showm  by  the  following  experiment:  Place  the  metallic  upon  the 
resinous  plate,  and  touch  the  former  wdth  the  knob  of  a Leyden  phial; 
then  touch  the  cap  of  an  electrometer  wdth  the  knob  of  the  phial,  and  it 
wall  give  a certain  negative  divergence  to  the  leaves  ; raise  the  plate  and 
present  the  knob  of  the  jar  to  it,  a spark  w ill  pass ; and,  upon  apply- 
ing the  jar  a second  time  to  the  electrometer,  the  leaves  will  collapse, 
showing  the  annihilation  of  the  former  negative  by  the  latter  positive 
charge. 

When  the  electrophorus  is  placed  upon  an  insulating  stand,  its  lower 
plate  is  always  found  in  an  opposite  electrical  state  to  the  upper  one, 
so  that  in  this  respect  its  plates  resemble  the  coatings  of  a Leyden  jar : 
it  also  well  illustrates  the  great  inductive  capacity  of  the  lac  or  resinous 
disc : the  friction  of  the  upper  surface  having  communicated  a polar 
state  to  the  molecules  which  penetrates  through  its  entire  mass. 

When  an  insulated  electrified  surface  is  opposed  to  another  wdiich  is 
not  insulated,  so  as  to  be  affected  by  it  by  induction  through  the  interven- 
ing stratum  of  air,  the  electricity  communicated  to  the  former  suffers  an 
increase  of  tension  on  breaking  the  induction  by  removing  the  opposed 
uninsulated  conductor  : this  property  is  exhibited  as  follow^s  : Provide  a 
brass  plate,  five  or  six  inches  in  diameter,  and  drop  upon  its  lower 
surface  three  small  spots  of  sealing- w’ax  ; place  it  upon  a similar  plate, 
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forming  the  cap  of  the  gold-leaf  electrometer,  from  which  it  will  be  sepa- 
rated about  a twentieth  of  an  inch  by  the  three  small  insulated  legs  of 
wax.  Connect  the  upper  plate  with  the  ground,  by  touching  it,  and  give 
a very  feeble  electrical  charge  to  the  electrometer,  so  as  scarcely  per- 
ceptibly to  diverge  its  leaves ; then  suddenly  remove  the  upper  plate,  by 
which  the  induction  towards  it  will  be  broken,  and  the  tension  of  the 
electricity  suddenly  increased,  so  as  to  cause  a very  considerable  diver- 

The  plates  employed  in  this  experiment 
have  been  called  condensers.  They  are 
sometimes  placed  perpendicularly,  as  in  fig. 
156,  and  the  uninsulated  plate  a is  supported 
by  a wire  and  joint,  so  as  to  be  brought  as 
close  as  possible  to  the  insulated  plate  6, 
without  touching;  the  latter  is  in  commu- 
nication with  the  electrometer,  and  having 
received  its  charge,  the  moveable  uninsu- 
lated plate  is  drawn  back,  as  in  c,  and  the 
intensity  of  the  electricity  displayed. 

Sometimes  the  condenser  is  directly 
attached  to  the  electrometer,  as  shown  in 
fig.  157:  Cl  the  insulated  plate;  h the  move- 
able  plate  in  communication  with  the 
ground. 

The  general  phenomena  of  induction 
already  explained  are  well  illustrated  by 
this  form  of  apparatus;  and  it  will  now  be 
evident  that  what  is  termed  electrical  repuL 
Sion  depends  upon  induction  to  surrounding 
bodies,  as  in  the  case  of  the  gold  leaves  of 
the  electrometer,  or  of  two  similarly  elec- 
trified pith-balls,  which  cannot  induce  towards  each  other,  but  do  so  in 
all  other  directions  through  the  molecules  of  the  surrounding  medium  or 
dielectric.  In  the  condenser  above  described,  when  the  plates  are  near 
each  other  so  as  only  to  be  separated  by  a very  thin  stratum  of  air, 
induction  chiefly  takes  place  from  a to  h;  but  on  removing  5 to  a dis- 
tance, the  induction  of  the  gold  leaves  to  the  nearer  surrounding 
objects  becomes  manifest,  and  they  appear  to  repel  each  other.  In  these 
cases,  more  or  less  of  the  inductive  force  is  diverted  from  one  direction 
into  another. 
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§ 10.  Of  Natural  Electrical  Phenomena, 

Having  considered  electricity  in  relation  to  its  most  obvious  and 
ordinary  effects,  we  may  proceed  briefly  to  notice  its  influence  as  a 
natural  agent. 

Electricity  is  called  into  action,  upon  a grand  scale,  in  the  production 
of  the  thunder-storm.  It  has  been  by  no  means  satisfactorily  ascertained 
to  what  the  electric  accumulation,  that  in  such  cases  ensues,  is  to  be 
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attributed,  but  it  is  probably  referable  to  a variety  of  causes,  and  con- 
nected with  some  peculiar  power  in  masses  of  aerial  vapor  to  receive  and 
retain  electrical  charges,  which  do  not  admit  of  artificial  imitation,  and 
cannot,  therefore,  be  satisfactorily  explained  by  experiments  upon  a smaller 
scale. 

The  ancients  referred  the  thunder-storm  to  the  collision  and  attrition 
of  clouds  and  vapors,  impelled  and  agitated  by  currents  in  the  higher 
regions  of  the  atmosphere;  and,  in  more  modern  times,  before  the  dis- 
coveries in  electricity  which  have  been  noticed,  subtile  inflammable  and 
sulphureous  exhalations  were  supposed  to  exist  in  the  air,  and,  by  their 
ignition  and  explosion,  to  produce  the  effects. 

At  an  early  period  of  electrical  science,  an  analogy  between  the  elec- 
tric spark  and  lightning  was  suggested.  Mr.  Grey  and  Dr.  Wall,  and 
afterwards  the  Abbe  Nollet,  {Legons  de  Physique  Experimentale^  t.  iv. 
p.  314,  Paris,  1748,)  hinted^  more  explicitly  at  this  analogy.  “If  any 
one,”  says  he,  “ should  take  upon  him  to  prove,  from  a well-connected 
comparison  of  phenomena,  that  thunder  is,  in  the  hands  of  Nature,  what 
electricity  is  in  ours;  that  the  wonders  we  now  exhibit  at  pleasure  are 
small  imitations  of  those  great  effects  which  alarm  us,  and  that  the  whole 
depends  upon  the  same  kind  of  mechanism ; should  it  be  shown  that  a 
cloud,  formed  by  the  action  of  the  winds,  by  heat,  and  by  a mixture  of 
various  exhalations,  is,  when  opposite  to  a terrestrial  object,  as  an  elec- 
trified body  when  at  a certain  distance  from  one  that  is  not  electrified,  I 
confess,  such  an  idea,  if  well  suppoiTed,  would  afford  me  infinite  pleasure, 
and,  that  it  may  be  supported  by  many  plausible  arguments,  is  obvious 
to  any  one  well  versed  in  the  history  of  electrical  phenomena.  The  uni- 
versality of  the  electric  matter,  the  rapidity  of  its  action,  its  heat,  and  its 
activity  in  inflaming  other  bodies;  its  property  of  striking  them  externally 
and  internally,  even  to  their  smallest  parts;  the  remarkable  instance  we 
have  of  this  effect  in  the  Leyden  experiment;  the  notion  which  may  be 
legitimately  adopted  of  the  effects  that  might  be  supposed  to  arise  from 
a much  greater  accumulation  of  electric  power:  these,  and  many 
other  points  of  analogy  which  I have  for  some  time  meditated  upon, 
almost  induce  me  to  believe  that,  in  taking  electricity  as  a foundation, 
one  might  form  much  more  perfect  and  plausible  hypotheses  respect- 
ing the  origin  of  thunder  and  lightning  than  any  that  have  been  hitherto 
suggested.” 

Such  are  the  observations  of  Nollet  respecting  the  analogies  between 
electricity  and  lightning;  their  truth  was  afterwards  proved  by  Franklin, 
who,  like  his  predecessors,  meditating  upon  the  similarity  of  their  effects, 
traced  out  further  resemblances,  and  at  length  hit  upon  the  happy 
expedient  of  sending  up  a common  kite  to  an  electric  cloud,  and  thus 
experimentally  demonstrating  their  identity.  The  following  are  the 
particulars  of  this  curious  discovery.  {Encyclop.  Brit.  Art.  Elec- 
tricity.) He  begins  his  account  of  the  similarity  of  the  electric  fluid 
and  lightning,  by  cautioning  his  readers  not  to  be  staggered  at  the  great 
difference  of  effects  in  point  of  degree,  since  from  that  no  fair  argument 
could  be  drawn  of  the  actual  disparity  of  their  nature.  It  is,  he  says, 
no  wonder  that  the  effects  of  the  one  should  so  far  exceed  those  of  the 
other;  for  if  two  gun-barrels  electrified  will  strike  at  two  inches  distance, 
and  make  a report,  at  how  great  a distance  10,000  acres  of  electric  cloud 
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must  strike  and  give  its  fire,  and  liow  loud  must  be  the  crash,  lie  then 
adds,  that  flashes  of  lightning  are  generally  crooked  and  waving,  and  so 
is  a long  electric  spark;  that  lightning,  like  common  electricity,  strikes 
the  highest  and  most  pointed  objects  in  its  way,  in  preference  to  others, 
such  as  hills,  trees,  towers,  spires,  masts  of  ships,  points  of  spears,  &c. ; 
that  it  takes  the  readiest  and  best  conductor;  that  it  sets  fire  to  inflam  < 
mahle  bodies,  rends  others  to  pieces,  and  melts  the  metals.  Lightning, 
he  adds,  has  often  been  known  to  strike  people  blind,  and  the  same 
happened  to  a pigeon  which  had  received  a violent  shock  of  electricity; 
in  other  cases  it  has  killed  animals,  and  they  have  also  been  killed  by 
electricity. 

Reasoning  on  these  effects,  and  having  observed  that  pointed  conduc- 
tors appear  to  attract  electricity,  he  conceived  that  pointed  rods  of  iron 
attached  to  buildings  might  draw  from  clouds  their  electric  matter,  without 
noise  or  danger,  and  dissipate  it  at  their  termination  in  the  earth ; the 
following  is  his  memorandum  upon  this  subject:  — “The  electric  fluid  is 
attracted  by  points ; we  do  not  know  whether  this  property  be  in  light- 
ning, but  since  they  agree  in  all  particulars  in  which  we  can  already 
compare  them,  it  is  not  improbable  that  they  agree  likewise  in  this.  Let 
the  experhnent  be  madeL 

In  the  year  1752,  while  waiting  for  the  erection  of  a spire  in  the  city 
of  Philadelphia,  not  imagining  that  a pointed  rod  of  any  moderate  height 
W'ould  answer  the  purpose,  it  occurred  to  him,  that  by  means  of  a com- 
mon kite,  he  might  have  ready  access  to  the  higher  regions  of  the 
atmosphere.  Preparing,  therefore,  a large  silk  handkerchief,  and  two 
cross  sticks  to  extend  it  on,  he  took  the  opportunity  of  the  first 
approaching  thunder-storm,  and  went  into  a field,  where  there  w^as  a 
shed  proper  for  his  purpose.  But,  fearing  the  ridicule  which  might 
attend  an  unsuccessful  attempt,  he  communicated  his  intention  to  no 
one  but  his  son,  who  assisted  him  in  flying  the  kite.  A considerable 
time  elapsed  without  appearance  of  succes«!,  and  a promising  cloud 
passed  over  the  kite  with  no  effect,  when,  just  as  he  was  beginning  to 
despair,  he  observed  some  loose  threads  upon  the  string  of  the  kite  begin 
to  diverge  and  stand  erect,''  on  this,  he  fastened  a key  to  the  string,  and 
on  presenting  his  knuckle  to  it,  was  gratified  by  the  first  electric  spark 
that  had  thus  been  drawn  from  the  clouds;  others  succeeded;  and  when 
the  string  had  become  wet  by  the  falling  rain,  a copious  stream  of  electric 
fire  passed  from  the  conductor  to  his  hand. 

Franklin  pursued  these  experiments  with  much  assiduity  and  success; 
he  erected  an  insulated  iron  rod  to  conduct  the  electricity  of  the  clouds 
into  his  house,  and  performed  with  it  nearly  all  the  experiments  for  which 
he  had  before  employed  the  common  machine;  and  that  no  opportunity 
might  be  lost  of  making  such  experiments,  he  attached  a chime  of  bells 
to  the  electric  rod,  which  gave  him  notice,  by  their  ringing,  of  the  elec- 
tric state  of  his  apparatus. 

Two  French  gentlemen,  Messrs.  Dalibard  and  Delor,  probably  were 
the  first  who  experimentally  verified  Franklin’s  hypothesis.  The  former 
prepared  his  apparatus  at  Marly,  near  Paris ; the  latter  at  his  house, 
which  stood  upon  high  ground  in  that  city.  Dalibard’s  apparatus 
consisted  of  an  iron  rod  forty  feet  long,  the  lower  end  of  wTich  was 
brought  into  a sentry-box;  on  the  outside  it  wms  fastened  to  three  w^oodeii 
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posts  by  silken  strings  defended  from  the  rain.  This  machine  was 
the  first  that  happened  to  be  favored  by  a visit  from  the  ethereal  fire. 
Dalibard  himself  Avas  from  home,  but  in  his  absence  had  intrusted  the 
care  of  his  apparatus  to  a person  of  the  name  of  Coisier^  on  whose  courage 
and  attention  he  could  depend:  this  person,  having  had  all  necessary 
instructions,  was  directed  to  call  some  of  his  neighbours,  particularly  the 
curate  of  the  parish,  Avhenever  there  should  be  any  appearance  of  a 
thunder-storm;  at  length  the  event  arrived,  and  on  Wednesday,  the  10th 
of  May,  17fi2,  between  two  and  three  in  the  afternoon,  Coisier  heard  a 
loud  clap  of  thunder;  he  immediately  ran  to  the  sentry-box,  and,  in  the 
presence  of  the  curate  and  several  neighbours,  drew  sparks  from  the 
conductor.  A few  days  afterwards,  a successful  repetition  of  the  experi- 
ment was  made  by  M.  Delor  at  Paris. 

These  important  and  interesting  experiments  were  of  course  repeated 
in  almost  every  civilized  country  with  variable  success;  in  France  a 
grand  result  was  obtained  by  M.  de  Romas.  (Mem.  de  Sgavans  Etrmi- 
t.  ii.)  He  had  constructed  a kite  seven  feet  high,  and  three  wide, 
which  was  raised  to  the  height  of  550  feet  by  a string  with  a fine  wire 
interwoven  through  its  whole  length,  to  render  it  a better  conductor. 
On  the  26th  of  August,  1756,  streams  of  light  were  darted  from  the 
string  of  this  kite,  of  an  inch  in  diameter,  and  ten  feet  long. 

Considering  the  facility,  and,  at  the  same  time,  the  danger  of  these 
experiments,  it  is  curious  that  they  have  only  in  one  instance  been 
attended  by  a fatal  result,  namely,  in  the  case  of  Professor  Richman  of 
Petersbiirghi  He  had  constructed  an  apparatus  for  experiments  on 
atmospheric  electricity,  which  was  entirely  insulated,  and  with  no  con- 
triA^ance  for  discharging  it  Avhen  too  strongly  electrified.  On  the  6th  of 
August,  1753,  he  Avas  examining  the  electricity  of  this  apparatus  in 
company  Avith  a friend,  and  whilst  attending  to  an  experiment,  his  head 
accidentally  approached  the  insulated  rod,  and  a flash  immediately  passed 
from  it,  through  his  body,  and  deprived  him  of  life.  A red  spot  Avas 
produced  upon  his  forehead,  his  shoe  Avas  burst  open,  and  a part  of  his 
waistcoat  singed ; his  companion  Avas  for  some  time  rendered  senseless ; 
the  door  of  the  room  AA^as  split  and  torn  off  its  hinges. 

The  discovery  of  the  identity  of  lightning  and  electricity  has  not  been 
Avithout  its  practical  results,  among  which  we  may  especially  enumerate 
the  application  of  Conductors  to  buildings  and  ships,  by  Avhich  their  safety 
during  a thunder-storm  is  almost  ensured.  Franklin’s  original  proposition 
for  the  purpose  is  that  generally  adopted;  it  consists  in  erecting  a conti- 
nuous metallic  rod  by  the  side  of  any  building  Avhich  it  is  intended  to  pro- 
tect; the  rod  is  pointed  at  each  end,  and  extended  above  the  highest  part 
of  the  building  at  one  extremity,  the  other  penetrating  deep  into  the  earth, 
or  in  contact  Avith  Avater.  In  establishing  this  safeguard  no  other  precau- 
tions are  necessary  than  to  have  the  top  of  the  rod  Avell  and  permanently 
pointed  ; and  it  is  better  of  copper  than  iron,  because  the  former  does  not 
so  easily  acquire  a coating  of  rust,  Avhich,  being  a non-conductor,  might 
possibly  diminish  its  efficacy:  it  is  sometimes  Avell  to  subdivide  the  extre- 
mity into  three  or  four  points:  and  it  should  be  secured  to  the  side  of  the 
house  in  its  descent,  and  penetrate  so  deep  in  tlie  ground  as  always  to  be 
in  free  contact  Avith  a moist  stratum  of  soil ; it  it  ends  in  a deep  Avell,  so 
much  the  better.  The  diameter  of  the  rod  should  be  such  as  amply  to 
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secure  it  against  being  melted  by  a sudden  and  copious  flash  of  electricity, 
for  wliich  purpose  half  an  inch  is  fully  sufficient;  and  if  the  roof  is  leaded, 
a broad  strip  of  lead  should  connect  it  with  the  conductor.  When 
a building  is  very  extensive,  it  is  as  well  to  have  a conductor  at  each 
end;  and  where  a church  spire  is  to  be  protected,  all  clamps  and  bars 

of  metal,  of  any  magnitude,  used  in  its  con  - 
struction, should,  in  consequence  of  the  dan- 
ger of  lateral  explosion,  have  a metallic  con- 
nexion, by  a strip  of  lead  or  otherwise,  with 
the  nearest  part  of  the  conducting-rod.  It 
not  unfrequently  happens  that  the  iron  or 
leaden  water-pipes  attached  to  houses  act  as 
excellent  conductors,  and  supersede  the  ne- 
cessity of  any  specific  arrangement.  A 
small  building  containing  dangerous  mate- 
rials, such,  for  instance,  as  a powder-maga- 
zine, is  perhaps  most  prudently  defended 
from  ignition  by  lightning,  by  placing  the  conductor  within  a few  yards 
of  the  building,  and  elevated  several  feet  above  it;  for  this  purpose  it 
may  be  attached  to  a mast  or  signal-post  in  the  vicinity. 

Conductors  for  ships  have  usually  been  made  moveable,  with  the 
intention  of  occasionally  attaching  them  to  the  mast  during  dangerous 
storms ; the  consequence  has  been,  that  they  have  generally  remained 
packed  up  below,  and  not  in  their  place  at  the  time  of  danger : they  are 
also  commonly  made  of  chain,  which  is  improper.  Mr.  Harris  recom- 
mends fixed  conductors,  and  has  experimentally  demonstrated  their  safety 
and  value. 

Persons  not  otherwise  nervous  or  timid,  often  experience  particular 
sensations  of  alarm  and  discomfort  upon  the  approach  of  a thunder-storm, 
arising  from  some  constitutional  peculiarity,  which  perhaps  renders  them 
especially  sensible  of  the  influence  of  electricity  upon  the  system.  These 
and  others  are  often  led  to  inquire  after  the  best  means  of  safety  upon  such 
an  occasion;  the  directions  to  be  given  are  few  and  simple.  If  out  of  doors, 
shelter  under  trees  should  be  avoided ; and  if,  from  the  rapidity  with  which 
the  explosion  follows  the  flash,  it  should  be  evident  that  the  electric 
clouds  are  near  at  hand,  a recumbent  posture  upon  the  ground  is  the  most 
secure.  It  is  seldom  dangerous  to  take  shelter  under  sheds,  carts,  or  low 
buildings,  or  under  the  arch  of  a bridge.  The  distance  of  twenty  or 
thirty  feet  from  tall  trees,  or  houses,  is  rather  an  eligible  situation,  for 
should  a discharge  take  place,  such  prominent  bodies  are  most  likely  to 
receive  it,  and  the  less  elevated  objects  in  their  neighbourhood  may  there- 
fore escape  uninjured.  It  is  also  right,  during  a thunder-storm,  to  avoid 
rivers,  ponds,  and  streams  of  water,  for  they  are  good  conductors,  and 
the  height  of  a human  being  when  connected  with  them  is  likely  to 
determine  the  course  of  the  discharge.  Within  doors  we  are  tolerably 
secure  in  the  middle  of  a large  carpeted  room,  or  when  standing  upon  a 
doubled  hearth-rug.  We  should  avoid  the  chimney,  for  the  iron  of  and 
about  the  grate,  the  soot  that  lines  it,  and  the  heated  and  rarefied  air 
that  it  contains,  may  conduct  the  lightning;  upon  the  same  principle,  gilt 
mouldings,  bell-wires,  and  extensive  metallic  surfaces  of  any  description, 
are  also  in  danger  of  being  struck.  In  bed  we  are  comparatively  safe, 
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for  feathers  and  blankets  are  bad  conductors,  and  we  are  consequently 
to  a certain  extent  insulated  in  such  a situation.  The  cellar  has  been 
sometimes  recommended  as  a particularly  safe  place  of  resort,  and  so  it 
often  is ; but  sometimes  the  basement  story  of  a house  is  that  which 
principally  suffers  : of  this  the  cause  is  not  very  evident 

We  are  often  told  that  there  is  no  danger  if  a certain  interval  of  time 
can  be  counted  between  the  flash  and  the  report  of  the  thunder  this  is 
true  enough;  indeed,  if  we  can  count  at  all,  we  are  safe.  Where  jjersons 
have  been  killed  by  lightning,  it  has  generally  come  upon  them  so  sud- 
denly as  to  leave  no  time  for  precaution;  though  it  must  also  be  admitted 
that  some  have  suffered  from  foolishly  ridiculing  the  idea  of  danger,  and 
wantonly  exposing  themselves  to  the  storm,  walking  out  to  admire  its 
grandeur,  or  insisting  upon  opening  the  windows  to  look  out  and  observe 
it,  or  standing  under  a tree  for  shelter.  A severe  thunder-storm  is 
always  an  awful  and  dangerous  phenomenon;  and  while,  on  the  one  hand, 
it  is  the  extreme  of  folly  to  neglect  common  precaution,  or  to  ridicule 
those  that  are  alarmed,  it  is,  on  the  other,  equally  weak  to  give  way  to 
unfounded  apprehension. 

It  is  scarcely  necessary  here  to  describe  a variety  of  amusing  apparatus 
which  has  been  constructed  with  a view  to  show  the  effects  of  lightning 
upon  buildings,  the  means  by  which  it  harmlessly  traverses  good  and 
continuous  conductors,  and  the  mischief  which  it  produces  when  they  are 
insufflcient  or  interrupted.  Models  of  houses,  obelisks,  powder-maga- 
zines, and  ships,  properly  fitted  up  for  these  demonstrations,  are  sold  by 
the  philosophical  instrument  makers. 

The  appearance  of  the  heavens  during  a thunder-storm,  the  manner 
in  which  the  clouds  assemble,  and  attract  and  repel  each  other,  the  cir- 
cumstance of  their  rising  against  the  wind,  and  traversing  the  upper 
regions  of  the  atmosphere  in  a variety  of  contrary  directions,  are  pheno- 
mena which  it  is  not  difficult  to  explain  by  reference  to  those  general 
laws  of  electricity  which  have  been  already  sufficiently  explained.  Upon 
the  same  principles  we  account  for  the  fringed  appearance  of  a thunder- 
cloud, and  for  the  ragged  excrescences  which  it  projects  towards  the 


* When  a tree  is  struck  by  lightning,  it  often 
happens  that  it  is  completely  barked.  This  arises 
from  the  electricity  taking  that  direction  which 
best  conducts  it,  and  which  is  between  the  bark 
and  the  wood,  where  there  is  most  sap  and  moisture. 
The  bark,  on  such  occasions,  is  often  curiously 
spread  round  the  tree  in  the  form  of  a circle.  When 
lightning  strikes  the  ground  it  occasionally  indu- 
rates and  fuses  the  substances  through  which  it 
passes.  What  are  termed  sand-tubes  appear  to  be 
formed  by  the  passage  of  lightning  through  a sandy 
soil  which'  it  fuses  in  its  passage.  They  are  coated 
with  agglutinated  sand,  and  are  about  the  twen- 
tieth of  an  inch  thick,  very  hard,  and  furrowed 
upon  the  exterior.  The  annexed  cut  represents 
one  of  these  tubes,  as  described  by  Mr.  Irton. 
{Geol.  Trans.,  1812.)  In  one  part  of  its  passage 
(at  a)  the  electric  fluid  met  with  a bed  of  pebbles, 
which  were  fused  into  a mass. 
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earth,  whilst  its  upper  surface  is  generally  smooth  and  well-defined.  We 
sometimes  observe  that  a number  of  such  clouds  of  small  dimensions 
coalesce  into  a larger  one,  moving  swiftly  in  all  directions,  and  darting 
flashes  from  one  to  the  other,  whilst  the  wind  rises  and  often  blows  in 
squalls ; the  lightning  is  more  frequent  as  the  clouds  aggregate,  and  a 
great  expanse  of  the  heavens  often  appears  in  an  almost  continuous  blaze 
of  light.  The  thunder,  at  first  rumbling  in  the  distance,  now  approaches 
with  various  roaring  and  rattling  sounds,  and  the  rain  often  falls  in 
torrents. 

If  we  watch  a severe  thunder-storm  from  the  beginning  to  the  end,  we 
observe  a singular  variety  in  the  appearance  of  the  flashes : the  scene  is 
occasionally  rendered  awfully  magnificent  by  their  brilliancy,  frequency, 
and  extent,  darting  sometimes  in  broad  and  well-defined  lines  from  cloud 
to  cloud,  and  sometimes  shooting  towards  the  earth:  they  are  often  zig- 
zag and  irregular,  and  sometimes  are  said  to  appear  as  a large  and  rapidly- 
moving  ball  of  fire,  an  appearance  usually  designated  by  the  uninformed, 
a thunder-holt^  and  erroneously  supposed  to  be  attended  by  the  fall  of  a 
solid  body.  The  report  of  the  thunder  is  modified  according  to  a variety 
of  circumstances,  depending  partly  upon  the  situation  of  the  observer,  the 
nature  of  the  country,  and  the  extent  of  air  which  it  traverses.  Some- 
times it  sounds  like  the  firing  of  many  muskets  at  a short  distance  off ; 
sometimes  like  the  clattering  of  loose  hoards  upon  each  other,  or  the 
sudden  emptying  of  a large  cart-load  of  paving-stones : in  these  cases  it 
usually  quickly  follows  the  lightning,  and  is  near  at  hand:  when  more 
distant,  it  rumbles  and  reverberates,  at  first  with  a loud  report,  gradually 
dying  away  and  returning  at  intervals,  or  roaring  like  the  distant  dis- 
charge of  heavy  artillery.  In  accounting  for  these  phenomena  it  must  be 
recollected,  that  the  passage  of  electricity  is  infinitely  rapid ; a discharge 
through  a circuit  of  many  miles  has  been  experimentally  proved  to  be 
instantaneous;  the  motion  of  light  is  similarly  rapid,  and  hence  the  flash 
appears  momentary,  however  great  the  distance  through  which  it  passes. 
But  with  sound  the  case  is  very  different ; it  is  infinitely  slower  in  its 
progress,  moving  only  at  the  rate  of  about  twelve  miles  in  a minute. 
Now  supposing  the  lightning  to  pass  through  a space  of  some  miles, 
the  explosion  will  be  first  heard  from  the  point  of  the  air  agi- 
tated nearest  to  the  spectator;  it  will  gradually  come  from  the  more 
distant  parts  of  the  course  of  the  electricity : and  last  of  all  will  be  heard 
from  the  remote  extremity:  and  the  different  degrees  of  the  agitation  of 

the  air,  and  likewise  the 
difference  of  the  dis- 
tance, will  account  for 
the  different  intensities 
of  the  sound,  and  its 
apparent  reverberations 
and  changes.  If  the 
observer  be  equi- dis- 
tant, or  nearly  so,  from 
every  part  of  the  flash, 
he  will  hear  a single 
crash ; this  will  happen 
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if  we  suppose  a (fig.  160,)  to  represent  the  observer,  and  h the  direction 
of  the  flash;  which  is  here  passing  in  an  uniform  line,  as  it  is  sometimes 
observed  to  do,  from  a small  and  highly-charged  cloud. 

The  common  progress  of  lightning  is,  however,  much  less  regular, 
(fig.  161,)  and  may  be  represented  by  the  zig-zag  lines  b c,  the  spectators 
standing  at «,  in  which 
case  the  sound  will  first 
come  to  them  from  the 
nearest  point,  and  will 
then  seem  to  recede  and 
again  to  approach,  rum  - 
bling irregularly  as  the 
sound  arrives  from  the 
different  portions  of  tra- 
versed air,  some  nearer 
and  some  further  from 
them,  until  it  is  at  length 
lostinthe  distance.  This 
irregularity  in  the  passage  of  the  electric  discharge  is  sometimes  so  consi- 
derable, that  the  thunder  is  actually  lost  to  the  ear  at  one  moment,  and 
heard  again  at  another,  and  this  three  or  four  times  successively  in  the 
same  clap. 

There  was  at  one  time  a controversy  among  electricians  respecting  the 
relative  advantages  of  points  and  balls  in  the  construction  of  conductors ; 
but,  consistently  with  Dr.  Franklin’s  original  recommendation,  points  are 
now  universally  adopted.  Dr.  Franklin  suggested  an  experiment  in 
proof  of  his  opinion,  which  consisted  in  attaching  to  the  prime  conductor 
of  the  electrifying  machine  one  or  more  large  flocks  of  cotton,  so  as  to 
resemble  electrified  clouds.  When  a point  is  made  to  approach  these, 
they  collapse  and  recede,  and  quickly  lose  their  electricity:  w'hen,  on  the 
other  hand,  they  are  approached  by  a ball,  they  are  attracted  towards  it, 
and  the  charge  is  more  slowly  dissipated. 

Of  the  cause  of  atmospheric  electricity  we  are  nearly  ignorant:  it  is 
true  that  many  changes  Avhich  are  continually  going  on  upon  the  earth’s 
surface,  and  in  the  surrounding  atmosphere,  are  of  such  a nature  as  are 
known  to  disturb  the  electric  equilibrium;  evaporation;  change  of  state 
or  form  in  the  varieties  of  matter;  changes  of  temperature ; chemical 
action ; all  these  are  sources  of  electrical  excitation  ; but  still  they  can 
hardly  be  adduced  as  ofifering  a satisfactory  explanation  of  the  enormous 
electrical  accumulation  which  a thunder-storm  evinces.  That  sudden, 
violent,  and  extensive  chemical  and  mechanical  changes  in  the  forms  and 
states  of  matter  are  causes  by  which  electricity  is  often  copiously  mani- 
fested, is  shown  by  the  flashes  of  lightning  that  accompany  volcanic 
eruptions,  and  by  the  highly  electric  state  of  the  surrounding  atmosphere 
that  attends  them. 

Another  natural  phenomenon,  which  may  be  referred  to  electric 
excitation,  is  the  ivaterspout;  it  appears  to  result  from  the  electric 
attraction  of  a mass  of  vapor  or  cloud  acting  upon  the  water  beneath : it 
first  causes  the  appearance  of  a hillock  in  the  ocean ; the  water  is  then 
drawn  up  in  a column  towards  the  cloud,  and  the  cloud  and  rain  arc 
attracted  towards  the  water.  (See  in  reference  to  the  phenomena  of 
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whirlwinds  and  waterspouts,  Lardner  and  Walker,  Manual  of  Electri- 
city and  Magnetism^  II.,  241.) 

It  occasionally  happens  that  volcanos  suddenly  break  forth  in  the 
sea,  and  sometimes  in  very  deep  water:  and  they  are  attended  by  thunder, 
lightning,  and  waterspouts.  Of  such  an  eruption  a curious  account  is. 
given  by  Captain  Tillard,  in  the  Philosophical  Transactions^  and  of  its 
general  appearance  and  elfects,  some  notion  may  be  formed  from  the 
following  wood-cut.  In  June,  1811,  Captain  Tillard,  on  approaching  the 
island  of  St.  Michael,  observed  several  columns  of  smoke  rising  in  the 
horizon,  which  proved  to  issue  from  a marine  volcano  about  a mile  off 
the  north-west  end  of  the  island,  whither  he  proceeded  more  nearly  to 
inspect  the  phenomena.  “ Imagine,”  he  says,  “ an  immense  body  of 
smoke  rising  from  the  sea,  the  surface  of  which  was  marked  by  the  silver 
rippling  of  the  waves,  occasioned  by  the  slight  and  steady  breezes  inci- 
dental to  those  climates  in  summer.  In  a quiescent  state  it  had  the 
appearance  of  a circular  cloud,  revolving  on  the  water  like  a horizontal 
wheel,  in  various  and  irregular  involutions,  expanding  itself  gradually  on 
the  lee  side,  when  suddenly  a column  of  the  blackest  cinders,  ashes,  and 
stones,  would  shoot  up  in  the  form  of  a spire,  rapidly  succeeded  by  others, 
1G2  each  acquiring  greater 

velocity  and  breaking 
into  various  branches, 
resembling  a group  of 
pines ; these  again  form- 
ing themselves  into  fes- 
toons of  white  feathery 
smoke.  During  these 
bursts,  the  most  vivid 
flashes  of  lightning  con- 
tinually issued  from  the 
densest  parts  of  the  vol- 
cano, and  the  columns 
rolled  off  in  large  masses 
of  fleecy  clouds  gradu- 
ally expanding  them- 
selves before  the  wind  in 


a direction  nearly  horizontal,  and  drawing  up  a quantity  of  waterspouts, 
which  formed  a striking  addition  to  the  scene.  In  less  than  an  hour  a 
peak  was  visible,  and  in  three  hours  from  the  time  of  our  arrival,  the 
volcano  then  being  four  hours  old,  a crater  was  formed,  twenty  feet  high, 
and  from  four  to  five  hundred  feet  diameter.” 

The  account  then  goes  on  to  state,  that  the  eruptions  were  attended 
by  a noise  like  the  firing  of  cannon  and  of  musketry  intermixed,  as  also 
with  shocks  of  earthquakes  sufficient  to  throw  down  a large  part  of  the 
cliff  on  which  the  observers  stood ; it  is,  however,  principally  to  the 
lightnmg  and  to  the  waterspouts  that  I would  here  direct  the  reader’s 
attention.  Captain  Tillard  afterwards  visited  the  volcanic  island  : it  was 
eighty  yards  high;  its  crater  upon  the  level  of  the  sea,  was  full  of  boiling 
water;  it  was  about  a mile  in  circumference,  and  composed  of  porous 
cinders  and  masses  of  stone. 

The  Aurora  Borealis  is  another  natural  phenomenon,  probably  con- 
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nected  with  or  dependent  upon  electricity ; its  appearances,  indeed,  may 
be,  to  a certain  extent,  imitated  by  artificial  electricity,  which,  when  it 
passes  through  rarefied  air,  exhibits  a diffused  luminous  stream,  having 
much  resemblance  to  the  characteristic  appearances  of  the  northern  lights. 
“ There  is,”  says  Mr.  Singer,  “ the  same  variety  and  intensity  of  color; 
the  same  undulating  motions,  and  occasional  coruscations ; the  streams 
exhibit  the.  same  diversity  of  character,  divided  at  one  moment  into 
minute  ramifications,  and  at  another  beaming  forth  in  one  body  of  light, 
or  passing  in  distinct  broad  flashes ; and  when  the  rarefaction  is  consi- 
derable, various  parts  of  the  stream  assume  that  peculiar  glowing  color 
which  occasionally  appears  in  the  atmosphere,  and  is  regarded  by  the 
uninformed  observer  with  astonishment  and  fear.  ’ 

The  affections  of  the  magnetic  needle  and  of  the  electrometer  during 
the  appearance  of  the  Aurora,  as  well  as  other  phenomena  connected 
with  it,  have  been  noticed  by  several  eminent  philosophers.  Halley  and 
Dalton  directed  the  attention  of  meteorologists  to  this  subject;  and,  more 
lately.  Captain  Franklin  has  added  material  information  upon  it  {Journey 
to  the  Shores  of  the  Polar  Sea,  Appendix);  it  has  also  been  accurately 
described  by  Captain  Parry,  who  had  ample  opportunities  of  observing 
it  in  great  perfection  and  splendor,  during  his  perilous  voyages  in  search 
of  a north-west  passage  from  the  Atlantic  to  the  Pacific.  In  this  country 
the  Aurora  Borealis  is  rarely  seen  in  perfection.  On  the  13th  of  October, 
1792,  it  appeared  in  great  brilliancy;  and  an  account  of  it,  from  which 
the  following  extract  is  taken,  has  been  given  by  Mr.  Dalton  in  his 
Meteorological  Essays.  The  reader  may  also  consult  the  description 
given  by  Mr.  Kendall  of  the  Aurora  which  appeared  here  in  October, 
1829.  {(Quarterly  Journal  of  Science.) 

“ Attention  was  first  excited,”  says  Mr.  Dalton,  “by  a remarkably  red 
appearance  of  the  clouds  to  the  south,  which  afforded  sufficient  light  to 
read  by  at  eight  o’clock  in  the  evening,  though  there  was  no  moon  nor 
light  in  the  north.  From  half-past  nine  to  ten  there  was  a large,  lumi- 
nous, horizontal  arch  to  the  southward,  and  several  faint  concentric  arches 
northward.  It  was  particularly  noticed,  that  all  the  arches  seemed 
exactly  bisected  by  the  plane  of  the  magnetic  meridian.  At  half-past 
ten  o’clock,  streamers  appeared  very  low  in  the  south-east,  running  to 
and  fro  from  west  to  east ; they  increased  in  number,  and  began  to  ap- 
proach the  zenith,  apparently  with  an  accelerated  velocity ; when,  all  on 
a sudden,  the  whole  hemisphere  was  covered  with  them,  and  exhibited 
such  an  appearance  as  surpasses  all  description.  The  intensity  of  the 
light,  the  prodigious  number  and  volatility  of  the  beams,  the  grand  inter- 
mixture of  all  the  prismatic  colors  in  their  utmost  splendor,  variegating 
the  glowing  canopy  with  the  most  luxuriant  and  enchanting  scenery, 
afforded  an  awful,  but,  at  the  same  time  the  most  pleasing  and  sublime 
spectacle  in  nature.  Every  one  gazed  with  astonishment ; but  the  un- 
common grandeur  of  the  scene  only  lasted  about  one  minute ; the 
variety  of  colors  disappeared,  and  the  beams  lost  their  lateral  motion,  and 
were  converted  into  the  flashing  radiations.  Notwithstanding  the  sud- 
denness of  the  effulgence  at  the  breaking  out  of  the  Aurora,  there  was 
a remarkable  regularity  in  the  manner ; apparently  a ball  of  fire  ran 
along  from  east  to  west  with  a velocity  so  great  as  to  be  barely  distin- 
guishable from  one  continued  train,  which  kindled  up  the  several  rows 
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of  beams  one  after  another ; these  rows  were  situate  before  each  other 
with  the  exactest  order,  so  that  the  bases  of  each  row  formed  a circle 
crossing  the  magnetic  meridian  at  right  angles : and  the  several  circles 
rose  one  above  another,  so  that  those  near  the  zenith  appeared  more 
distant  from  each  other  than  those  near  the  horizon,  a certain  indication 
that  the  real  distances  of  the  rows  were  nearly  the  same.”  This  Aurora 
continued  for  several  hours ; there  were  many  meteors,  or  falling  stars, 
seen  at  the  same  time,  but  they  appeared  to  be  below,  and  unconnected 
with  the  Aurora. 

During  Captain  Parry’s  voyage,  he  had  numerous  opportunities  of 
witnessing  the  Aurora  in  uncommon  magnificence.  The  following  is 
an  abstract  of  his  description  of  its  appearance  on  the  14th  of  December, 
1821.  (^Second  Voyage  for  the  Discovery  of  a North- West  Passage^ 
p.  142.)  “The  Aurora  began  to  show  itself  as  soon  as  it  was  dark.  In- 
numerable streams  of  white  and  yellowish  light  occupied  the  heavens  to 
the  southward  of  the  zenith,  being  much  brighter  in  the  south-east,  from 
whence  it  often  seemed  to  emanate.  Some  of  these  streams  were  in 
right  lines,  others  crooked,  and  waving  in  all  sorts  of  irregular  figures, 
moving  with  inconceivable  rapidity  in  various  directions.  Among  them 
might  frequently  be  observed  shorter  bundles  of  rays,  which,  moving  even 
with  greater  velocity  than  the  rest,  have  acquired  the  name  of  ‘ merry 
dancers/  In  a short  time  the  Aurora  extended  itself  over  the  zenith 
about  half  way  down  to  the  northern  horizon,  but  no  further,  as  if  there' 
was  something  in  that  quarter  of  the  heavens  which  it  did  not  dare  to 
approach.  About  tliis  time,  however,  some  long  streamers  shot  up  from 
the  horizon  in  the  north-west,  which  soon  disappeared.  While  the  light 
extended  over  part  of  the  northern  heavens,  there  were  a number  of  rays 
assuming  a circular  or  radiated  form  near  the  zenith,  and  appearing  to 
have  a common  centre  near  that  point,  from  which  they  all  diverged. 
The  light  of  which  these  were  composed  appeared  to  have  inconceivably 
rapid  motion  in  itself,  though  the  form  it  assumed,  and  the  station  it 
occupied  in  the  heavens,  underwent  little  or  no  change  for  perhaps  a 
minute  or  more.  This  elfect  is  a common  one  with  the  Aurora,  and  puts 
one  in  mind,  as  far  as  its  motion  alone  is  concerned,  of  a person  holding 
a long  ribbon  by  one  end,  and  giving  it  an  undulatory  motion  through 
its  whole  length,  though  its  general  position  remains  the  same.  When 
the  streams  or  bands  Avere  crooked,  the  convolutions  took  place  indiifer- 
ently  in  all  directions.  The  Aurora  did  not  continue  long  to  the  north 
of  the  zenith,  but  remained  as  high  as  that  point  for  more  than  an  hour ; 
after  which,  on  the  moon  rising,  it  became  more  and  more  faint,  and  at 
half-past  eleven  was  no  longer  visible. 

‘‘The  color  of  the  light  was  most  frequently  yellowish-white,  some- 
times greenish,  and  once  or  tAvice  a lilac-tinge  was  remarked,  Avhen 
several  strata  appeared  as  it  were  to  overlay  each  other  by  very  rapidly 
meeting,  in  which  case  the  light  was  always  increased  in  intensity.  The 
electrometer  was  tried  several  times,  and  tAVo  compasses  exposed  upon 
the  ice  during  the  continuance  of  this  Aurora,  but  neither  was  perceptibly 
affected  by  it.  We  listened  attentively  for  any  noise  Avhich  might 
accompany  it,  but  could  hear  none,  but  it  was  too  cold  to  keep  the  ears 
uncovered  very  long  at  one  time.  The  intensity  of  the  light  Avas  some- 
thing greater  than  that  of  the  moon  in  her  quarters.  Of  its  dimming  the 
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stars  there  cannot  be  a doubt.  We  remarked  it  to  be  in  this  respect  like 
drawing  a gauze  veil  over  the  heavens  in  that  part,  the  veil  being  most 
thick  wlien  two  of  the  luminous  sheets  met  and  overlapped.  The  phe- 
nomenon had  all  the  appearance  of  being  full  as  near  as  many  of  the 
clouds  commonly  seen,  but  there  were  none  of  the  latter  to  compare  them 
with  at  the  time.” 

]My  object  in  the  above  extracts  has  been  to  give  an  account  of  those 
appearances  of  the  Aurora  which  seem  to  connect  them  with  electricity, 
and  though  Captain  Parry  neither  observed  the  electrometer  nor  the 
magnetic  needle  to  be  influenced,  Captain  Franklin  {Jouryiey  to  the  Shores 
of  the  Polar  Sea^  ^PP*)  remarked  them  both  to  be  affected.  Nairne, 
Cavallo,  and  others,  have  described  a peculiar  hissing  noise  as  one  of  the 
accompaniments  of  the  Aurora;  and  Dr.  Halley,  in  his  description  of  a 
remarkable  Aurora,  {Phil.  Trans. vol.  xxx.)  ascribes  its  production  to 
the  same  influence  as  that  which  produces  magnetism;  and  Beccaria 
conceived  the  phenomena  of  magnetism  to  be  dependent  upon  a circulation 
of  the  electric  fluid  from  north  to  south,  originating  from  several  sources 
in  the  northern  hemisphere. 

All  meteors  were  at  one  time  considered  as  derived  from  electricity ; 
but  the  showers  of  stones  by  which  many  of  them  are  accompanied  show 
that  they  must  often  be  ascribed  to  other  sources.  ^Vhat  are  termed 
falling  stars  are  supposed  by  some  to  be  of  electric  origin.  These  vary 
a little  in  size  and  color,  moving  in  various  directions,  but  chiefly 
appearing  to  shoot  towards  the  earth.  They  are  most  common  in  those 
states  of  the  atmosphere  favorable  to  electric  accumulation,  especially 
on  clear  frosty  nights,  or  when  the  sky  is  cloudless  and  the  wind  easterly; 
in  the  clear  intervals  of  a showery  evening,  and  on  summer  nights,  when 
well-defined  clouds  are  floating  in  a serene  atmosphere.  They  are  also 
common  during  the  prevalence  of  the  Northern  Lights,  appearing  then 
to  be  lower  than  the  Aurora;  and  from  their  comparative  brilliancy,  pro- 
bably moving  through  a more  dense  medium. 

The  appearance  of  a shooting  star  may  be  imitated  by  discharging  a 
Leyden  jar  through  an  imperfectly-exhausted  glass  tube,  or  air-pump 
receiver.  The  tube  should  be  capped  with  brass  at  both  ends,  and  about 
three  feet  long  and  an  inch  in  diameter ; if  too  perfectly  exhausted  the 
spark  passes  in  a divided  and  pale  stream  of  light,  but  on  admitting  a 
little  more  air  it  traverses  in  the  form  of  a bright  flash  or  spark. 

It  appears  from  the  best-conducted  experiments  on  atmospheric  elec- 
tricity, that  in  the  usual  state  of  the  atmosphere  it  is  generally  yositire.^ 
but  that  it  frequently  changes  to  negative  upon  the  first  appearance  of 
rain,  snow,  or  hail.  The  approach  of  clouds  often  influences  the  electri- 
city of  the  conductor,  so  as  to  produce  alternations  of  the  two  electricities. 
There  appears,  as  might  be  expected,  to  be  a greater  accumulation  of 
electricity  in  the  atmosphere  during  the  presence  of  regular  thunder- 
clouds, than  at  any  other  period;  a driving  fog,  accompanied  by  small 
rain,  a fall  of  snow,  and  a smart  shower  on  a hot  day,  are  also  attended 
by  powerful  signs  of  electric  excitation.  Hot  weather  succeeding  wet,  or 
wet  weather  following  a series  of  dry  days,  are  also  favorable  circum- 
stances for  the  generation  of  atmospheric  electricity.  The  atmosphere 
is  least  electrical  during  the  prevalence  of  north-easterly  winds,  and  in 
that  state  which  produces  a disagreeable  sensation  of  dryness  and  of  cold 
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without  a corresponding  depression  of  the  thermometer.  It  has  also  been 
remarked,  that  the  usual  positive  electricity  is  weakest  during  the  night; 
that  it  increases  with  the  sun-rise ; decreases  toward  the  middle  of  the 
day,  and  again  increases  as  the  sun  declines;  it  then  again  diminishes  and 
remains  feeble  during  the  night ; it  would,  therefore,  seem  probable  that 
the  electricity  of  the  atmosphere  is  influenced  by  the  same  causes  that 
modify  the  distribution  of  moisture.  A valuable  epitome  of  the  pheno- 
mena of  atmospheric  electricity,  by  Mr.  Charles  Y.  Walker,  will  be 
found  in  the  second  volume  of  his  Manual  of  ElecLricity^  Sfc,  The  reader 
is  also  referred  upon  this  and  other  parts  of  electric  science,  to  the 
Transactions  of  the  Electrical  Society. 


§ 11.  Galvanism  AND  Voltaic  Electricity. 

We  have  now  acquired  such  preliminary  information  upon  the  subject 
of  electrical  excitation,  and  of  the  phenomena  exhibited  by  electrified 
bodies  in  general,  as  may  enable  us  to  proceed  to  other  cases  of  the  evo- 
lution of  this  singular  agent.  We  may  observe,  that  scarcely  any  change 
in  the  general  state  of  matter  is  unattended  by  more  or  less  disturbance 
of  the  electrical  equilibrium.  Thus  the  disruption  of  solid  bodies,  changes 
of  temperature,  changes  of  form,  are  sources  of  electricity ; breaking  up  a 
mass  of  sugar,  tearing  asunder  the  plates  of  mica,  cleaving  a piece  of  dry 
wood,  heating  certain  minerals,  evaporating  liquids,  and  condensing 
vapors,  may  be  cited  as  instances,  which  have  been  or  will  be  noticed. 
But  among  the  changes  in  the  conditions  of  matter  which  are  attended 
by  the  evolution  of  electricity,  those  resulting  from  or  connected  with 
chemical  action  are  apparently  the  most  important,  and  are  immediately 
connected  with  those  curious  cases  of  the  manifestation  of  electricity, 
commonly  described  under  the  terms  galvanism  and  voltaic  electricity. 

In  the  year  1790,  Galvani,  of  Bologna,  discovered  that  electric  sparks 
taken  in  the  vicinity  of  a recently  killed  frog,  produced  spasms  of  the 
muscles:  and  it  was  soon  after  found  if  the  sciatic  nerve  of  a frog  be  laid 
bare,  and  touched  with  a piece  of  zinc.,  whilst,  at  the  same  time,  the  muscle 
is  touched  with  gold.,  similar  effects  to  those  of  the  electricity  were 
produced  whenever  the  metals  were  brought  into  contact^  or  connected 
together  by  conductors.  If  non-conductors  were  used  to  connect  the 
metals,  no  spasm  ensued.  Cold-blooded  animals  retain  this  kind  of  exci- 
tability longer  after  death  than  others,  and  they  are  affected  by  states  of 
electricity  so  feeble  as  not  to  be  indicated  by  the  most  delicate  electro- 
meters. A feeble  spark,  or  the  most  trivial  charge  of  a Leyden  phial, 
produecs  analogous  effects.  These  facts  soon  attracted  considerable 
attention,  and  were  followed  up  with  much  diligence  and  singularly 
extensive  and  important  results*. 


* “ It  would  be  difficult  in  the  history  of 
science  to  find  a more  signal  example  of  the 
influence  of  circumstances  apparently  for- 
tuitous, on  the  progress  of  discovery,  than 
that  furnished  by  the  invention  of  the  Vol- 
taic pile.  ‘ It  may  be  proved/  says  Arago, 


^ that  this  immortal  discovery  arose  in  the 
most  immediate  and  direct  manner  from  a 
slight  cold  with  which  a Bolognese  lady 
was  attacked,  and  for  which  her  physician 
prescribed  the  use  of  frog  broth.’  ” (Lard- 

NER.) 
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Frogs  are  the  most  convenient  and  susceptible  animals  for  these  expe- 
riments; but  when  they  cannot  easily  be  obtained  others  may  be  substi- 
tuted. The  annexed  sketch  (fig.  163)  represents 
the  legs  of  the  frog  prepared  for  galvanic  experi- 
ments: the  skin  is  removed,  and  the  crural  nerves 
a a are  then  easily  found,  by  gently  separating  ^ 
the  muscles:  is  a silver  wire  passed  under  both 
the  nerves  for  the  convenience  of  ensuring  me- 
tallic contact:  if  the  legs  be  now  folded  up  and 
placed  upon  a plate  of  zinc,  convulsions  are 
produced  whenever  a metallic  communication  is 
made  between  the  wire  b and  the  zinc  plate.  A 
similar  experiment  may  be  made  with  a live 
flounder,  which  may  generally  be  procured  at  the 
fishmonger’s.  Place  the  flounder  in  a plate  upon 
a slip  of  zinc,  and  put  a shilling  upon  its  back ; 
then,  with  a piece  of  wire  connected  with  the 
zinc,  make  occasional  contacts  upon  the  shilling, 
and  at  each  contact  strong  muscular  contractions 
are  produced.  According  to  Dr.Ure,  {T>ictionary^ 

Art.  Galvanism),  the  degree  of  muscular  con- 
traction depends  upon  the  direction  of  the  electric 
current,  and  is  greater  when  the  zinc  touches 
the  nerve,  and  the  copper  or  silver  the  muscle, 
than  when  this  order  is  reversed*. 

In  these  experiments,  if  the  separate  pieces  of  metal  be  of  the  same 
kind,  no  effects  are  observed:  to  produce  them,  two  different  metals  are 
requisite,  and  these  must  be  in  contact;  and  those  metals  wLich  are  diffi- 
cultly acted  upon  by  acids,  opposed  to  those  which  are  easily  acted  on, 
form,  in  general,  the  most  powerful  combination.  Thus,  gold  and  platinum 
produce  scarcely  any  effect ; but  gold,  or  platinum,  or  silver,  opposed  to 
iron,  tin,  or  zinc,  are  effectual.  This  part  of  the  subject  will,  however,  be 
more  explicitly  inquired  into  afterwards. 

There  are  many  other  experiments  and  illustrations  relating  to  this 
subject,  two  or  three  of  which  may  be  here  noticed.  If  a piece  of  silver 
be  placed  upon  the  tongue  and  a piece  of  zinc  under  it,  no  effect  is 
observed,  whilst  the  metals  are  kept  apart ; but,  if  their  ends  be  brought 
into  contact,  we  immediately  perceive  a saline  taste,  and  a peculiar  sensa- 
tion, somewhat  resembling  a slight  electrical  shock ; sometimes,  also, 
when  the  surface  of  the  metals  is  extensive,  a flash  of  light  appears  to 
pass  before  the  eyes.  This  latter  effect  may  be  more  certainly  produced 


* The  phenomena  mentioned  in  the  text 
have  given  rise  to  various  experiments  in 
reference  to  the  relation  between  electricity 
and  the  vital  functions  ; among  these  re- 
searches, those  contained  in  Dr.  Wilson 
Philip’s  communications  to  the  Royal  So- 
ciety, and  in  his  Experimental  Inquiry 
into  the  Laws  of  the  Vital  Functions,  are 
the  most  precise.  Attempts  have  also  been 


made  to  apply  the  stimulus  of  electricity  in 
cases  of  suspended  animation,  from  suffoca- 
tion and  drowning.  Dr.  lire’s  account  of 
the  effects  of  galvanism  upon  the  body  of  a 
criminal  executed  at  Glasgow,  deserves  the 
attentive  perusal  of  those  who  are  concerned 
in  these  medical  and  physiological  applica- 
tions of  electricity ; but  the  subject  is  too 
extensive  to  be  entered  upon  here  in  detail. 
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by  placing  one  metal  between  the  upper  lip  and  the  gums,  and  the  other 
upon  the  tongue,  and  bringing  their  ends  together  as  before. 

To  account  for  these,  and  similar  effects,  it  was  by  some  supposed 
that  the  nerves  and  muscles  of  animals  were  in  opposite  electrical  states, 
and  that  the  spasms  were  produced  in  consequence  of  their  annihilation 
by  the  metallic  conductor.  But  this  hypothesis  was  controverted  by  Volta, 
who  showed  that  contractions  might  be  excited  by  the  application  of  two 
different  metals,  but  not  by  one  only,  and  referred  the  effect  to  the  elec- 
iro7)iotive  power  of  the  different  metals. 

When  two  dissimilar  metals  were  brought  into  contact,  he  found 
that  very  feeble  electrical  states  were  developed  in  them.  When  an 
insulated  plate  of  zinc  was  brought  into  contact  with  one  of  silver  or 
copper,  the  former  was  found  to  be  in  a feebly  positive  state,  and  the 
latter  negative^  as  if  a minute  portion  of  electricity  had  passed  f'om 
the  least  to  the  most  oxidable  metal.  To  this  supposed  transfer,  or 
disturbance  of  electricity,  Volta  referred  the  convulsive  motion  of  the 
frog’s  limbs,  considering  the  nervous  irritability  of  the  animal  as 
highly  susceptible  of  such  influence,  and  as  operating  as  an  extremely 
sensible  electroscope ; and  the  production  of  similar  convulsive  twitches 
by  common  electric  sparks  and  shocks,  was  adduced  in  favor  of  this 
opinion. 

The  following  experiment  has  also  been  referred  to,  as  a case  of 
electrical  excitation,  depending  upon  the  contact  of  dissimilar  metals : 
Place  a large  plate  of  metal  upon  the  cap  of  the  gold-leaf  electrometer, 
and  sift  zinc  filings  upon  it  through  a copper  sieve,  held  by  a glass 
handle:  the  leaves  will  diverge  with  electricity,  and  the  sieve 

will  acquire  a negative  state.  Repeat  the  experiment,  substituting  a zinc 
sieve  and  copper  filings,  for  the  copper  sieve  and  zinc  filings,  and  the 
divergence  of  the  electrometer  wdll  be  negative.^  the  sieve  being  positive. 
But  when  we  recollect  by  what  slight  causes  electricity  is  sometimes 
made  evident,  it  becomes  a question  whether  mere  contact  is  the  only 
source  of  its  development  in  these  and  the  preceding  cases;  whether 
friction,  change  of  temperature,  or  even,  ultimately,  chemical  action,  may 
not  interfere. 

Although  we  shall  find  that,  in  reference  to  the  source  of  what  has 
been  termed  voltaic  electricity,  mere  contact  is  an  element  of  very 
doubtful  importance,  I shall  here  proceed  to  describe  an  instrument 
which  has  been  supposed  to  illustrate  this  mode  of  electrical  excitation: 
it  will  serve  on  the  one  hand  to  connect  them  with  the  preceding  details 
of  the  phenomena  of  frictional  electricity,  and  on  the  other  with  those  of 
chemical  origin.  It  is  termed,  from  its  inventor,  De  Luc  s electric 
column.  It  consists  of  a number  of  alternations  of  two  metals,  with 
interposed  paper;  for  this  purpose  thin  paper  covered  with  gold  or  silver 
leaf  may  be  used,  punched  out  into  circular  discs  of  about  half  an  inch 
diameter,  and  alternating  with  similar  discs  of  thin  zinc  foil,  so  arranged 
that  the  same  order  of  succession,  namely,  zinc,  silver,  paper:  zinc,  silver, 
paper,  &c.,  may  be  kept  up  throughout.  About  five  hundred  such  alterna- 
tions will  be  required  to  produce  an  active  column,  and  they  are  most  con- 
veniently placed  in  a suitable  glass  tube,  perfectly  clean  and  dry  within,  and 
surmounted  at  each  end  with  a brass  cap,  perforated  by  a screw,  by  which 
the  plates  may  be  pressed  together  and  which  also  serve  as  the  poles  of 
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the  arrangement;  the  screw  at  one  end  being  in  contact  with  the  zinc 
plate^  and  that  at  the  other  with  the  silvered  paper*. 

If  we  hold  this  column  by  one  of  its  brass  caps,  and  with  the  other 
touch  the  cap  of  the  gold-leaf  electrometer,  a divergence  will  be  commu- 
nicated to  the  leaves,  which  will  be  found  to  be  positive  from  one  end, 
and  negative  from  the  other  of  the  arrangement. 

If  we  place  the  column  with  each  of  its  extremities  in  connection  with 
the  electrometers,  as  represented  in  the  annexed  cut  (fig.  164),  and  if  w e 
suppose  the  arrangement  of  the  discs 
such  as  to  commence  on  the  left  hand 
w'ith  a silver  plate,  and  to  terminate  on 
right  with  a zinc  plate-,  the  alternation 
being  silver,  zinc,  paper, — silver,  zinc, 
paper,  (SZ.  P.  SZ.,  &c.)  then,  the  instru- 
ment on  the  right  in  connection  wuth  the 
terminal  zinc  plate  will  be  jwsitively 
diverged,  and  that  on  the  left  in  con- 
nection with  the  initial  silver  plate, 
will  be  negatively  diverged;  and  on 
making  a direct  communication  be- 
tween the  twm  electrometers  by  a metallic  wire,  the  divergence  ceases, 
but  again  ensues  soon  after  such  communication  is  broken.  It  will 
generally  be  found  most  convenient  in  experiments  with  the  column  to 
employ  twm,  each  containing  about  500  discs;  these  may  be  united  end 
to  end,  so  as  to  form  one  continuous  arrangement. 

If  then,  w^e  examine  into  the  state  of  the  electricity  thus  excited,  we 
find  it  resembling  that  of  a conductor  under  induction  : there  is  a positive 
and  a negative  end,  and  a central  point,  which  is  neutral ; upon  making 
a communication  between  either  end  of  the  column  and  the  ground,  the 
electricity  of  the  opposite  end  becomes  proportionally  exalted. 

In  the  experiments  we  are  now  about  to  describe,  it  will  be  found 
convenient  to  employ  an  electroscope  in  which  each 
gold  leaf  is  separately  insulated,  and  so  arranged  as 
to  admit  of  their  being  brought  nearer  to,  or  carried 
further  from  each  other.  Such  an  instrument  is 
represented  in  fig.  165,  where  « is  a glass  cylinder 
mounted  upon  a brass  or  wooden  base,  b ; the  cover,  c, 
is  a thin  piece  of  dry  and  varnished  wood,  with  a slit 
in  it,  in  wLich  the  glass  tubes,  dd^  slide  backw^ards  and 
forwards,  and  through  which,  brass  wires  pass,  with  a 
slip  of  gold  leaf  attached  to  each  of  their  lower 
extremities. 

If  we  now^,  having  duly  adjusted  the  distance  betw^een  the  gold  leaves, 
bring  the  zinc  ends  of  the  columns  in  contact  wuth  each  of  the  wires  to 
which  they  are  attached,  the  leaves  repel  each  other ; the  silver  ends 
produce  a similar  effect : but,  if  one  of  the  gold  leaves  be  connected  w ith 
the  zinc  end,  and  the  other  wuth  the  silver  end  of  the  column,  they 
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* Analogous  arrangements  were  made 
by  Hachette  and  Desormes,  with  pairs  of 
metallic  plates,  separated  by  layers  of  paste 
mixed  with  salt;  and  by  Zamboni,  who 

VoL.  I. 


used  discs  of  paper,  gilt  or  silvered  on  one 
side,  and  covered  on  the  other  with  a mix- 
ture of  black  oxide  of  manganese  and 
honey. 
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attract  each  other ; and  having  thus,  by  contact,  annihilated  their  oppo- 
site electrical  states,  they  separate  for  a moment,  and  then  again  attract 
and  separate  as  before,  a kind  of  perpetual  motion  being  kept  up  between 
the  leaves  in  consequence  of  the  successive  electrical  charges  communi- 
cated to  them  by  the  column.  Upon  this  principle  a variety  of  instm- 
ments  have  been  constructed,  under  the  name  perpetual  motions:  thus, 
a small  clapper  may  be  kept  constantly  vibrating  between  two  hells;  or  a 
light  pendulum  between  two  conducting  surfaces;  and  these  motions 
may  be  made  to  continue  as  long  as  the  column  retains  its  electric  activity, 
which  is  often  for  months  or  years. 

If  one  end  of  De  Luc’s  columns  he  connected  with  the  intei'ior^  and 
the  other  with  the  exterior  of  a Leyden  jar,  the  jar  will  receive  a charge; 
its  knob  will  affect  a gold-leaf  electrometer,  and  on  discharging  it  by  a 
Avire,  a very  small  spark  will  be  observed.  To  obtain  this  spark,  or  any 
luminous  appearance,  without  the  intervention  of  the  jar,  requires  a very 
extensive  series  of  the  metallic  alternations. 

It  Avill  be  observed,  in  regard  to  this  instrument,  that  its  electrical 
excitement  is  chiefly  that  of  intensity,  and  that  after  its  discharge  a sen- 
sible time  intervenes  before  its  poAver  is  renewed:  its  electricity  is 
apparently  independent  of  chemical  action,  and  has  therefore  been  con- 
sidered referable  only  to  the  contact  of  the  metals.  In  favor  of  this 
opinion  it  has  been  urged  that  whenever  any  chemical  action  is  apparent 
in  it,  its  electrical  effects  cease,  as  when  the  zinc  or  silver  becomes  tar- 
nished, or  the  intervening  papers  more  than  ordinarily  damp;  but  it  is 
also  rendered  inactive  by  perfectly  drying  the  papers  so  as  to  deprive  them 
of  their  hygrometric  moisture ; and  it  is  said  that  in  the  course  of  years 
the  zinc  becomes  evidently  corroded.  It  Avas  always  presumed  that  no 
chemico-electrical  effects  could  be  obtained  from  these  piles,  but  Mr. 
Gassiot  has  succeeded  in  decomposing  iodide  of  potassium  by  a column 
of  10,000  series  upon  Zamboni’s  construction.  {PhiL  Trans. ^ 1839,  p. 
191 .)  As  regards  the  general  phenomena  of  these  arrangements,  Ave  shall 
find  that  they  closely  correspond  Avith  those  of  Avhat  has  been  termed  the 
water-battery ; namely,  a very  extensive  voltaic  series  of  zinc  and  silver, 
or  zinc  and  copper,  charged  Avith  common  Avater ; and  in  reference  to  the 
independence  of  the  source  of  electricity  upon  chemical  action,  it  may  be 
remarked,  that  if  all  possible  sources  of  such  action  be  excluded,  the 
instrument  becomes  inactive. 

In  reference  to  the  cases  of  electrical  excitation  by  the  contact  of 
different  metals  immersed  in  very  dilute  acids,  it  is  found  that  the  most 
oxidizable  metal  is  always  positive^  in  relation  to  the  least  oxidizable 
metal,  Avhich  is  negative.,cin^  the  more  opposite  the  metals  in  these  respects, 
the  greater  the  electrical  effect ; and  if  the  metals  be  placed  in  the  folloAving 
order,  each  Avill,  when  immersed  in  water,  or  in  extremely  dilute  sulphuric 
acid,  become  positive  in  relation  to  that  which  precedes  it,  and  negative.^ 
to  that  Avhich  follows  it ; and  the  greatest  effect  Avill  result  from  the 
contact  of  the  most  distant  metals.  Platinum — Gold — Silver — Mer- 
cury— Copper — Tin — Lead — Iron — Zinc — Sodium — Potassium.  Here 
Ave  have  presumptive  evidence  in  favor  of  a chemical  cause  as  the 
source  of  electricity,  for  it  is  not  produced  by  the  most  dissimilar  con- 
ductors either  of  heat  or  of  electricity,  but  by  those  Avhich  are  most 
opposed  in  the  facility  Avith  Avhich  they  are  acted  upon  by  oxidizing 
agents;  and  it  Avill  be  moreover  found  that,  upon  this  chemical  action^  the 
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direction  of  the  current  entirely  depends.  So  that,  for  instance,  if  cop- 
per in  contact  nitli  iron  be  placed  in  dilute  sulphuric  acid,  the  oxidizing 
agency  of  such  aqueous  acid  will  be  limited  to  the  iron,  and  the  electric 
current  will  be  from  the  iron  to  the  copper;  but  if  we  substitute  a solution 
of  sulphuret  of  potassium  for  that  of  sulphuric  acid,  the  chemical  action 
will  then  be  greatest  upon  the  copper,  and  the  direction  of  the  electric 
current  will  be  reversed.  It  will  be  obvious,  therefore,  that  all  tables  of 
the  electric  powers  of  the  metals  must  be  constructed  in  reference  to  the 
exciting  fluid  selected,  upon  which  the  direction  of  the  current  essentiallv 
depends,  and  not  only  do  different  liquids  produce  in  this  respect  different 
effects,  but  the  same  fluid  in  different  states  of  dilution,  exerting  as  it 
often  does  different  chemical  effects  upon  the  same  metal,  will  give  rise  to 
corresponding  modifications  of  the  electric  current.  The  following 
table,  from  “Fahadays  Experimental  Researches,”  (17th  series,  Phil. 
Trails.^  1840,)  well  illustrates  these  points.  The  metals  are  numbered  in 
the  order  which  they  presented  in  dilute  nitric  acid,  for  the  purpose  of 
showing  by  the  comparison  of  those  numbers  in  the  other  columns  the 
striking  departures  there  from  this  the  most  generally  assumed  order. 
Each  metal  is  positive  to  that  which  precedes  it,  and  negative  to  that 
which  follows  it,  the  negative  being  in  all  cases  above. ^ 


Dilute  Colorless  Yellow 


Dilute 

Sulphuric 

Hydrochloric 

Strong  Nitric 

Solution  of 

Cihvdrosiilphuret  Hydrosulphuret 

Nitric  Acid. 

Acid. 

Acid. 

Acid. 

Caustic  i’olassa. 

of’  Potassium. 

of  Potassium. 

1 Silver 

1 Silver 

3 Antimony 

5 Nickel 

1 Silver 

6 Iron 

6 Iron 

2 Copper 

2 Copper 

1 Silver 

1 Silver 

5 Nickel 

5 Nickel 

5 Nickel 

3 Antimony 

3 Antimony 

5 Nickel 

3 Antimony 

2 Copper 

4 Bismuth 

4 Bismuth 

4 Bismuth 

4 Bismuth 

4 Bismuth 

2 Copper 

6 Iron 

8 Lead 

3 Antimony 

5 Nickel 

5 Nickel 

2 Copper 

4 Bismuth 

4 Bismuth 

1 Silver 

8 Lead 

G Iron 

6 Iron 

6 Iron 

6 Iron 

8 Lead 

3 Antimony 

1 Silver 

7 Tin 

8 Lead 

8 Lead 

7 Tin 

3 Antimony 

7 Tin 

7 Tin 

8 Lead 

7 Tin 

7 Tin 

8 Lead 

9 Cadmium 

2 Copper 

9 Cadmium 

9 Cadmium 

9 Cadmium 

9 Cadmium 

10  Zinc 

7 Tin 

10  Zinc 

2 Copper 

10  Zinc 

10  Zinc 

10  Zinc 

9 Cadmium 

10  Zinc 

9 Cadmium 

10  Zinc 

We  may  now  proceed  to  the  further  examination  of  the  phenomena 
arising  out  of  the  evolution  of  electricity  by  chemical  agencies.  What 
is  commonly  called  “ a simple  galvanic  or  voltaic  circle,”  is  formed  by 
immersing  tivo  different  metals  in  a dilute  acid^  and  making  a communi- 
cation between  them,  either  by  direct  contact,  or  by  some  perfect  con- 
ductor; one  of  the  metals  should  be  easily,  and  the  other 
difficultly,  or  not  at  all,  acted  upon  by  the  liquid,  and  the 
more  opposite  the  metals  are  in  these  respects,  the  more 
powerful  are  the  electrical  effects  observed.  In  fig.  166, 
z represents  a plate  of  zinc,  and  s one  of  silver,  partly 
immersed  in  very  dilute  sulphuric  acid,  and  in  contact 
at  their  upper  ends;  by  such  arrangement  a current  of 
electricity  is  established,  passing  from  the  zinc  through 
the  liquid  to  the  silver,  and  from  the  silver  again  to 
the  zinc,  in  the  direction  of  the  darts.  Or  the  arrange- 
ment may  be  modified,  by  immersing  the  plates  separately  in  the  acidi 
and  connecting  them  by  wires,  as  in  fig.  167 : the  circuit  will  thus  be 


* It  will  be  observed  that  in  this  table, 
tin,  in  column  2 and  3,  stands  below  iron,  and 
therefore  electro-positive  to  it ; but  this 
depends  upon  the  strength  of  the  acid,  which 
in  column  2 was  in  the  proportion  of  one 


measure  of  strong  acid  to  thirteen  of  water, 
and  in  column  3 in  that  of  ecpial  measures; 
in  a much  weaker  acid  iron  is  electro-posi- 
tive to  tin,  as  also  in  common  water. 
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extended,  but  the  electrical  current  will  be  found  moving  in  the  same 

direction,  from  the  zinc  across  the  liquid 
to  the  silver,  and  through  the  wires 
from  the  silver  to  the  zinc,  in  the  direc- 
tion represented  by  the  arrows.  In 
thus  completing  the  circuit  by  wires, 
the  electric  current  may  conveniently 
be  transferred  through  fluid  and  other 
bodies,  and  the  circuit  may  be  broken 
and  restored  at  pleasure,  by  alternately 
separating  and  renewing  the  contact  of 
the  wires  at  a.  It  will  be  observed, 
that  in  consequence  of  the  direction  of 
the  electric  current  in  this  arrangement, 
the  wire  b,  connected  with  the  silver 
plate,  is  conveying  electricity  to  the 
wire  c,  united  to  the  zinc  plate. 

This  arrangement  may  be  modified  by  interposing  a 
few  folds  of  blotting  paper,  or  a piece  of  flannel  dipped 
in  the  acid,  betw^een  the  plates,  instead  of  immersing  them 
into  the  acid  itself ; or,  as  in  the  annexed  sectional  dia- 
gram (fig.  168),  the  silver  or  copper  plate  may  itself  be 
formed  into  a vessel  for  containing  the  acid,  s representing 
the  wire  connected  with  the  vessel,  and  z a wire  connected 
with  the  zinc  plate,  care  being  taken  that  the  plate  is  no- 
where in  metallic  contact  with  the  cup. 

Another  useful  modification  of  this  form  of  apparatus 
is  the  following : c is  a cup,  composed  of  two  cylinders  of 
sheet  copper,  placed  one  within  the  other,  and  closed  at 
bottom,  to  contain  dilute  acid:  z is  a zinc  cylinder  wdth  a 
few  pieces  of  cork  attached  to  it,  so  as  to  prevent  its  touching  the  sides 

5 ~ of  the  cup  when  introduced  into  its 
/ place  between  them : b h are  small  copper 
cups,  soldered  to  conducting  wires,  and 
containing  a little  mercury,  for  the  purpose 
of  conveniently  making  and  breaking  the 
circuit. 

To  understand  many  of  the  peculiar 
phenomena  presented  by  these  and  similar 
arrangements,  it  will  be  necessary  to  refer  to  the  important  distinctions 
between  electricity  of  tension^  accumulated  upon  surfaces,  and  manifest- 
ing itself  by  attractions  and  repulsions,  and  by  discharges  passing  through 
air;  and  electricity  in  motion;  the  intensity  of  the  electricity  produced  by 
these  simple  circles  is  either  null,  or  so  trifling  as  to  require  extremely 
delicate  means  to  render  it  sensible;  but  its  quantity  is  great;  and, 
accordingly,  if  we  make  it  traverse  a fine  metallic  wire,  placed  between 
the  wires  a,  fig.  167,  or  z and  s,  fig-  188,  or  between  the  cups  hh,  fig. 
169,  the  wire  will  become  hot,  and  often  ignited;  a spark  wdll  pass 
between  two  fine  charcoal  points  when  brought  into  contact,  and  then 
removed  from  each  other;  the  galv anorneter  WiW  be  powerfully  deflected; 
and  certain  compound  substances,  made  part  of  the  circuit,  will  be 
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decomposed  : here,  then,  we  have,  as  evidences  of  the  currenl  of  electri- 
city above  alluded  to,  the  production  of  heat  and  light,  and  of  magnetic 
and  chemical  effects. 

There  are  two  circumstances  which  materially  interfere  with  the 
quantily  of  electricity  put  into  motion  by  these  arrangements.  The  one 
is  the  size  of  the  plates^  and  the  other  the  nature  and  strength  of  the 
interposed  acid  or  liquid;  or,  in  other  words,  the  nature  and  energy  of 
the  chemical  action.  By  increasing  the  superficial  extent  of  the  plates, 
the  extent  of  the  chemical  action  of  the  intervening  fluid  is  increased, 
and  the  quantity  of  electricity  proportionately  augmented  ; and  in  the 
case  of  zinc  and  dilute  sulphuric  acid,  the  more  rapidly  the  zinc  is 
oxidized,  and  the  oxide  removed,  so  as  to  expose  successive  new  surfaces  to 
the  agency  of  the  intervening  fluid,  the  greater  is  the  quantity  of  electri- 
city which  traverses  the  circuit.  Indeed,  the  heating  effects  of  a single 
pair  of  plates  of  great  extent  of  surface  is  such,  that  instruments  so  con- 
structed have  been  termed  calorimotors.  In  an  arrangement  for  this 
purpose,  made  under  the  direction  of  Mr.  Pepys,  at  the  London  Institu- 
tion, {Phil,  Trans..)  1823,)  a sheet  of  zinc  and  one  of  copper  were 
coiled  round  each  other,  each  being  60  feet  long  and  2 wide ; they  were 
kept  asunder  by  the  intervention  of  hair-ropes,  and  suspended  over  a tub 
of  acid,  so  that  by  a pulley  they  could  be  immersed  and  removed. 

In  all  these  cases,  however,  the  intensity  of  the  electricity  remains  the 
same,  or  nearly  the  same,  and,  to  increase  it,  we  resort  to  increase  of  the 
number  of  the  alternations  of  metak  and  acid;  this  constitutes  “a  com- 
pound galvanic  circle,”  and  leads  to  the  arrangement  originally  devised 
by  Volta,  and  hence  termed  the  Voltaic  pile  or  apparatus,  Volta’s 
original  pile  consisted  of  a number  of  plates  of  two  different  metals, 
alternating  with  moistened  flannel  or  pasteboard,  and  arranged  in  regular 
order  of  succession.  Zinc  and  copper  are  the  metals  commonly  used;  zinc 
and  silver,  or  zinc  and  platinum,  furnish  a more  active  series,  but  the 
use  of  the  hitter  metals,  in  extensive  combinations  of  this  description,  is 
to  a great  extent  prohibited  by  their  expense. 

To  construct  the  voltaic  pile,  take  from  twenty  to  fifty  plates  of 
copper,  and  as  many  of  zinc,  from  two  to  four  inches  square,  and  pile 
them  in  a glass  dish,  or  upon  a plate,  in  regular  order,  with  an  intervening 
piece  of  flannel  of  the  same  size,  well  soaked  in  a solution  of  common 
salt  in  water,  taking  care  that  the  regular  succession  of  metals  and  saline 
solution  is  kept  up  through  the  series,  in  such  an  order  that  if  we  begin  with 
a plate  of  zinc,  upon  it  will  be  a piece  of  the  moistened  flannel;  then 
a copper  plate,  a zinc  plate,  and  a piece  of  flannel;  then  copper,  zinc, 
flannel,  and  so  on ; the  series  terminating  with  a copper  plate.  Having 
made  this  arrangement,  connect  a wire  by  perfect  metallic  contact  with 
the  lowest,  or  zinc,  and  a similar  wire  with  the  uppermost,  or  copper 
plate,  having  previously  slipped  a small  piece  of  glass  tube  ujion  the 
wires,  to  serve  as  an  insulating  handle  ; then,  on  bringing  the  upper  wire 
from  the  terminal  copper  plate,  into  contact  with  the  condensing  elec- 
trometer, it  will  diverge  the  leaves  positively,  and  the  lower  wire  from  the 
bottom  zinc  plate  negatively,  and  the  same  general  phenomena  will  be 
observed  as  in  De  Luc’s  column.  If  the  fingers  be  thoroughly  moistened 
by  rubbing  them  with  salt  and  water,  so  as  in  some  measure  to  over- 
come the  non-conducting  power  of  the  cuticle,  a slight  shock  will  be  per- 
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ceived  on  touching  the  extreme  wires  with  each  hand  : a spark  is  rarely 
ohserved,  even  in  a dark  room.  But  if  we  now  substitute  dilute  riitro- 
sulphuric  or  nitrohydrochloric  acid,  for  moistening  the  intermediate  flannel, 
we  may  not  perhaps  observe  any  material  change  in  the  power  of  the  pile, 
as  indicated  by  the  affections  of  the  electrometer : but  the  shock  will 
probably  be  a little  more  powerful ; and  a spark  will  be  perceived,  on 
bringing  the  poles  together,  more  especially  brilliant  when  taken  between 
two  points  of  well-burned  charcoal  attached  to  the  wires  from  the  top 
and  bottom  of  the  pile.  Also,  if  w^e  now  bring  the  wires  from  the 
extremes  of  the  pile  (which  for  this  purpose  should  terminate  in  strips 
of  platinum)  near  each  other,  in  a glass  of  acidulated  water,  gas  will  be 
extricated  at  each  conductor.  In  this  apparatus,  arranged  as  just 
described,  the  direction  of  the  electric  current  when  the  circuit  is  com- 
j^leted,  is  from  the  zinc  plates,  through  the  saline  or  acid  solution,  to  the 
copper  plates ; so  that  the  inferior  zinc  plate  forms  what  has  been 
termed  the  negative^  and  the  superior  copper  plate,  the  positive  end  or 
pole  of  the  series. 

170  In  the  construction  of  the  Vol- 

taic pile,  as  just  described,  much  in- 
convenience results  from  the  method 
of  arrangement,  when  the  plates  are 
numerous;  and  the  weight  of  the 
upper  part  of  the  pile  presses  the 
moisture  out  of  the  lower  part,  and  renders  it  comparatively  inactive. 
To  obviate  this,  [each  pair  of  plates  is  sometimes  soldered  together, 
and  cemented  in  regular  order,  into  a well-seasoned  mahogany  trough, 
as  in  fig.  170;  and  the  intervening  cells,  which  are  about  a fourth  of  an 
inch  wide,  are  filled  with  acidulated  water,  or  other  proper  liquid,  by  wbich 
the  arrangement  is  rendered  active.  The  apparatus  thus  constructed 
was  called  a voltaic  trough.,  and  the  combination  of  several  of  them,  a 
voltaic  battery ; such  troughs  are  easily  filled  and  emptied,  and  may  be 
kept  clean  by  rinsing  out  with  water,  after  use.  A wire,  in  metallic  con- 
tact with  each  terminal  plate,  enables  us,  as  before,  to  complete  the  circuit. 

Another  form  of  Volta’s  apparatus,  the  “ Couronne  des  tasses” 
consists  in  arranging  a row  of  small  glasses  or  cups,  (figs.  171^  172,) 

containing  dilute  sulphu- 
ric acid  (or  other  pro- 
per liquid),  in  each  of 
S which  is  placed  a plate 
or  wire  of  platinum,  sil- 
ver, or  copper,  and  one  of 
zinc,  not  touching  each 
other,  but  so  connected, 
that  the  zinc  of  the  first 
glass  may  be  in  metallic 
contact  or  communication 
with  the  silver  or  copper  of  the  second,  and  the  zinc  of  the  second  glass 
with  the  silver  or  copper  of  the  third,  and  so  on  throughout  the  series,  as 
shown  in  the  annexed  cuts. 

By  arrangements  of  this  kind,  we  can  see  what  happens  in  each  cell 
of  the  apparatus;  and  it  will  be  observed,  that  when  the  extreme  wires  or 
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poles  are  in  contact^  and 
a current  of  electricity 
therefore  passing  through 
the  arrangement  in  the 
direction  of  the  arrows, 
each  wire  or  metallic  sur- 
face immersed  in  the 
liquid  is  active ; whereas, 
when  the  connexion  be- 
tween the  poles  is  broken,  the  silver  (^or  the  copper)  cease  to  evolve  gas. 
In  other  respects,  the  general  properties  of  the  apparatus  thus  arranged, 
resemble  those  of  the  other  forms  above  described. 

Another  good  form  of  the  voltaic  apparatus  is  constructed  upon  similar 
principles : it  consists  of  a trough  of  earthenware,  with  partitions  of  the 
same  material  (fig.  173).  The  plates  of  copper  and  zinc  are  soldered 
together  at  one  point  only,  and  each  united  pair  of  plates  is  so  arranged, 
as  to  inclose  a partition  between  them ; consequently,  there  is  in  each 
cell,  a copper  plate  connected  with  the  zinc  of  an  adjoining  cell,  and  so  on, 
in  regular  succession ; and  the  connecting  piece  of  the  last  copper  plate  may 
be  elongated,  so  as  to  enable  it  to  dip  into  the  first  cell  of  the  next  trough, 
when  several  of  such  troughs  are  placed  in  rows  endways  to  each  other; 
it  is  there  opposed  to  the  ensuing  zinc  plate  of  another  set,  and  so  on. 
The  plates  are  attached  to  a slip 
of  baked  wood,  so  that  the  whole 
may  at  once  be  lifted  into  or 
out  of  the  cells.  This  construc- 
tion, originally  suggested  by  Dr. 

Babington,  has  many  advantages ; 
it  admits  the  fluid  to  remain  in 
the  trough,  while  the  action  of  the 
plates  may  be  suspended  at  plea- 
sure, by  lifting  them  from  the 
cells;  when  the  plates  are  cor- 
roded or  injured,  they  are  also 
easily  replaced.  Where  many  of 
these  troughs  are  employed,  so  as  to  constitute  a powerful  battery,  it  is 
necessary  to  be  extremely  attentive  to  the  regular  order  of  succession 
throughout  the  series;  if  any  plates  are  misplaced,  or  any  single  set  reversed, 
a great  diminution  of  effect  is  the  consequence.  Much  care  must  also  be 
taken  respecting  the  communications  between  the  troughs  to  prevent  the 
accidental  displacement  of  any  of  the  junction-plates.  It  is  well  to  be 
provided  with  a few  si^are  pairs  of  plates  attached  to  each  other  by  a 
sutficiently  long  copper  strap,  for  the  purpose  of  uniting  the  troughs, 
Avhere  their  arrangement  requires  that  they  should  be  placed  at  angles  to 
each  other. 

A considerable  improvement  in  the  construction  of  this  apparatus  was 
suggested  in  the  year  1815  by  Dr.  Wollaston.  It  consists  in  extending 
the  copper  plate,  so  as  to  oppose  it  to  both  surfaces  of  the  zinc,  as  shown 
in  the  following  sketch  (fig.  174),  where  a represents  the  bar  of  wood 
to  which  the  plates  are  screwed;  bb  the  zinc  plates  connected  as  usual 
with  the  copper  plates  c c,  which  arc  doubled  over  the  zinc  plates,  and 
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174  opposed  to  them  upon  all 

sides,  contact  of  the  surfaces 
being  prevented  by  pieces 
of  wood  or  cork  placed  be- 
tween them,  which  keep  the 
plates  about  one-fourth  of 
an  inch  asunder. 

There  are  many  incon- 
veniences, however,  attend- 
ing each  of  these  forms  of 
the  Voltaic  apparatus,  and 
many  important  points  re- 
specting its  phenomena, 
which  cannot  be  conve- 
niently investigated  by  any 
of  the  preceding  arrange- 
ments; some  of  these  will 
be  already  apparent,  and  others  are  connected  with  effects  to  which  we 
shall  presently  advert;  to  facilitate  the  experimental  examination  of  such 
and  other  questions,  Professor  Daniell  constructed  what  he  termed  a 
dissected  battery ; it  is  a circular  arrangement  of  ten  cells,  each  provided 
with  a platinum  and  zinc  plate  (the  latter  being  amalgamated^^  and 
which  admit  of  being  combined  together  in  different  ways.  Over  each 
platinum  plate  is  an  inverted  and  graduated  glass  tube,  filled  with  the 
same  dilute  acid  as  the  cell,  in  which  the  hydrogen  gas  disengaged  may 
be  collected  and  measured. 

The  following  description  and  figures  of  this  battery  are  from 
Daniell’s  Introduction  to  the  Study  of  Chemical  Philosophy^  § 726,  &c., 
and  although  the  details  involve  a number  of  points  of  electro -chemical 

action  which  can  only  be  adequately 
explained  in  the  sequel,  they  have 
such  important  bearings,  practical 
and  theoretical,  upon  the  whole 
subject,  that  I have  thought  it  best 
to  introduce  them  here. 

Fig.  175  represents  a section  of  a 
single  cell  of  this  dissected  battery. 
V w X z z y,  is  a glass  cell  resting  by 
its  wide  rim  in  a circular  hole  in  the 
stand  c d.  ij  is  a central  zinc  plate, 
connected  by  a wire  passing  through 
the  stopper  abed,  with  the  mer- 
cury cup  o,  on  either  side  of  which 
is  a platinum  plate,  both  of  which 
terminate  by  wires  in  the  mercury 
cup,  p.  Either  of  these  platinum 


* The  zinc  plates  are  most  conveniently 
amalgamated  (that  is,  superficially  com- 
bined with  mercury)  by  putting  some  sul- 
phuric acid  diluted  with  8 or  10  parts  of 
water  into  a basin,  and  pouring  into  it  a 


little  mercury:  the  zinc  plates  are  then 
rubbed  over  with  the  acid  and  mercury  by 
a piece  of  tow,  till  the  surface  becomes 
adequately  amalgamated. 
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plates  may  be  used  singly  by  removing  the  other.  The  different  con- 
nexions of  the  plates  with  the  associated  cells  may  easily  be  made  by 
wires  passing  between  the  mercury  cups. 

The  whole  arrangement  of  the.  ten  cells  with  the  graduated  glass 
jars  is  exhibited  in  the  figure  176.  They  are  placed  upon  a stand, 
abed  ef^  and  the  connexions  between  them  are  easily  made  and  varied 
by  the  mercury  cups,  i p k g,  &:c. 

Daniell  observes,  that  however  accurately  it  may  be  endeavoured 
to  assimilate  the  cells  to  each  other,  it  will  be  found  that  when  connected 
as  single  circuits,  either  singly  or  together,  the  action  of  each  will  differ; 
but  upon  connecting  them  so  as  to  form  a single  circular  series,  these 
inequalities  will  disappear,  and  the  amount  of  gas  from  each  in  equal 
times  will  be  equal.  When  the  cells  are  combined  together  in  pairs,  two 
adjoining  platinum  plates  being  connected,  and  two  corresponding  zinc 
plates,  and  the  five  pairs  are  afterwards  arranged  in  series  by  wires 
leading  from  each  pair  of  zinc  to  the  next  pair  of  platinum,  the  irregu- 
larity of  the  action  will  again  disappear.  The  arrangement  is  equivalent 
to  a series  of  five  plates  of  double  the  standard  size,  and  the  amount  of 
force  which  circulates  is  determined  by  the  least  efficient  pair. 


‘‘  Leaving  one  pair  of  cells  thus  connected,  if  the  others  be  disunited 
and  recombined  with  it  in  single  series,  the  effect  will  be  that  of  a plate 
of  double  size,  interposed  in  a compound  circuit  with  eight  single.  The 
gas  collected  in  each  of  the  jars  of  the  double  cell  will  be  exactly  half  of 
that  in  the  several  jars  of  the  single  cells;  proving  that  the  double  plate 
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is  reduced  in  efficiency  to  the  exact  standard  of  the  single  plates  by  its 
combination  with  them. 

“ In  these  arrangements  every  cell  is  a generating  cell,  and  adds  some- 
thing to  the  quantity  or  intensity  of  the  circulating  force ; and  we  see 
that  unequal  quantities  cannot  be  generated  and  circulate  in  different 
parts  of  the  same  circuit.  The  effects  of  various  retarding  or  opposing 
cells  may  be  strikingly  exemplified  by  the  same  apparatus.  For  this 
purpose  the  cells  may  be  connected  together  in  single  series,  substituting 
in  one  a platinum  plate  for  the  zinc;  and  the  obstacle  will  then  react 
upon  the  whole  series ; the  action  will  be  found  to  be  reduced  by  more 
than  one-third,  and  the  quantities  of  gas  collected  from  each  generating 
cell  will  be  exactly  equal  to  that  collected  from  the  retarding  cell.  Upon 
repeating  the  experiment  with  a similar  change  in  the  next  cell,  the 
quantity  of  hydrogen  in  all  the  jars  will  be  equal,  but  reduced  to  little 
more  than  one-tenth,  and  the  current  will  be  apparently  stopped  by  three 
retarding  cells  to  seven  generating  cells.” 

Daniell  also  observes,  that  “ when  one  of  the  zinc  plates  is  re- 
moved from  the  regular  series,  and  replaced  by  a platinum  plate  which 
has  been  previously  coated  with  copper  by  the  influence  of  hydrogen 
evolved  in  a circuit,  the  phenomena  are  striking  and  instructive.  No  gas 
will  at  first  be  evolved  from  the  coppered  plate,  but  it  will  oxidate,  and 
the  progress  of  the  oxidation  may  be  traced  by  the  gradual  blackening  of 
its  surface.  The  oxide,  again,  will  be  gradually  dissolved,  and  the  bright 
white  surface  of  the  platinum  will  make  its  appearance,  and  oxj'gen  gas 
will  begin  to  rise  from  it.  At  that  moment  the  current  will  receive  a 
check,  which  will  be  appreciable  in  all  the  air-jars. 

“This  mode  of  measuring  the  amount  of  current  affinity  by  its  chemical 
effects,  has  been  applied  in  the  construction  of  instruments,  to  which  the 
name  of  Yolta-meter  has  been  given.  They  consist,  in  fact,  of  an  inde- 
pendent closed  cell,  with  two  platinum  plates,  from  which  the  gas  may  be 
conveniently  collected  and  measured  with  great  accuracy.  They  may 
be  readily  included  in  any  circuit,  and,  although  they  check  the  current 
in  all  its  parts,  they  accurately  measure  the  amount  which  passes  through 
them. 

“When  a Yolta-meter  is  substituted  for  one  of  the  ten  cells,  and 
the  nine  have  a portion  of  nitric  acid  added  to  their  charge,  the 
quantity  of  hydrogen  evolved  from  their  conducting  plates  is  greatly 
diminished,  and  becomes  irregular ; but  the  quantity  of  hydrogen  in- 
dicated by  the  instrument  is  nearly  treble  that  of  the  cells  with  their 
original  charge. 

“ By  observations  made  in  this  manner,  it  will  be  soon  found  that  the 
action  of  such  a compound  circuit  is  not  constant ; and  that  it  will  gradu- 
ally decline  by  a quantity  which  will  be  quite  appreciable  at  intervals  of 
five  minutes.  By  breaking  the  connexion  for  a short  period,  its  energy 
will  be  partially  recovered,  but  will  again  decline  as  the  action  is  renewed. 
Upon  allowing  the  charge  nearly  to  exhaust  itself,  it  will  be  seen  that  the 
platinum  plates  have  become  incrusted  with  metallic  zinc,  originating, 
doubtless,  from  the  oxide  of  zinc  formed  at  the  generating  plates,  and 
reduced  by  adhering  hydrogen  at  the  conducting  plates.  Its  varying 
quantity  and  accumulation  are  amply  sufficient  to  account  for  the 
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variation  and  ultimate  annihilation  of  the  circulating  force;  for  zinc 
thus  becomes  opposed  to  zinc,  and  the  circuit  is  destroyed.  The 
momentary  breaking  of  the  connexion  allows  the  acid  to  dissolve  otF 
the  zinc,  which  being  in  contact  with  the  platinum  is  most  favor- 
ably disposed  for  this  local  action,  and  upon  restoring  it,  the  circu- 
lation returns  to  its  first  amount,  but  again  speedily  declines  from  the 
same  cause 

Ail  the  forms  of  voltaic  apparatus  above  described,  as  well  as 
others  which  have  been  dev-ised,  are  open  to  the  serious  objection  of  in- 
constancy of  action  ; many  causes,  some  of  which  are  obvious  from  the  de- 
scription just  given  of  the  ‘"‘dissected  battery”  co-operate  to  render  their 
power  uncertain,  and  in  all  it  decreases  in  consequence  of  the  decreasing 
chemical  energy  of  the  interposed  liquid  upon  the  generating  plate ; so 
that  many  researches,  in  which  not  only  the  continuous  but  the  equal 
action  of  an  electrical  current  during  several  hours  was  required,  could 
not  be  undertaken.  This  obstacle  to  the  progress  of  electro-chemical 
science  has  been  obviated  by  the  invention  of  the  “"constant  battery” 
contrived  also  by  Professor  Daniell.  {Phil.  Trans. ^ 1836,  p.  11 7-)  He 
describes  it  as  follows.  {Introd.y  § 737«)  ^ cell  of  this  battery  con- 

sists of  a cylinder  of  copper  3^  inches  in  diameter,  which  experience  has 
proved  to  afford  the  most  advantageous  distance  between  the  generating 
and  conducting  surfaces,  but  which  may  vary  in  height  according  to  the 
power  which  it  is  wished  to  obtain.  A membranous  tube,  formed  of  the 
gullet  of  an  ox,  is  hung  in  the  centre  by  a collar  and  circular  copper  plate 
resting  upon  a rim  placed  near  the  top  of  the  cylinder ; and  in  this  is 
suspended,  by  a wooden  cross  bar,  a cylindrical  rod  of  amalgamated  zinc 
lialf  an  inch  in  diameter f.  The  cell  is  charged  with  a mixture  of  8 parts 
of  water  and  1 of  oil  of  vitriol  which  has  been  saturated  with  sulphate  of 
copper ; and  portions  of  the  solid  salt  are  placed  upon  the  upper  copper 
plate,  which  is  perforated  like  a colander  for  the  purpose  of  keeping  the 
solution  always  in  a state  of  saturation.  The  internal  tube  is  filled  with 
the  same  acid  mixture  without  the  copper.  A tube  of  porous  earthen- 
ware may  be  substituted  for  the  membrane  with  great  convenience,  but 
probably  with  some  little  loss  of  power.  A number  of  such  cells  admit 
of  being  connected  together  very  readily  into  a compound  circuit,  and 


* There  are  many  important  points  re- 
lating to  the  construction  of  the  voltaic 
apparatus  and  to  the  theory  of  its  action, 
which  are  necessarily  omitted  in  this  out- 
line of  the  subject;  such,  for  instance,  as 
the  relative  dimensions  of  the  generating  as 
compared  with  the  conducting  plates  of  the 
series,  and  the  various  resistances  to  the 
circulation  of  the  electricity.  Upon  these 
points  I must  refer  the  reader  to  the  papers 
of  Professors  Faraday  and  Daniell,  printed 
in  the  Philosophical  Transactions ; and  to 
Daniell’s  Introduction  to  the  Study  of 
Chemical  Philosophy , second  edition.  For 
the  application  of  Ohm’s  mathematical  for- 
mulae to  these  inquiries,  I may  also  refer  to 
Daniell’s  Introduction,  p.  487. 


*h  In  this  battery  the  local  action  of  the 
sulphuric  acid  on  the  zinc  is  prevented  by 
its  amalgamation,  which  causes  a film  of 
hydrogen  to  adhere  to  it  so  long  as  the 
circuit  is  incomplete.  MUen  complete,  this 
hydrogen  goes  over  to  the  copper,  and  by 
adhering  to  it  interferes  with  the  passage  of 
the  electricity;  but  the  presence  of  the 
oxide  of  copper  of  the  sulphate  tends  by 
secondary  action  to  get  rid  of  this  hydrogen, 
which  is  employed  in  reducing  the  oxide; 
and  successive  films  of  metallic  copper  are 
thus  thrown  down  upon  the  copper,  and  a 
clean  metallic  surface  always  preserved; 
while  the  deposition  of  copper  upon  the 
zinc  plate  (which  would  cause  numerous 
small  secondary  circles)  is  prevented  by  the 
diaphragms. 
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will  maintain  a perfectly  equal  and  steady  current  for  many  hours 
together,  with  a power  far  beyond  that  which  can  be  produced  by  any 
other  arrangement  of  a similar  quantity  of  the  metals.” 

A section  of  one  of  the  cells  of  this  constant  battery  is  represented  in 
the  annexed  cut  (fig.  177);  ah  c dis  o.  copper  cylinder,  in  which  is  placed 

a smaller  cylinder  of  porous  earthenware.  Upon  the 
upper  part  of  the  copper  cylinder  rests  a perforated 
colander,  i through  which  the  earthenware 
cylinder  passes.  I m is  a cast  rod  of  amalgamated 
zinc,  resting  upon  the  top  of  the  interior  cylinder 
by  a cross  piece  of  wood,  and  forming  the  axis  of 
the  arrangement.  The  cell  is  charged  by  pouring 
into  the  earthenware  cylinder  water  acidulated  with 
one-eighth  part  of  its  hulk  of  oil  of  vitriol,  the 
space  between  the  earthenware  tube  and  the  copper 
being  filled  with  the  same  acidulated  water  satu- 
rated with  sulphate  of  copper ; and  solid  sulphate 
d of  copper  being  placed  in  the  colander. 

A number  of  such  cells  may  be  connected  into 
a compound  circuit,  by  wires  attached  to  the  copper  cylinders,  and  fastened 
to  the  zinc  rods  by  clamps  and  screws,  as  shown  in  fig.  1 78. 


g h 


In  the  common  battery,  charged  as  it  usually  is  with  a mixture  of 
sulphuric  and  nitric  acid  diluted  with  water,  much  local  action  takes 
place  upon  the  zinc  plates  without  contributing  to  the  circulating  forces, 
and  whilst  it  is  in  action  the  oxide  of  zinc  is  reduced  by  the  copper 
plate.  In  Daniell’s  battery  these  effects  are  avoided ; the  local  action 
is  prevented  by  the  amalgamation  of  the  zinc  rod,  and,  upon  the  copper, 
nothing  but  copper  can  be  precipitated. 

Among  the  other  modifications  of  the  voltaic  battery,  which  have 
been  suggested,  there  are  several  which  deserve  the  attention  of  the 
practical  chemist,  especially  those  called  after  their  inventors,  Smees 
Battery  and  Grove’s  Battery, 
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In  Smee’s  battery  {Phil.  Mag..,  1840),  a detailed  description  of  which 
is  given  in  his  Elements  of  Electro-metallurgy  (2d  Ed.  p.  23),  the  plates 
consist  of  amalgamated  zinc,  and  either  silver  or  platinum  covered  with 
a deposit  of  pulverulent  platinum,  by  which  a permanent  rough  surface 
is  obtained,  favoring  the  escape  of  the  bubbles  of  hydrogen  gas  evolved 
upon  it,  the  adhesion  of  which  to  the  platinum  or  silver  in  their  ordinary 
state,  is  an  impediment  to  the  action  of  the  battery. 

Platinized  silver  is  generally  employed,  the  platinum 
being  thrown  down  by  electro-chemical  action  upon 
the  surface  of  the  silver  plate.  A single  cell  of  this 
battery  is  represented  in  fig.  179.  a is  an  earthen- 
ware or  glass  vessel,  containing  the  dilute  acid  (1  of 
sulphuric  acid  to  7 of  water)  ; w is  a bar  of  wood 
to  which  the  platinum  plate  s is  attached:  zz  are  two 
plates  of  amalgamated  zinc,  secured  to  the  bar  by  the 
binding-screw  /?,  and  another  binding- screw  is  soldered 
to  the  platinized  plate  for  the  convenience  of  making 
connexions  by  wires.  When  a series  of  these  batteries 
are  employed,  they  are  generally  adapted  to  a porcelain 
trough  similar  to  that  already  described,  (fig.  173.)  For  many  purposes 
of  experiment,  and  especially  in  electro-metallurgy,  these  batteries  are 
extremely  convenient. 

The  Nitric  acid  Battery  of  Professor  Grove  {Phil.  Mag..,  1839  and 
1841,  vol.  xviii.  234)  is  an  extremely  valuable  instrument,  both  to 
the  lecturer  and  the  experimentalist : it  combines  great  power  both  of 
quantity  and  intensity : it  occupies  little  space ; it  is  free  from  the  in- 
conveniences of  local  action,  and  therefore  so  far  a constant  battery;  and 
is  upon  the  whole  more  economical  than  any  other  form  of  the  appa- 
ratus combining  the  same  attributes.  The  sections  of  two  cells  of  this 
battery  are  represented  in  the  annexed  cut  (fig.  180). 

The  outer  vessel  v is  a flat  cell  of  glazed  porcelain,  containing  within 
it  another  similarly  shaped,  but  smaller  and  thinner  cell  c of  jjorous 
earthenware.  A flat  plate  of  amalgamated 
zinc,  z,  is  bent  so  as  to  receive  the  porous 
cell ; a plate  of  thick  platinum  foil,  p,  being 
contained  within  the  latter,  and  long  enough 
to  extend  to  the  projecting  end  of  the  zinc 
plate  of  the  next  cell,  perfect  contact  being  there 
preserved  by  the  cleft  piece  of  wood  w.  The 
inner  porous  cell  is  charged  with  strong  nitric 
acid  : the  outer  porcelain  cell  with  a mixture 
of  1 part  of  oil  of  vitriol  and  6 of  water.  The 
zinc  being  amalgamated,  there  is,  in  this  appa- 
ratus, as  in  DanielFs,  no  chemical  action  till  the 
current  passes ; and  then  the  evolved  hydrogen 
is  suppressed  by  the  nitric  acid,  which  it 
deoxidizes,  and  converts  into  nitrous  acid, 
gradually  changing  its  color  to  yellow,  green,  and  blue,  and  nitrous 
vapors  are  after  a time  evolved,  which  may  be  easily  carried  off.  By 
occasionally  stopping  the  current,  any  violent  action  of  this  kind  may  be 
prevented,  and  this  it  is  necessary  to  attend  to,  lest  the  effervescence  should 
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occasion  tlie  throwing  over  of  part  of  the  nitric  acid  into  the  outer 
cell.  From  four  to  twenty  of  these  cells  are  sufficient  for  all  the  pur- 
poses of  research  and  illustration,  such  as  the  ignition  of  wires  and 
of  charcoal,  chemical  decompositions,  &c.,  and  are  hy  far  the  most  conve- 
nient form  of  battery  for  the  lecture-table. 

It  has  been  proposed  to  substitute  various  forms  of  indurated  carbon, 
and  plumbago,  for  the  platinum  in  the  construction  of  these  batteries 
(Cooper,  Phil.  Mag..,  Jan.  1840 ; Bunsen,  Electr.  Mag.,  I.  16) ; but 
hitherto  so  much  inconvenience  has  attended  the  use  of  such  materials, 
that  they  have  not  been  generally  adopted. 

Professor  Grove  has  invented  another  voltaic  arrangement,  termed  a 
gas  battery  (Phil.  Trails..,  1843),  which,  theoretically  considered,  is  of  much 
interest.  The  action  of  preceding  arrangements  may  generally  be  referred 
to  the  decomposition  of  water,  the  oxygen  of  which  combines  with  the  zinc, 
and  the  hydrogen  is  either  evolved  or  otherwise  disposed  of.  In  the  gas 
battery  the  converse  action  takes  place,  and  the  electricity  is  apparently 
produced  hy  the  combination  of  oxygen  with  hydrogen,  or  by  the  formation 
of  w ater.  One  of  the  forms  of  a cell  of  this  battery  is  showm  in  fig.  1 81.  b 
is  a bottle  with  three  necks;  the  central  opening  may  be  occasionally  closed 
hy  a stopper  s,  and  into  each  of  the  others  the  tubes  o h are  fitted  by  grind- 
ing ; each  tube  includes  a strip  of  platinized  platinum, 
connected  with  the  wires  w,  and  the  tube  h is  double 
the  capacity  of  o.  The  apparatus  is  charged  by  filling 
the  vessel  and  tubes  with  dilute  sulphuric  acid,  and 
then  by  a bladder  and  bent  tube  throwing  up  hydrogen 
into  H,  and  oxygen  into  o.  If  the  wires  w be  now^ 
connected  with  a galvanoscope,  an  electrical  current 
is  indicated ; and  when  several  series  are  combined, 
by  connecting  the  oxygen  tube  of  one  cell  with  the 
hydrogen  tube  of  the  next,  and  so  on,  while  the  ter- 
minal wires  are  connected  with  a voltameter,  it  is 
found  that  the  oxygen  and  hydrogen  evolved  is  exactly 
equal  to  the  respective  quantities  of  those  gases 
absorbed  by  the  act  of  combination  in  each  tube.  It 
would  appear,  therefore, that  wdien  this  circuit  is  closed, 
an  atom  of  oxygen  combines  wdth  one  of  hydrogen  in 
the  atom  of  water  in  contact  with  it ; that  the  oxygen 
of  this  atom  of  water  combines  with  the  hydrogen  of 
the  next,  and  so  on,  till  the  last  atom  of  oxygen  coming  into  contact  with 
the  hydrogen  in  the  tube  h there  combines  with  it,  so  that  ultimately 
an  atom  of  water  is  formed  by  the  union  of  an  atom  of  hydrogen  from 
one  tube  with  an  atom  of  oxygen  from  the  other,  and  vice  versa.  This 
operation  continues  till  the  gases  are  consumed ; and  the  water  decom- 
posed in  the  voltameter,  is,  as  we  have  said,  equal  to  that  composed  in 
each  cell.  Some  other  gases  may  be  occasionally  substituted  for  the 
hydrogen  and  oxygen. 

The  electro-jiolar  state  of  the  voltaic  battery,  that  is,  the  state  of  its 
extremities  wffien  unconnected,  resembles  that  of  De  Luc’s  column,  and 
although  the  intensity  of  its  electricity  is  in  general  feeble,  it  may  be 
rendered  evident  by  a gold-leaf  electrometer,  or  by  the  condenser,  or  by 
the  form  of  electrometer  represented  in  fig.  165,  in  wdiich  one  of  the 
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leaves  ])eing  connected  with  one  extremity,  and  the  other  with  the  oppo- 
site extremity  of  the  battery,  will  become  mutually  attractive.  These 
effects  of  tension^  as  belonging  to  the  voltaic  pile,  are  best  observed  when 
the  alternations  are  very  numerous,  the  troughs  well  insulated,  the  plates 
perfectly  clean,  and  charged,  not  with  acid,  but  with  Water.  This  I had 
a good  opportunity  of  witnessing  in  a large  battery  of  2000  double  plates, 
constructed,  under  the  direction  of  Mr.  Pepys,  for  the  London  Institution. 
When  quite  new  and  clean,  it  was  insulated  upon  wine-bottles,  and 
charged  with  river- water ; it  gave  a shock  resembling  that  of  a Leyden 
phial,  and  required  some  time  to  recharge  itself;  the  sparks  were 
feeble,  but  it  was  permanently  active  upon  the  electrometer,  and  a 
pith  ball  attached  by  a thread  to  its  positive  pole  was  attracted  by 
another  attached  to  its  negative  pole ; it  also  communicated  a charge 
to  a Leyden  battery,  when  the  wires  from  its  extremities  were  re- 
spectively connected  with  the  inner  and  outer  surfaces  of  the  jars. 
But  with  all  this  manifestation  of  intensity,  the  energies  depending 
upon  quaniity  were  very  feeble  so  long  as  it  was  only  charged  with 
Avater. 

Mr.  Crosse  and  Mr.  Gassiot  have  constructed  extensive  water  bat- 
teries, that  of  Mr.  Gassiot  consisting  of  3520  pairs ; the  cells  are  glass 
varnished  with  shell-lac  and  well  insulated ; the  metals  are  cylinders  of 
zinc  and  copper,  kept  apart  by  string;  the  exciting  liquid,  distilled  ivater. 
With  this  arrangement,  sparks  pass  before  the  contact  of  the  poles,  and 
the  phenomena  of  tension  are  all  very  evident.  (Phil.  Trans..,  1840.) 

Much  ambiguity  occasionally  arises  out  of  the  indefinite  meaning 
attached  to  the  terms  positive  and  negative,  in  speaking  of  the  direction 
of  the  electric  current,  and  in  reference  to  the  elements  of  the  voltaic 
battery:  I shall,  therefore,  endeavour  here  to  define  those  terms  in  the 
sense  in  which  I always  employ  them. 

Whenever  a body  is  in  the  electric  state  it  is  either  positive  (as  glass 
rubbed  by  silk),  or  negative  (as  resin  rubbed  by  flannel),  to  every  other 
body.  If  in  the  positive  state  in  respect  to  these  other  bodies,  electricity 
tends  to  pass  from  it  to  them;  (that  is,  according  to  the  conventional 
phrases  noAV  in  use,  and  about  Avhich  there  can  be  no  mistake  if  we  turn 
from  them  to  the  facts  Avhich  they  are  intended  to  represent;)  and  if  in 
the  negative  state  Avith  respect  to  them,  electricity  tends  to  pass  from  them 
to  it.  So  also  the  passage  or  current  of  electricity  (the  direction  of  Avhich 
may  be  determined  by  the  effects  Avhich  it  produces)  is  always  from 
the  positive  to  the  negative,  AA^hether  Ave  speak  of  masses  of  matter,  or  of 
particles,  or  of  the  parts  of  Avires,  liquids,  or  other  media,  through  Avhich 
the  electricity  is  moving. 

In  the  common  or  frictional  electrical  machine,  the  rubber  r (fig.  182) 
imparts  electricity  to  the  glass  g,  so  that  the  surface  of  the  rubber  at  p is 
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'positive  to  the  rubbing  glass,  but  negative  elsewhere  to  bodies  brought 
towards  it  through  the  atmosphere.  The  conductor  c is  negative  at  n in 
relation  to  the  excited  glass,  or  in  a condition  to  receive  electricity ; and 
having  received  electricity,  it  becomes  positive  at  p and  elsewhere,  in 
relation  to  bodies  to  which  it  can  give  electricity.  Speaking,  therefore, 
of  the  electrical  current^  it  may  be  said  to  pass  from  the  surface  p of  r 
over  to  N of  c,  and  from  p of  c forward  in  the  direction  of  the  darts,  so 
that  p would  be  the  positive  pole  (anode  or  anelectrode)  and  n the 
negative  pole  (cathode  or  cathelectrode)  of  the  conductors  r and  c,  and  so 
on  in  regard  to  the  other  conductors  n p,  &c. 

In  the  “ simple  galvanic  circle’’  (fig.  183)  z repre- 
senting a plate  of  zinc,  and  s a plate  of  silver  con- 
nected by  a wire,  and  immersed  in  a vessel  of  water 
acidulated  by  sulphuric  acid,  the  current  of  electricity 
passes  from  z across  the  liquid  to  s,  and  thence, 
through  the  connecting  wire,  to  z;  so  that  z represents 
the  positive  surface  in  relation  to  s through  the  acid, 
and  s tlie  negative  surface  in  relation  to  z through  the  acid. 

In  the  arrangement  (fig.  184)  the  current 
would  pass  from  z,  or  the  positive  surface,  to  s, 
or  the  negative  surface,  and  from  s would 
traverse  in  the  direction  of  the  darts ; so  that  p 
would  represent  the  positive  pole,  or  the  anode; 
and  N the  negative  pole,  or  the  cathode.  The 
active  metal  is  always  the  positive,  or  genera- 
ting metal,  upon  which  oxygen,  chlorine,  and 
other  anions  (electro-negative  bodies)  are 
evolved.  The  inactive  or  passive,  or  as  it  is  sometimes  called,  conducting 
metal,  is  negative,  and  upon  it  hydrogen  and  the  metals  and  other  cations 
(electro-positive  bodies)  are  evolved,  in  all  cases  of  electrolytic  action.  If, 
in  these  arrangements,  a liquid  were  substituted  for  the  dilute  sulphuric 
acid,  which  would  act  upon  the  silver  and  not  upon  the  zinc,  the  current 
would  then  be  inverted,  and  the  silver  become  the  generating  or  positive 
metal,  and  the  zinc  the  receiving  or  negative  metal. 

In  fig.  185,  which  represents  a compound  circle,  the  direetion  of  the 
current  is  from  z to  s in  vessel  I across  the  dilute  acid,  and  from  this  s to 
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z in  vessel  2,  through  the  connecting  wire;  again  from  z to  s through  the 
liquid  in  vessel  2,  and  from  p to  n in  vessel  3,  and  onwards  from  n 
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through  the  connecting  wire  to  z in  vessel  I.  It  is  here  assumed  that 
tlie  metallic  plates  in  vessels  1 and  2 are  respectively  zinc  and  silver 
immersed  in  the  dilute  acid,  and  that  in  vessel  3 they  are  of  platinum 
immersed  in  the  same  acid.  In  the  vessels  I and  2,  the  oxygen  of  the 
electrolyte  combines  with,  and  tends  to  the  solution  of  the  zinc,  which 
has  therefore  been  called  the  active^  and  is  the  positive  metal ; the 
hydrogen  escapes  from  the  surface  of  the  silver,  which  is  not  acted  upon, 
and  which  is  therefore  the  passive  or  negative  metal.  In  vessel  3,  where 
the  plates  are  of  platinum,  neither  is  acted  on,  but  oxygen  is  given  off 
upon  p (which  corresponds  to  z in  vessels  I and  2),  because  it  is  the 
positive  pole;  and  hydrogen  is  given  off  upon  N (corresponding  to  s in 
vessels  I and  2),  it  being  the  negative  pole.  The  extra  plates  s s and 
zz  in  the  ordinary  construction  of  the  apparatus  show  why  such  zinc 
end  of  the  arrangement  has  often  been  designated  as  the  positive  end, 
and  the  corresponding  silver  end  as  the  negative.  These  extra  plates 
are  merely  attached  for  the  convenience  of  carrying  on  the  series,  and  as 
far  as  the  present  diagram  is  concerned,  might  obviously  be  dispensed 
with. 

The  termination  of  the  conductors  or  wires  connected  with  the 
opposite  ends  of  the  voltaic  battery,  are  commonly  termed  its  positive  and 
negative  poles^  a term  which  becomes  objectionable  when  we  ascribe  to 
them  certain  attractive  and  repulsive  powers,  and  other  effects  which  are 
the  result,  not  of  forces  residing  in  the  poles^  but  of  the  passage  or  current 
of  electricity ; the  potes^  as  they  are  usually  termed,  are  merely  the  surfaces 
by  which  the  electricity  comes  in  and  goes  out;  they  act  simply  as  a path 
or  door  to  the  electric  current:  in  place  of  the  term  pole^  therefore,  Fara- 
day uses  electrode  (from  rjXe/crpov  and  0809  a way)  meaning  thereby  that 
substance  or  surface^  fvhether  of  air^  water^  or  ynetal^  which  bounds  the 
extent  of  the  decomposing  matter^  or  electrolyte^  in  the  direction  of  the 
electric  current.  The  place  at  which  the  electricity  enters  the  electrolyte, 
he  terms  the  anode.,  that  at  which  it  leaves  it,  cathode,  in  reference,  if  we 

suppose  the  current  of  electricity 
to  follow  the  passage  of  the  sun, 
(that  is,  to  pass  from  east  to  west,) 
in  its  rising  and  setting.  If,  for 
instance,  we  suppose  a current  of 
electricity  traversing  a wire  in  the 
direction  of  the  darts  in  the  an- 
nexed diagram,  and  entering  at  e,  then,  on  separating  the  wire  at  jj,  p'  p'' 
would  become  its  poles  or  electrodes;  and  //  would  be  the  positive,  or 
emitting  electrode,  or  the  anelectrode ; and  p"  the  negative  or  receiving 
electrode,  or  the  cathelectrode.  e being  the  wire  which  (in  common  lan- 
guage) is  connected  with  the  zinc  end,  and  w^  that  connected  with  the 
copper  end  of  the  battery.  Such,  therefore,  is  the  meaning  which  must 
be  attached  to  the  term  poles.  And,  supposing  the  chain  of  circles  c a 
to  represent  the  electrolyte,  a would  be  its  anode,  and  c its  cathode.  By 
some,  the  plate  which  occupies  the  place  of  the  generating  plate  in  the 
battery,  has  been  called  the  zincode,  and  the  conducting  plate  has  been 
distinguished  as  the  platinode. 

Wlien  a powerful  voltaic  battery  is  in  good  action,  the  following  effects 
are  perceived.  On  making  the  communication  between  its  extremities 
Yol.  I.  P 
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by  charcoal  points,  a vivid  light  and  intense  heat  are  produced ; and,  on 

slowly  withdrawing  the 
points  from  each  other, 
a constant  current  of 
electricity  passes  be- 
tween them;  producing 
an  arc  of  light  of  such 
intensity  as  scarcely  to 
be  borne  by  the  unprotected  eye,  and  of  the  form  repre- 
sented by  figure  187«  When  the  charcoal  points  are  gra- 
dually withdrawn  from  each  other  in  a vessel  exhausted  of 
the  greater  portion  of  its  air,  as  in  the  apparatus  represented 
by  figure  188,  the  effect  is  even  more  brilliant.  (On  the 
intensity  of  this  light,  see  MM.  Fizeau  and  Foucault, 
Ann.  Ch.  et  Ph..,  July,  1844.) 

The  extreme  intensity  of  the  heat.^  in  this  arc  of  flame, 
is  rendered  evident  by  exposing  in  it  very  difficultly  fusible 
substances,  which  readily  melt : even  substances  infusible 
by  almost  all  ordinary  methods  are  thus  liquified. 

When  gold,  silver,  zinc,  or  copper  leaf  are  interposed 
between  the  poles,  they  are  ignited  and  burned ; and  line 
wires  are  heated  red  or  white-hot,  according  to  their  lengths 
and  diameters : with  an  iron  wire  the  combustion  is  extremely 
brilliant.  All  these  effects  upon  good  conductors,  depending  chiefly 
upon  quantity  of  electricity,  are  most  effectively  produced  by  large  plates. 
A formidable  battery  of  this  kind  was  constructed  by  Mr.  Children. 
{Phil.  Trans..^  181.5.)  The  plates  were  two  feet  eight  inches  wide,  and 
six  feet  high,  the  copper  being  opposed  to  both  surfaces  of  the  zinc:  they 
were  properly  fastened  to  a beam  of  wood,  suspended  by  counterpoises 
from  the  ceiling  of  the  laboratory,  so  as  to  be  readily  and  safely  immersed 
into,  or  removed  from,  the  cells  of  acid,  which  were  twenty-one  in  number, 
and  their  united  capacities  amounted  to  945  gallons.  A leaden  pipe, 
three-fourths  of  an  inch  diameter,  was  attached  to  the  extreme  plate  at 
either  end,  and  immersed  into  separate  basins  of  mercury,  by  means  of 
which  perfect  metallic  contact  was  ensured.  The  charge  consisted  of 
a mixture  of  nitric  and  sulphuric  acids,  with  thirty,  or  occasionally  only 
twenty,  parts  of  water. 

When  the  poles  of  this  arrangement  were  united,  as  shown  in  figure 

189,  by  a platinum  wire  eleven- 
hundredths  of  an  inch  diameter, 
it  became  red-hot  for  a length 
of  five  feet  six  inches.  In  the 
same  way,  it  ignited  eight  feet 
six  inches  of  the  same  wire  of 
forty-four  hundredths  of  an 
inch ; and  a bar  of  platinum, 
one -sixth  of  an  inch  square, 
and  two  and  a quarter  long, 
was  not  only  heated  to  bright  redness,  but  fused  at  the  end.  A number 
of  intractable  and  very  difficultly  fusible  substances,  submitted  to  the 
high  temperature  occasioned  by  the  discharge  of  this  battery  through 
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charcoal  points,  exhibited  indications  of  the  most  intense  heat;  l)ut 
perhaps  the  most  interesting  results  were  obtained  by  transmitting  the 
electricity  through  cUfferenl  metallic  wires.  For  this  purpose  either  single 
wires,  or  wires  of  dissimilar  metals,  were  used,  of  equal  diameter  and 
length : one  end  of  each  was  in  contact  with  one  of  the  basins  of  mercury 
communicating  with  the  poles  of  the  battery,  and  the  other  end  bent  to  an 
angle,  and  the  wires  connected  continuously  by  hooking  them  together. 
The  length  of  each  wire  was  eight  inches,  and  the  diameter  one-thirtieth 
of  an  inch. 

Platinum  and  gold  being  thus  connected,  the  platinum  was  made  red- 
hot,  whilst  the  gold  remained  unaffected.  With  a similar  arrangement  of 
gold  and  silver  wires,  the  gold  was  ignited,  the  silver  not.  With  gold 
and  copper,  both  metals  were  equally  heated  to  redness.  With  gold  and 
iron,  the  iron  was  ignited,  the  gold  not  affected.  With  alternations  of 
platinum  and  silver  three  times  repeated,  all  the  platinum  wires  Avere 
ignited  but  none  of  the  silver. 

These  experiments,  Avhich  may  be  made  Avith  a less  poAverful  battery, 
are  extremely  beautiful  and  instructive,  especially  the  last : for  this  pur- 
pose select  some  fine  silver  and  platinum  Avire,  and  cut  it  into  lengths  of 
about  tAvo  inches;  then  form  a continuous  wire  by  joining  these  lengths 
endAAays,  in  alternate 


order,  and  suspend  it 
in  a festoon  betAA^een 
tAvo  thick  copper  Avires, 
forming  the  poles  of  the 
battery,  as  in  fig.  190, 
having  previously  tem- 
porarily united  these  poles  by  a thick  copper  AAure,  as  is  shoAvn  at  a in 
fig.  189 ; on  removing  the  latter,  the  electricity  traverses  the  compound 
Avire,  and  occasions  the  ignition  of  the  platinum  portions  of  it  only,  the 
silver  being  merely  heated.  The  object  of  uniting  the  poles  by  a thick 
copper  Avire,  Avhilst  the  compound  Avire  is  being  attached,  is  to  prevent  the 
sudden  fusion  of  the  latter  at  the  point  of  contact,  AA'hich  often  happens 
Avhen  this  precaution  is  not  taken. 

The  cause  of  these  appearances  AA^as  referred  by  Mr.  Children  to  the 
different  condiictbig  jyowers  of  the  metals ; that  platinum  conducts  elec- 
tricity less  perfectly  than  silver,  and  that,  consequently,  the  electricity, 
meeting  Avith  greater  resistance  in  its  passage  through  that  metal,  makes 
it  red  or  even  white  hot;  Avhile,  on  the  other  hand,  passing  Avith  com- 
parative facility  through  the  silver,  it  is  much  less  heated.  It  is  obvious 
that  this  explanation  rests  upon  the  supposition,  that  resistance  to  the 
passage  of  electricity  occasions  the  development  of  heat;  and  as  this  must 
be  inversely  as  the  conducting  poAver,  AAdien  any  tAvo  of  the  Avires,  con- 
nected continuously,  are  placed  in  the  circuit,  that  which  is  the  Avorst 
conductor  must  be  most  heated ; and  silver,  therefore,  which  is  the  best 
conductor,  is  not  heated  red  Avhen  connected  Avith  any  other  metal. 

Mr.  Daniell  has  described  {Phil.  Trans..,  1839,  p.  92)  the  poAverful 
effects  of  a constant  battery  of  70  cells.  The  flame  formed  a continuous 
arch  of  three-fourths  of  an  inch,  Avhich  striking  distance  was  not  increased 
in  vacuo:  it  Avas  dangerous  to  the  eye,  even  AAdien  protected  by 
colored  glasses,  producing,  Avhen  reflected  from  an  imperfect  parabolic 
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mirror  in  a lantern,  inflammation  and  a scorching  like  that  of  the  sun:  the 
rays  were  collected  into  a focus  by  a glass  lens,  and  readily  burned  paper 
at  many  feet  from  their  source.  The  heat  was  intolerable  to  the  hand 
when  held  near  the  lantern.  Paper,  steeped  in  nitrate  of  silver,  was 
quickly  discolored  in  the  light.  The  transfer  of  charcoal  from  the 
positive  to  the  negative  electrode,  produced  a cavity  in  the  former  and  a 
protuberance  upon  the  latter;  and  when  a platinum  rod  was  substituted 
for  the  charcoal  forming  the  negative  pole,  the  transfer  from  the  charcoal 
at  the  positive  pole  still  took  place,  and  the  metal  was  coated  with  carbon, 
beautifully  moulded  to  its  extremity.  When  this  arrangement  was 
reversed,  particles  of  platinum  were  transferred,  and  the  charcoal  on  the 
negative  pole  became  covered  with  globules  of  the  fused  metal.  No 
spark  could  be  made  to  pass  from  one  electrode  to  the  other,  (even  when 
separated  by  the  smallest  stratum  of  air,)  previously  to  the  electrodes 
having  been  brought  into  contact;  but  when  two  brass  balls  formed  the 
poles  w’ithin  a very  minute  distance  of  each  other,  and  the  spark  of  a 
small  Leyden  jar  was  passed  between  them,  then  the  battery  current  was 
immediately  established,  and  the  balls  burned*.  Mr.  Daniell  supposes 
that  the  Leyden  discharge  transferred  the  conducting  matter  (particles  of 
brass  in  this  case),  which  was  essential  to  the  existence  of  the  voltaic 
flame,  and  which  was  afterwards  supplied  by  its  own  energy.  The  arch 
of  flame  was  attracted  and  repelled  by  the  poles  of  a magnet,  and  it 
rotated  when  the  flame  was  drawn  from  the  pole  of  the  magnet  itself 
included  in  the  circuit.  The  intensity  of  heat  on  the  side  of  the  posi- 
tive electrode  was  much  greater  than  that  of  the  negative.  When  two 
stout  copper  wires  of  one-fifth  of  an  inch  diameter  were  connected  Avith 
the  extremities  of  the  battery,  and  held  across  each  other,  so  that  the  flame 
passed  between  them,  the  wire  at  the  positive  end  became  red-hot,  while 
the  other  remained  comparatively  cool.  A bar  of  platinum,  one- eighth 
of  an  inch  square,  melted  into  globules  in  the  former  situation,  but 
showed  no  signs  of  fusion  in  the  negative  electrode.  When  the  positive 
electrode  was  formed  of  the  hard  carbon  taken  from  a gas-retort,  and  a 
cavity  ground  in  it,  the  most  infusible  metals  placed  in  it  were  melted  in 
considerable  quantities.  Rhodium,  the  native  alloy  of  iridium  and 
osmium,  the  native  ore  of  platinum,  and  titanium  Avere  thus  fused. 

The  quantity  and  the  intensity  of  the  electricity  in  the  voltaic  pile  are 
respectively  modified,  as  has  been  stated,  by  the  size  and  number  of  the 
plates,  and  by  the  action  of  the  intervening  liquid.  When  the  zinc 
plates  are  perfectly  clean,  pure  water  produces  certain  electrical  effects; 
these  are  considerably  modified  by  dissolving  common  salt  in  it,  or 
employing  other  saline  liquids;  but  the  dilute  acids  archest  calculated 
to  increase  them.  If,  for  instance,  we  charge  three  single  troughs,  each 
of  ten  pairs  of  plates,  Avith  water,  brine,  and  very  dilute  nitric  acid,  the 
first  will  show  scarcely  any  signs  of  electricity;  the  second  Avill  give  a 
feeble  spark  and  shock;  the  third  Avill  ignite  the  charcoal  points,  pro- 
ducing a continuous  star  of  brilliant  light.  The  first  Avill  not  decompose 


* In  reference  to  the  question  whether 
a spark  can  be  obtained  before  the  circuit 
of  the  voltaic  battery  is  complete,  and  also 
for  a description  of  the  brilliant  effects  of  a 


constant  battery  of  320  series,  see  two 
papers  by  Mr.  Gassiot,  Phil.  Trans.,  1839, 
p.  183,  and  Transactions  of  the  Electrical 
Society. 
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water;  the  second  does  it  feebly;  the  third  rapidly.  It  is  obvious,  there- 
fore, that  with  a small  number  of  plates  highly  charged  (that  is,  with 
dilute  acid),  we  obtain  effects  equivalent  to  those  of  a larger  series  feebly 
charged;  the  experimentalist  must  therefore  regulate  the  strength  of  the 
charge  according  to  the  number  of  plates,  and  the  effects  which  are 
required.  (See  Faraday’s  Researches^  Series  X.) 

All  the  effects  of  eleclrical  intensity^  such  as  affecting  electrometers, 
giving  shocks,  charging  jars,  decomposing  water  and  saline  solutions,  and 
so  forth,  are,  as  above  remarked,  increased  by  increasing  the  number  of 
the  plates,  but  {the  charge  being  in  both  cases  the  same')  the  production  of 
quantity  of  electricity  becomes  dependent  upon  the  extent  of  surface  of 
the  plates.  Thus,  if  a battery  composed  of  thirty  pairs  of  plates,  Uvo 
inches  square^  be  compared  with  another  battery  of  thirty  pairs  of  twelve 
inches  square^  scarcely  any  difference  will  be  perceived  in  their  effects 
upon  bad  and  imperfect  conductors;  their  powers  of  decomposing  water 
and  of  giving  shocks  Avill  be  nearly  similar;  but  upon  good  conductors, 
the  effects  of  the  large  plates  will  be  very  distinct  from  those  of  the  small 
ones ; the  spark,  and  arc  of  light  between  charcoal  points,  will  be  much 
more  intense  and  extensive ; and  when  the  charge  is  transmitted  through 
a fine  platinum  wire,  much  of  it  will  be  heated  red-hot ; an  effect  which 
the  small  plates  are  quite  inadequate  to  produce. 

The  following  experiments  are  adduced  by  Sir  H.  Davy,  as  illustra- 
ting these  relative  effects  of  quantify  and  intensity  in  the  voltaic 
apparatus : — 

Immerse  the  platinum  wires,  connected  with  the  extremities  of  a 
charged  battery  composed  of  twelve-inch  plates,  into  water,  and  it  will  be 
found  that  the  evolution  of  gas  is  nearly  the  same  as  that  occasioned  by 
a similar  number  of  two-inch  plates.  Apply  the  moistened  fingers  to  the 
wires,  and  the  shock  will  be  the  same  as  if  there  were  no  connexion  by 
the  water.  While  the  circuit  exists  through  the  human  body  and  through 
the  water,  let  a wire,  attached  to  a thin  slip  of  charcoal,  be  made  to 
connect  the  poles  of  the  battery,  and  the  charcoal  will  become  vividly 
ignited.  The  water  and  the  animal  substance  discharge  the  electricity 
of  a surface  probably  not  superior  to  their  own  surface  of  contact  with 
the  metals;  the  wires  and  charcoal  discharge  all  the  residuary  electricity 
of  the  plates ; and  if  a similar  experiment  be  made  upon  plates  of  an  inch 
square,  there  will  scarcely  be  any  sensation  when  the  hands  are  made  to 
connect  the  ends  of  the  battery,  a circuit  being  previously  made  through 
water;  and  no  spark  when  charcoal  is  made  the  medium  of  connexion, 
imperfect  conductors  having  been  previously  applied. 

In  all  the  preceding  arrangements  two  metals  and  a fluid  are  concerned 
in  the  evolution  of  the  electric  current,  and  in  the  case  of  zinc,  acid,  and 
copper,  the  zinc  is  termed  the  generating  plate,  being  that  which  is 
oxidized,  and  the  copper  the  conveying  or  conducting  plate;  but,  were  w'e 
to  use  liquids  acting  chemically  upon  the  copper  and  not  upon  the  zinc, 
the  direction  of  the  current  would  be  inverted,  and  the  copper  become 
the  generator,  and  the  zinc  the  conductor. 

It  is,  however,  by  no  means  essential  that  two  metals  should  be 
employed  to  obtain  an  electric  current ; for  if  only  one  metal  be  used, 
different  parts  of  which  are  unequally  acted  on  by  an  acid,  or  other  fluid, 
electricity  will  be  evolved  according  to  the  same  law ; the  portion  of  the 
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metal  most  acted  on  becoming  the  generator  or  positive  element : thus  a 
curreut  is  established  when  a plate  of  new  and  clean  zinc  and  one  of 
oxidized  or  corroded  zinc  are  used,  or  when  one  of  the  plates  is  of  cast 
and  the  other  of  rolled  zinc.  Upon  the  same  principle,  when  a strip  of 
copper,  clean  at  one  end  and  corroded  at  the  other,  is  immersed  in  dilute 
nitric  acid,  an  electric  current  is  produced;  in  all  these  cases  the  surface 
which  is  most  open  to  chemical  action,  corresponds  to  the  zinc,  and  that 
least  so,  to  the  silver  or  copper  of  the  simple  circle  above  described. 

An  electric  current  is  also  manifested  when  a single  plate  of  metal  of 
uniform  surface  is  acted  upon  by  two  fluids  exerting  distinct  chemical 
actions  upon  it.  If,  for  instance,  the  vessel  be  half  filled  with  a strong 
solution  of  sulphate  of  copper,  and  then  carefully  filled  up  with  dilute 
sulphuric  acid,  so  that  the  latter  may  lie  upon  but  not  mix  with  it,  a 
plate  of  iron  immersed  will  be  so  acted  on  as  to  produce  an  electric  cur- 
rent, the  upper  part  becoming  the  equivalent  of  the  zinc,  and  the  lower 
that  of  the  copper  in  the  simple  circle.  A plate  of  copper  immersed  in 
the  same  way  will  produce  a similar  effect,  and  metallic  copper  in  a 
crystalline  form  will  be  deposited  upon  its  lower  end.  These,  and  similar 
phenomena  in  reference  to  the  source  of  poAver  in  the  voltaic  pile,  have 
been  investigated  by  Faraday,  in  the  sixteenth  and  seventeenth 
Series  of  his  “ Experimental  Researches  in  Electricity.”  (Phil.  Trans.. 
1840.) 

§ 12.  Electrolysis. 

Tite  chemical  powers.,  as  they  are  usually  termed,  of  the  voltaic  pile 
Avere  first  observed  in  regard  to  the  decomposition  of  w^ater  and  certain 
saline  solutions,  by  Messrs.  Nicholson  and  Carlisle,  in  the  year  1800, 
(P/«7.  Mag..,  vii.,  and  Nicholson’s  Jour..,  4to.,  iv.  183);  they  were  then 
more  accurately  investigated  in  1803,  byHisinger  and  Berzelius,  (Gehlen’s 
Jour.,  i.  115,)  and,  in  1807,  Sir  H.  Davy  communicated  his  celebrated 
lecture  ‘‘  On  some  chemical  agencies  of  Electricity”  to  the  Royal  Society, 
in  which  the  electro- chemical  powers  of  the  pile  Avere  more  minutely 
examined,  and  which  formed  the  groundwork  of  the  brilliant  discoveries 
to  which  he  Avas  soon  afterAvards  led.  There  Avere,  however,  many  im- 
portant phenomena,  more  especially  those  connected  Avith  the  develop- 
ment of  electricity  by  chemical  action,  and  Avith  the  theory  of  electro- 
chemical decomposition,  Avhich  Sir  IT.  Davy,  and  others,  Avhose  researches 
have  enlightened  this  difficult  department  of  experimental  science,  either 
left  unexplored,  or  insufficiently  and  unsatisfactorily  explained  : these 
have  engaged  the  attention  of  many  later  and  acute  experimentalists, 
and  more  especially  of  Professor  Faraday,  whose  “ Experimental  Re- 
searches in  Electricity,’”  published  in  a succession  of  papers,  communi- 
cated to  the  Royal  Society  Trans.,  1832  to  1846),  contain  the 

results  of  his  labors  in  reference  to  this  branch  of  knoAvledge.  They 
have  not  only,  as  our  preceding  pages  have  shoAvn,  explained  and  en- 
lightened much  that  Avas  before  unintelligible  and  obscure  in  regard  to 
statical  electricity,  but  have  also  stamped  a new  character  upon  electrical 
as  connected  Avith  chemical  science ; in  point  of  originality  in  devising 
experiments,  skill  in  carrying  them  into  effect,  and  perspicuity  in 
tracing  out  and  unravelling  the  complicated  relations  and  bearings  of  the 
ncAv  truths  Avhich  are  elicited,  Faraday  stands,  if  not  unrivalled,  at  least 
unsurpassed. 
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When  the  electrodes  of  the  voltaic  battery  are  brought  near  to  each 
other  in  certain  liquids,  such,  for  instance,  as  acidulated  water  and  saline 
solutions ; or,  in  other  words,  when  these  liquids  are  made  part  of  the 
electric  circuit,  so  that  the  current  of  electricity  passes  through  them, 
decompositio?i  ensues;  that  is,  certain  elements  are  evolved  in  obedience 
to  certain  laws ; the  water,  for  instance,  yields  oxygen  and  hydrogen;  and 
the  neutral  salts  yield  acids  and  alkalis.  In  these  cases,  the  ultimate 
and  proximate  elements  appear  at  the  electrodes ; not  indiscriminately, 
or  indifferently ; but  oxygen  and  acids  are  developed  at  the  anode^  or 
surface  at  which  the  electricity  enters  the  electrolyte ; and  hydrogen^  and 
alkaline  bases,  at  the  cathode,  or  surface  at  which  the  electric  current 
leaves  the  body  under  decomposition. 

As  the  elements  of  substances  thus  electrically  decomposed  are 
uniformly  separated  at  one  or  other  electrode,  it  has  been  assumed  that 
the  natural  or  inherent  electricity  of  such  elements  is  the  antagonist  of 
that  supposed  to  belong  to  the  surface  at  which  they  appear ; in  confor- 
mity to  the  law  already  laid  down,  “ that  bodies  dissimilarly  electrified 
attract  each  other it  has  further  been  assumed,  that  the  elements  of 
compounds  are  held  together  by  certain  electro-chemical  forces,  more 
feeble  than  those  belonging  to  the  pile,  and  that  they  are  consequently 
overcome  by  such  superior  power ; that  when  substances  (or  their  atoms) 
are  similarly  electrical  they  will  refuse  to  combine ; and  that  substances 
which,  in  their  ordinary  states,  exhibit  no  mutual  affinities,  may  be  made 
to  enter  into  combination  by  communicating  to  them  dissimilar  electrical 
states. 

But  in  classing  bodies  according  to  their  electrical  relations,  it  is 
important  to  state  those  relations,  without  involving  the  expression  of 
hypothetical  views,  and  to  this  end,  Mr.  Faraday  uses  the  following 
terms.  All  substances  susceptible  of  direct  decomposition  by  the  electric 
current,  he  calls,  as  already  stated,  electrolytes ; and  for  the  term 
electro-chemically  decomposed^  he  substitutes  electrolysed.  Those  ele- 
ments of  the  electrolyte  which  are  evolved  at  the  anode,  he  terms 
ayiions,  and  those  which  are  evolved  at  the  cathode,  cations,  (avwv, 
that  which  goes  upwards;  kcltlov,  that  which  goes  downwards,  in 
reference  to  anode  and  cathode  already  defined,)  and  when  these  are 
spoken  of  together,  they  are  called  ions  : thus,  when  acidulated  water  is 
electrolysed,  two  'ions  are  evolved,  oxygen  and  hydrogen,  the  former 
being  an  anion,  the  latter  a cat'ion. 

I shall  now  proceed  to  a few  experimental  illustrations  of  electrolysis, 
or  electro-chemical  decomposition,  and  afterwards  consider  the  general 
laws  which  have  been  deduced  from  them*. 


* The  tei’ms  positive  and  negative  pole 
are  used  in  speaking  of  electro -chemical 
action  in  two  senses:  they  are  frequently 
employed  in  reference  to  certain  supposed 
attractive  and  repulsive  powers  belonging 
to  them,  and  with  the  same  meaning  as  in 
speaking  of  quiescent  electricity;  but,  in 
reference  to  electricity  in  motion,  they 
refer  to  the  surface  or  passage  by  which 
the  electricity  passes  into,  and  out  of  the 
body,  under  decomposition.  In  the  case. 


for  instance,  of  a current  of  electricity  tra- 
versing a wire  or  any  other  substance,  and 
passing  from  east  to  west,  if  we  may  make 
a break  in  it,  the  eastern  side  of  the  divided 
part  becomes  the  positive  pole,  and  the 
western  the  negative  pole,  as  may  be  learned 
from  the  diagram  fig.  186.  But  this  ex- 
planation only  applies  to  the  hypothesis  of 
a single  electric  fluid,  traversing  the  con- 
ductor in  a given  direction  : if  we  assume 
tivo  electric  fluids,  we  must  suppose  that 


2\6 


ELECTROLYSIS. 


If  two  platinum  electrodes  be  brought  near  each  other  in  water 
acidulated  by  sulphuric  acid,  a stream  of  gas  will  issue  from  each, 
which  in  an  apparatus  similar  to  fig.  191,  may  be  collected,  and 
examined.  is  a glass  globe  with  three  apertures ; two  of  these  (on  the 

sides)  are  fitted  with  corks  perforated  by  glass  tubes 
of  such  length  as  to  approach  the  centre  of  the  globe, 
and  traversed  by  platinum  wires,  which  are  flattened 
out  into  plates  at  the  ends,  and  turned  upwards, 
within  a tenth  of  an  inch  of  each  other.  The  tube  b 
is  inverted  into  the  neck  of  the  globe,  in  which  a 
notch  is  filed,  so  as  to  admit  of  the  oozing  of  a portion 
of  the  liquid.  This  apparatus  is  then  filled  with  the 
acidulated  water,  and  the  hooked  ends  of  the  platinum 
wires  made  to  communicate  with  the  conducting  wires 
of  the  voltaic  apparatus;  gas  immediately  bubbles  up  into  the  tube,  and 
the  displaced  liquid  trickles  out  at  the  neck  of  the  globe.  It  will  be 
observed,  that  twice  the  quantity  of  gas  escapes  at  the  negative  pole,  or 
the  cathode^  as  compared  with  that  at  the  positive  pole,  or  at  the  anode: 
and  the  tube  will  be  found  to  contain  a mixture  of  hydrogen  and  oxygen 
gases,  in  the  proportion  of  two  volumes  of  the  former  liberated  at  the 
cathelectrode^  or  negative  pole^  and  one  of  the  latter  at  the  anelectrodc 
or  positive  pole.  If  a lighted  candle  be  brought  to  the  mouth  of  the 
tube,  the  mixed  gases  explode  and  again  produce  water. 

By  a modification  of  this  arrangement,  the  evolved  gases  may  be 
collected  in  separate  tubes;  as,  for  instance,  if  w'e 
employ  a globe  with  twa  orifices  (fig.  192),  each 
having  a tube  so  adapted  as  separately  to  receive  the 
gas  from  each  pole.  It  will  then  be  seen  that  two 
volumes  of  hydrogen  gas.,  and  one  volume  of  oxygen 
gnv,  are  respectively  collected  in  the  tubes  inverted 
over  the  negative  and  the  positive  poles.  Upon  the 
approach  of  a taper,  the  hydrogen  gas  will  burn  quietly 
with  a blue  lambent  flame ; and  the  oxygen  may  be 
recognised  by  immersing  into  it  the  glowing  wick  of  a 
small  piece  of  green  taper,  which  will  instantly  kindle 

These  experiments  are  here  merely  adduced  in  illustration  of  the 
decomposing  or  electrolytic  powers  of  the  current ; they  show  that,  under 


into  flame 


they  traverse  the  wire  connecting  the  extre- 
mities of  the  battery  in  opposite  directions,  in 
which  case,  the  positive  electric  fluid  must 
he  assumed  to  issue  from  the  positive  pole, 
and  re-enter  by  the  negative  ; and  the  ne- 
gative fluid  to  issue  from  the  negative  pole, 
and  re-enter  by  the  positive.  Professor 
Daniel!  calls  the  positive  pole,  or  the  ane- 
lectrode,  the  zincode;  and  the  negative 
pole  or  cathelectrode,  the  platinode;  the 
former  being  the  electrode,  which  in  the 
regular  battery  would  be  constructed  of 
zinc,  and  the  latter  of  platinum.  Professor 
Graham  uses  the  terms  zincous  and  chlo- 


rous poles,  the  former  having  the  character- 
istic affinities  of  zinc,  for  oxygen,  chlorine, 
&c.,  the  latter  those  of  chlorine,  for  hydro- 
gen and  the  metals. 

* In  these  experiments  we  employ 
water,  to  wdiich  a small  portion  of  sul- 
phuric acid  has  been  added,  for  if  perfectly 
pure  water  be  used,  it  resists  the  passage  of 
the  electric  current  to  such  an  extent  as  to 
render  it  doubtful  whether  in  that  state  it  be 
or  be  not  an  electrolyte ; the  electrolysis  of 
common  water  probably  depends  upon  the 
saline  matter  which  it  holds  in  solution.  (See 
the  sections  on  Water  and  Sulphuric  Acid.^ 
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•\vhatever  circumstances  water  is  decomposed,  the  hydrogen  is  evolved  at 
the  cathode,  (or  at  the  negative  pole,)  and  the  oxygen  at  the  anode,  (or 
positive  pole).  They  are,  however,  further  important,  as  establishing  the 
composition  of  water ; for,  if  we  reduce  the  volumes  of  the  gases  to  their 
respective  iveights^  we  shall  find  that,  the  volume  of  hydrogen  being  = 1, 
the  half  volume  of  oxygen  will  be  — 8,  and,  consequently,  nine  parts  of 
water  will  consist  of  one  part  by  weight  of  hydrogen,  and  eight  parts  bij 
weight  of  oxygen,  for  the  specific  gravity  of  oxygen  to  hydrogen  is  as 
16  to  1. 

If,  in  these  experiments,  we  employ  water  containing  neutral 
salts,  we  find  that  they  are  also  decomposed,  and  that  their  ele- 
ments are  also  separated  according  to  certain  laws.  This  may  be 
strikingly  illustrated  by  dissolving  some  such  salt  in  water,  and 
electrising  the  solution,  as  in  the  following  experiment.  Provide 
a piece  of  glass  tube,  bent  at  an  angle,  and  placed  in  a wine- 
glass, to  serve  for  its  foot  or  support.  Fill  this 
syphon  with  the  blue  infusion  obtained  by  macerating  ^ 
the  leaves  of  the  red  cabbage  in  boiling  water,  and 
put  into  it  a few  crystals  of  sulphate  q/"  soda  ; then 
place  a strip  of  platinum  foil  in  each  leg  of  the 
syphon,  taking  care  that  they  do  not  come  into  con- 
tact at  the  elbow  of  the  tube,  and  connect  one  of 
these  with  the  negative,  and  the  other  with  the 
positive,  pole  of  the  pile  : in  a few  minutes  the  blue 
color  will  be  changed  to  green  in  the  negative  side, 
and  to  red  in  the  positive  side  of  the  tube,  indicating 
the  decomposition  of  the  salt,  the  alkali  or  soda  of  which  is  collected  in  the 
negative^  and  the  sulphuric  acid  in  the  positive,  side.  Reverse  the  poles, 
and  the  colors  will  also  gradually  be  reversed.  In  this  and  analogous 
experiments,  it  is  found  that,  whenever  a neutral  salt  is  decomposed  by 
electricity,  the  oxide  or  base  appears  at  the  cathode,  and  the  acid  at 
the  anode.  The  bases,  therefore,  in  their  electrical  relations,  rank  with 
hydrogen,  and  are  cathi'ons ; and  the  acids  with  oxygen,  and  are  anions. 

The  most  difficultly  soluble  salts  may  be  made  to  render  up 
their  elements  in  the  same  way.  If,  for  instance,  we  substitute  for  the 
sulphate  of  soda  in  the  preceding  experiment,  a little  finely-powdered 
sulphate  qf  baryta  moistened  with  water,  baryta  will  be  evolved  at  the 
cathode,  and  there  render  the  liquor  green ; and  sulphuric  acid  at  the 
anode,  rendering  it  red. 

These  experiments  may  be  • instructively 
varied  as  follows : — fill  two  glasses,  connected 
together  by  a syphon  of  large  bore,  with  the  blue 
solution  of  sulphate  of  soda,  and  invert  in  each 
glass  a tube  of  the  same  solution,  into  the  upper 
ends  of  which  platinum  wires,  terminating  in 
long  strips  of  the  same  metal,  are  inserted,  as 
shown  in  fig.  194;  connect  these  wires  with  the 
battery  so  as  to  make  them  the  electrodes,  and  it 
will  presently  be  remarked,  that,  notwithstand- 
ing they  are  in  separate  vessels,  the  blue  liquor 
will,  as  before,  be  rendered  green  and  red;  and 
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if  tlie  experiment  be  continued  for  a sufficient  length  of  time,  the  alkali 
of  tlie  salt  will  have  passed  from  the  side  p to  N,  and  the  acid  from  n 
to  p.  The  acid  and  alkali  appear,  in  this,  case  to  traverse  the  connecting 
syphon  in  opposite  directions ; hence  the  inference  that,  under  the  influ- 
ence of  electrical  attraction,  the  usual  chemical  affinities  are  suspended. 

The  decomposition  of  sulphate  of 
baryta  may  be  effected  in  the  same 
way ; for  this  purpose,  provide  two 
insulated  discs,  or  shallow  cups  of 
platinum  (fig.  195),  one  of  which  is 
to  be  put  into  communication  with  the 
negative,  and  the  other  with  the  positive, 
end  of  the  pile ; place  upon  each  of 
these  a few  grains  of  finely-powdered  (artificial  or  precipitated)  sulphate 
of  baryta,  moistened  by  a drop  or -two  of  water,  and  connect  the  discs 
(which  should  be  within  half  an  inch  of  each  other)  by  some  filaments  of 
wet  cotton,  a.  In  a few  minutes  baryta  will  be  apparent  to  test-papers 
at  the  negative  disc,  and  sulphuric  acid  at  the  positive. 

In  some  of  his  experiments  on  these  electrical  transferences.  Sir  H. 
Davy  employed  vessels  consisting  of  the  substance  to  be  decomposed. 
Two  small  cups  of  sulphate  of  lime^  for  instance,  were  filled  with  water, 
and  united  with  moist  cotton:  they  were  rendered  negative  and  positive 
by  placing  one  pole  of  the  pile  in  each  cup ; the  negative  cup  soon  was 
found  to  contain  a solution  of  lime^  and  the  positive  cup  free  sulphuric 
acid. 

If  the  bent  tube,  fig.  193,  be  filled  with  a dilute  solution  of  sulphate 
of  copper,  acetate  of  lead,  or  nitrate  of  silver,  the  metals  will  be  deposited 
upon  the  cathelectrodes,  and  no  hydrogen  will  escape.  In  this  way, 
M.  Becquerel,  by  employing  low  voltaic  powers,  obtained  some  beautiful 
results,  and  succeeded  in  imitating  many  crystallized  substances  found 
in  nature  but  not  previously  produced  by  art.  Such  experiments  have 
been  further  extended  and  improved,  and  some  new  and  important 
chemical  results  obtained  from  them,  by  Dr.  Golding  Bird.  {Phil.  Tra?is.^ 
1838.) 

In  some  of  Sir  LI.  Davy’s  early  experiments  on  the  decomposition  of 
water  in  glass  vessels,  a considerable  quantity  of  acid  and  alkaline  matter 
was  elicited,  which  was  traced  to  the  glass : to  avoid  this  source  of  error, 
therefore,  he  electrized  water  in  two  vessels  of  gold,  properly  connected, 
thus  employing  a material  which  could  not  furnish  impurities  to  the 
water : still,  however,  alkali  and  acid  made  their  appearance.  This 
evolution  of  foreign  matters,  by  the  electrization  of  apparently  pure  water, 
had  been  observed  by  others;  and  their  appearance  was,  by  some,  referred 
to  a power,  supposed  to  be  possessed  by  electricity,  of  generating  the 
matters  evolved ; it  was  even  imagined  that  water  might  possibly  be  a 
simple  or  elementary  body,  capable  of  forming  an  acid  in  union  with 
positive  electricity,  and  an  alkali  with  negative  electricity.  In  reviewing 
these  and  other  opinions,  it  occurred  to  Davy,  that  the  water,  although 
carefully  distilled,  and  apparently  pure  when  examined  by  common  tests, 
might  still  contain  minute  portions  of  foreign  matter,  rendered  evident 
by  the  decomposing  power  of  electricity.  He  accordingly  carefully  redis- 
tilled the  water  at  a low  temperature  in  silver  vessels,  and  on  employing 
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it,  thus  redistilled,  it  was  found  to  afford  much  less  indication  of  impuritj; 
but,  even  after  all  precautions,  acid  and  alkali  were  sparingly  evolved. 
Of  this  impurity,  part  was  traced  to  the  accidental  contact  of  the  hands 
with  the  apparatus  used,  the  perspirable  matter  leaving  traces  of  common 
salt ; and  now,  aware  of  this  source  of  contamination,  and  carefully 
avoiding  it,  there  were  scarcely  any  traces  of  acid  or  alkali  to  be  observed. 
These  extraneous  elements,  however,  notwithstanding  all  the  precautions, 
were  still  perceptible  after  the  process  of  electrical  decomposition  had 
been  carried  on  for  a length  of  time;  and  the  only  probable  source  whence 
they  could  be  derived  was  the  atmosphere,  the  elements  of  which,  by 
uniting  chemically  with  those  of  water,  might  give  rise  to  the  forma- 
tion of  nitric  acid  and  ammonia.  This  chemical  action  or  combination, 
Davy  thought,  might  possibly  be  brought  about  by  electric  agency ; ac- 
cordingly, in  addition  to  all  the  previous  precautions,  he  now  conducted 
the  experiments  in  the  exhausted  receiver  of  a good  air-pump,  and  found 
that  under  the  careful  exclusion  of  all  foreign  agents,  water  was  apparently 
resolved  into  oxygen  and  hydrogen  only ; and,  consequently,  that  there 
were,  at  all  events,  no  grounds  for  supposing  that  any  new  forms  of 
matter  were  producible  by  the  union  of  electricity  with  other  bodies. 

Another  important  inference  was  deduced  from  the  above,  and  similar 
^experiments;  it  was  obvious  that  electricity  overcame  the  most  powerful 
chemical  attractions ; might  it  not,  therefore,  when  properly  applied  to 
different  bodies,  indicate  the  existence  of  substances  hitherto  unsuspected, 
and  even  lead  to  the  knowledge  of  new  elements?  Proceeding  upon  such 
grounds.  Sir  H.  Davy  submitted  the  fixed  alkalis,  which  were  considered 
at  that  time  as  elementary  bodies,  to  tbe  agency  of  the  pile,  and 
was  fortunate  enough  in  this,  his  first  trial,  to  obtain  from  them  new 
elements : at  the  positive  pole  oxygen  was  evolved,  but  brilliant  metallic 
glubules  appeared  at  the  negative  pole,  extremely  inflammable,  and  which 
were  shown  to  be  the  bases  of  those  bodies.  The  names  potassium  and 
sodium  were  given  to  these  new  and  singular  metals ; and  by  analogically 
applying  these  phenomena  of  the  decomposition  of  the  alkalis  to  that 
of  the  earths^  also  then  on  the  list  of  elements,  they  likewise  afforded 
evidence  of  decomposition,  and,  like  the  alkalis,  were  shown  to  be  com- 
binations of  peculiar  metals  with  oxygen.  Many  other  discoveries  have 
been  the  result  of  this  new  mode  of  research,  which  will  be  more  fully 
dwelt  upon  afterwards. 

The  metallic  precipitations  above  adverted  to,  as  deposited  upon  the 
negative  eleetrode,  have  been  resorted  to  for  the  purpose  of  taking  im- 
pressions or  copies  of  seals,  medals,  copper-plates,  &c.,  forming  what  have 
been  termed  Electrotijpes^  and  a new  branch  of  art  has  thus  arisen,  which 
has  been  termed  Electro- Metallurgy.  For  this  purpose,  the  following 
modification  of  the  voltaic  arrangement  may  be  used.  The  piece  of  metal 
to  be  copied,  suppose  an  engraved  copper-plate  or  a medal,  or  an  indented 
impression  of  a medal  in  lead,  tin,  or  fusible  metal,  is  connected  by 
a copper  wire  with  a rod  or  plate  of  zinc,  the  wire  being  soldered  at  one 
end  to  the  zinc,  and  at  the  other  to  the  medal  or  plate  to  be  copied,  and 
of  any  convenient  length : a glass  open  at  both  ends  is  then  provided, 
(a  lamp-glass  sometimes  answers  the  purpose,)  and  one  end  is  closed 
either^)y  plaster  of  Paris,  or  by  tying  over  it  a piece  of  bladder:  it  is  then 
suspended  Avithin  a sufhciently  large  vessel,  filled  with  a solution  of  sulphate 
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of  copper,  which  must  be  kept  saturated  during  the  process,  either  by 
adding  fresh  sulphate  of  copper,  or  by  putting  some  crystals  of  that  salt 
into  the  saturated  solution.  The  smaller  vessel  is  then  filled  with  dilute 

sulphuric  acid,  (1  of  acid  to  8 of  water,)  and  sus- 
pended within  the  larger  one  containing  the  sulphate 
of  copper,  as  shown  in  the  annexed  diagram  ; where 
A represents  the  acid-holder  with  its  porous  dia- 
phragm d;  b the  vessel  of  solution  of  sulphate  of 
copper;  c the  plate  upon  which  the  precipitation  of 
copper  is  intended  to  take  place,  and  which  is  con- 
nected by  the  wire  E with  the  zinc  plate  z.  The 
darts  show  the  direction  of  the  electric  current  gene- 
rated by  z,  and  transmitted  through  the  diaphragm 
to  c,  where  the  copper  is  gradually  precipitated  in  a 
tough  metallic  layer.  When  the  deposited  copper 
upon  c has  acquired  sufficient  thickness,  which  will  generally  he  in  twenty- 
four  hours,  it  may  be  removed  by  carefully  loosening  its  edge  with  a 
knife,  and  then  pulling  it  gently  off  the  mould.  Several  moulds  may, 
if  requisite,  be  connected  with  the  zinc  plate. 

These  metallic  precipitations  have  been  beautifully  applied  to  the 
purpose  of  gilding  and  silvering  in  general,  and  electrotype  processes  have 
now  to  a great  extent  superseded  the  old  methods  of  plating:  the  metallic 
solutions  best  adapted  for  these  purposes  will  be  noticed  under  the 
respective  metals. 

In  copying  seals,  wax  and  plaster  casts,  and  other  nonconducting 
substances,  it  is  necessary  to  cover  them  with  a conductor : for  this  pur- 
pose Mr.  Robert  Murray  ingeniously  devised  the  application  of  plumbago. 
(Trans.  Soc.  Arts.)  A deposition  of  silver  and  other  metals  may 
also  be,  in  many  cases,  conveniently  effected  by  dipping  the  substances 
into  a solution  of  phosphorus  in  sulphuret  of  carbon,  and  then  into  a 
proper  metallic  solution : the  phosphorus  reduces  a film  of  metal  upon 
the  surface,  which  is  now  adapted  to  receive  the  electric  deposition. 

Instead  of  the  simple  form  of  apparatus  above  represented,  a separate 
source  of  electricity  is  now  generally  used,  consisting  of  one  or  more  of 
Danielfs  or  Smee’s  arrangements,  and  a working  cell  containing  the 
moulds  and  proper  metallic  plates  and  solutions,  placed  either  vertically 
or  horizontally,  as  is  found  convenient.  Fig.  197  represents  an  arrange- 
ment of  this  kind,  a is  a constant  battery ; b the  decomposition  cell  ; 
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m a metal  rod  for  supporting  the  moulds ; c a similar  rod  for  supporting 
the  copper  plates ; the  wire  x connects  the  moulds  m with  the  zinc  of 
the  battery,  the  wire  s connects  the  copper  plates  c with  the  copper  of 
the  battery.  The  cell  b contains  a mixture  of  one  part  sulphuric  acid, 
two  parts  saturated  solution  of  sulphate  of  copper,  and  six  or  eight  or 
wore  parts  of  water,  according  to  circumstances.  Copper  is  consumed 
from  the  plates  c by  union  with  the  oxygen  liberated  there,  and  carried 
over  and  deposited  on  the  moulds  m;  and  this  consumption  and  depo- 
sition are  exactly  equal ; so  that,  so  far  as  this  action  is  concerned,  the 
solution  is  in  the  same  condition  at  the  end  as  at  the  beginnmg  of  the 
experiment.  Had  platinum  plates  been  used  instead  of  copper  c,  the 
deposition  would  have  occurred  at  the  expense  of  the  solution^  which 
would  soon  have  been  exhausted;  and,  in  that  case,  one  generating  cell 
would  not  have  done  the  work.  It  will  be  seen  in  the  arrangement 
before  us,  that  the  cell  b offers  very  little  resistance  to  the  current,  for 
the  affinity  of  the  oxygen  for  the  copper  is  of  the  same  character,  though 
less  in  degree,  and  exerted  in  the  same  direction  as  the  affinity  of  the 
oxygen  for  the  zinc  in  the  generating  cell  a.  (Walker,  Electricity  and 
Magnetism^  II.,  368.) 

The  details  of  these  operations  are  given  in  several  works  expressly 
upon  the  subject  by  Walker,  Smee,  and  others. 

In  all  primary  electro-chemical  decompositions,  the  elements  of  com- 
pounds are,  as  we  have  already  shown,  evolved  with  uniform  phenomena 
either  at  the  anode  or  cathode  of  the  electrolyte ; hence  their  division 
into  electro-negative  and  electro- positive  bodies,  or,  into  anions  and 
cations.  But  it  frequently  happens  that  the  evolution  of  a substance  at 
the  electrode  is  a secondary  effect;  sulphur.,ior  instance,  in  the  decompo- 
sition of  sulphuric  acid,  is  evolved  at  the  cathode  or  negative  pole,  not 
by  direct  -electrolysis,  but  in  consequence  of  the  action  of  the  nascent 
hydrogen ; and  whenever  sulphur  is  obtained  by  primary  electrolytic 
action  from  a compound  containing  it,  it  is  evolved  at  the  anode,  or 
positive  pole;  hence,  in  classifying  the  elements  according  to  their  elec- 
trical relations,  this  distinction  must  be  observed.  It  is  also  necessary 
to  guard  against  the  combination  of  the  substance  evolved  (or  with 
the  electrode ; hence  the  advantage  of  platinum  electrodes,  that  metal 
being  acted  upon  by  very  few  of  them. 


The  following  table  of  simple  and  compound  ions  has  been  drawn  up 


by  Faraday": 

Oxygen 

Cyanogen 

Anions. 

Phosphoric  acid 

Citric  acid 

Chlorine 

Sulphuric  acid 

Carbonic  acid 

Oxalic  acid 

Iodine 

Selenic  acid 

Boracic  acid 

Sulphur 

Bromine 

Nitric  acid 

Acetic  acid 

Selenium 

Fluorine 

Chloric  acid 

Tartaric  acid 

Sulphocyanogen . 

Hydrogen 

Tin 

Cations. 

Mercury 

Strontia 

Potassium 

Lead 

Silver 

Lime 

Sodium 

Iron 

Platinum 

Magnesia 

Lithium 

Copper 

Gold 

Alumina 

Barium 

Cadmium 

Protoxides  generally 

Strontium 

Cerium 

Ammonia 

Quinia 

Calcium 

Cobalt 

Potassa 

Cinchonia 

Magnesium 

Nickel 

Soda 

INlorphia 

Manganese 

Antimony 

Lithia 

Vegeto-alkalis  gene- 

Zinc 

Bismuth 

Baryta 

rally. 
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Analogy  leads  us  to  presume  that  all  simple  bodies  are  'ions;  but  this 
has  not  yet  been  experimentally  proved  in  regard  to  carbon,  pbosphorus, 
nitrogen,  silicon,  boron,  and  aluminum:  several  compound  bodies  are  in 
the  same  uncertainty. 

For  the  purpose  of  popularly  illustrating  the  general  phenomena  of 
the  electro-chemical  decomposition  of  aqueous  saline  solutions,  and  for 

some  other  experiments  of  de- 
composition, the  annexed  form 
of  apparatus  (fig.  198),  will  be 
found  useful.  It  is  a flat  cell  of 
glass,  about  five  or  six  inches  long, 
and  an  inch  broad,  and  may  be 
divided  into  two  parts,  by  the  in- 
sertion of  the  temporary  diaphragm  which  is  a small  frame  of  cane 
with  muslin  stretched  over  it.  When  this  is  in  its  place,  a separate  elec- 
trode maybe  introduced  on  each  side  of  it:  they  may  most  conveni- 
ently consist  of  two  pieces  of  thin  platinum,  about  four  inches  long  and 
half  an  inch  broad. 

To  show  the  evolution  of  chlorine  at  the  anode  (or  positive  pole),  fill 
the  glass  cell  with  a solution  of  chloride  of  sodium  in  water,  colored 
blue  by  the  addition  of  a few  drops  of  a sulphuric  solution  of  indigo ; 
then  introduce  the  electrodes,  and  in  a few  minutes  the  j)ositive  or  anodic 
division  will  begin  to  lose  color,  and  at  length  become  colorless,  in  con- 
sequence of  the  evolution  of  chlorine  derived  from  the  salt:  here  the  pre- 
sence of  chlorine  is  rendered  evident  by  its  bleaching  power,  which 
destroys  the  blue  of  the  indigo^. 

The  presence  of  uncombined  iodine  is  announced  by  its  property  of 
striking  a deep  blue  color  with  a solution  of  starch.  To  demonstrate  its 
electro-polarity,  therefore,  fill  the  cell  with  a very  weak  solution  of  starch 
to  which  a little  iodide  of  potassium  has  been  added;  then  electrize  as 
before,  and  the  iodine  will  show  itself  at  the  anode  (or  positive  side)  by  a 
beautiful  blue  color. 

The  presence  of  bromine,  in  the  case  of  the  decomposition  of  a solution 
of  bromide  of  potassium,  is  announced  in  the  same  way  by  the  yellow 
color  which  it  gives  with  the  starch.  The  evolution  of  jiuorine,  as  an 
anion,  may  be  shewn  by  its  action  upon  glass  as  evolved  in  the  electro- 
lysis of  a solution  of  fluoride  of  potassium. 

The  electro-positive  bodies,  or  cat'ions,  on  the  other  hand,  are  evolved 
from  their  combinations  with  the  anions,  at  the  cathode  (or  negative  pole), 
as  is  seen  in  the  elimination  of  hydrogen,  by  the  electrolysis  of  dilute 
hydrochloric  acid,  and  of  the  metals  in  the  instances  of  metallic  precipita- 
tion already  cited:  so  that  when  the  metals  are  the  cathelectrodes,  they  are 


* In  the  year  1820,  I suggested  the 
possibility  of  applying  these  electro-chemical 
effects  to  the  art  of  calico-printing,  and 
showed  that  by  bringing  a small  disc  or 
figure  of  platinum  rendered  electro -positive, 
upon  a piece  of  colored  calico  imbued 
with  solution  of  salt,  and  stretched  over  an 
electro-negative  surface,  white  spots  or 
patterns  might  be  produced  in  consequence 
of  the  action  of  the  evolved  chlorine;  and 


that  by  reversing  the  electric  state  of  the 
pattern,  the  alkali  evolved  would  produce 
variously  colored  patterns  upon  grounds 
properly  prepared  for  the  purpose.  A 
patent  has  been  taken  out  by  Mr.  Bagg,  for 
a similar  application  of  electricity,  in  which 
he  proposes  to  produce  various  colors  by 
the  application  of  patterns  formed  of  plates 
of  various  metals  and  alloys  acting  upon 
different  saline  solutions. 
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rendered  virtually  attractive  of  each  other,  and  of  the  cations  or  electro- 
positive bodies  in  general:  thus,  under  such  circumstances,  alkalis,  earths, 
and  oxides  will  be  separated  upon  them;  but  the  same  cause  which  thus 
renders  them  apparently  attractive  of  these  bodies,  renders  them  as  it  were 
repulsive  of  the  anions  or  electro-negatives,  among  which  are  the  bodies 
chiefly  characterized  by  their  corrosive  and  solvent  action  upon  them.  A 
piece  of  iron,  for  instance,  forming  the  cathelectrode,  (rendered  electro- 
negative^')  will  remain  bright  and  clean  in  water,  which,  under  ordinary 
circumstances  of  immersion,  would  rust  and  corrode  it ; but  if  the  iron 
form  the  anelectrode,  (be  rendered  electro-positive^j  it^then  corrodes  more 
rapidly  than  in  plain  water ; that  is,  it  is  then  rendered  as  it  were 
attractive  of  oxygen,  acids,  and  the  other  solvent  agents,  of  which,  in  the 
opposite  case,  it  is  virtually  repulsive. 

These  facts  led  Davy  to  infer  that  certain  metallic  substances  which, 
under  ordinary  circumstances,  are  not  acted  upon  by  water  and  acids, 
might  be  rendered  active  by  communicating  to  them  the  positively 
electrical  state;  and,  on  the  contrary,  that  such  metals  as  are  easily 
acted  upon  by  the  above-mentioned  agents,  might  be  rendered  inert 
in  regard  to  them,  by  giving  them  the  negatively  electrical  state.  Silver, 
for  instance,  is  a metal  not  acted  upon  by  pure  w^ater,  nor  by  dilute 
sulphuric  acid.  But,  if  the  electrodes  consist  of  two  strips  of  silver, 
immersed  in  the  acidulated  water,  while  the  cathelectrode  (or  nega- 
tive pole)  remains  bright,  the  anelectrode  (or  positive)  becomes  disco- 
lored, and  a cloud  collects  about  it  in  the  water,  which  is  oxide  of 
silver;  here,  the  silver  is  rendered  attractive  of  oxygen,  and  combines 
with  it. 

If,  for  water,  we  substitute  a weak  solution  of  common  salt,  or  dilute 
hydrochloric  acid,  the  negative  silver  will  still  remain  bright,  but  the 
positive  becomes  incrusted  with  a white  or  gray  powder,  and  is  soon 
corroded;  this  arises  from  its  being  rendered  attractive  of  the  chlorine 
contained  in  the  salt  and  in  the  acid,  and  chloride  of  silver  is  formed. 

If  w^e  substitute  for  silver  any  more  oxidizable  metal,  the  effects  are 
still  more  striking,  and  we  then  have  a better  opportunity  of  observ- 
ing the  non- action  at  the  negative  surface,  as  opposed  to  the  activity 
of  the  positive.  For  instance,  for  the  silver  electrodes  substitute  two 
polished  plates  of  iron,  and  immerse  them  into  weak  sulphuric  or  hydro- 
chloric acid,  or  into  a solution  of  salt,  liquids  which,  under  ordinary  cir- 
cumstances, act  upon  and  corrode  iron;  the  negative  plate,  or  cathelec- 
trode, wall  now  remain  bright,  but  the  positive,  or  anelectrode,  will  be 
oxidized  and  dissolved. 

This  experiment  maybe  varied,  as  follows:  Fill  the  glass  cell,  fig,  198, 
with  a weak  solution  of  common  salt  in  distilled  water,  to  which  a few 
drops  of  a solution  of  ferrocyanide  of  potassium  have  been  added,  and 
immerse  one  of  the  iron  plates  in  each  partition;  the  negative  side 
will  remain  unchanged,  but  the  production  of  a deep  blue  color  on  the 
opposite  side,  will  announce  the  action  upon  the  iron  there  going  on. 
If  we  substitute  a little  infusion  or  tincture  of  galls  for  the  ferrocya- 
nide, the  solubility  of  the  iron  is  then  showui  by  a black  tint. 

The  want  of  action  of  the  cathelectrode  (or  negative  conductor)  shown 
in  these  experiments,  may  be  more  explicitly  illustrated  by  the  following: 
Silver  and  copper  are  readily  acted  upon  by  dilute  nitric  acid;  it  dis- 
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solves  them  with  effervescence;  but  if  plunged  into  the  acid  when  ren- 
dered electro-negative^  (or  forming  the  cathelectrode,)  they  resist  its 
solvent  or  oxidizing  power.  It  will  be  borne  in  mind  that,  in  all  these 
cases  of  the  apparent  protection  of  oxidizable  metals  in  fluids  containing 
water,  hydrogen  is  evolved  upon  the  protected  surface,  whence  it  either 
passes  off  as  a gaseous  film,  or  is  ready  to  produce  secondary  effects  by 
entering  into  new  combinations. 

Such  cases  of  the  prevention  of  chemical  action  may  he  further  illus- 
trated as  follows:  Dilute  some  nitric  acid  with  five  or  six  parts  of  water, 
so  that  it  may  act  very  moderately  upon  a piece  of  sheet  -copper  immersed 
into  it;  in  the  course  of  a few  minutes  the  acid  will  have  acquired  a 
slight  blue  color  from  the  dissolved  copper,  which  may  be  rendered 
more  striking  by  dropping  a little  of  it  into  a solution  of  ammonia^ 
when  a deep  blue  will  immediately  announce  the  presence  of  copper ; 
but  if  the  copper-plate  he  united  with  one  of  zinc^  and  then  plunged  into 
the  same  acid,  it  will  be  found  not  to  have  been  acted  on,  the  zinc  only 
being  dissolved. 

Again : immerse  a polished  plate  of  iron  into  a glass  of  water  impreg- 
nated with  carbonic  acid,  and  in  a few  hours  the  water  wall  be  discolored, 
and  a portion  of  the  iron  dissolved,  as  may  be  shoAvn  by  the  black  color 
produced  on  adding  the  infusion  of  galls.  Now,  tie  a strip  of  zinc  in 
close  contact  wdth  the  iron,  and  immerse  the  two  metals  into  the  w^ater: 
after  the  lapse  of  some  days,  none  of  the  iron  will  have  been  taken  up ; 
indeed,  it  will  remain  as  bright  as  when  first  put  in. 

Sir  H.  Davy  aimed  at  a very  important  practical  application  of  these 
facts,  as  a means  of  preventing  the  corrosion  of  the  copper- sheathing 
of  ships.  It  was  generally  believed  that  sea-water  had  but  little  action 
upon  pure  and  well-rolled  copper,  and  that  its  occasional  rapid  corrosion 
depended  upon  some  impurity  of  the  metal,  or  imperfection  in  its  manu- 
facture. It  was  found,  how^ever,  on  immersing  pieces  of  the  best  and 
purest  copper  in  sea-water,  that  it  soon  became  covered  wdtli  a green 
powder,  and  was  corroded.  Davy  referred  this  action  to  the  mutual 
attraction  of  the  positive  copper  and  the  negative  oxygen  or  acid  contained 
in  the  water,  and,  therefore,  endeavoured  to  prevent  it  by  communi- 
cating a negative  energy  to  the  copper^  by  attaching  to  it  a more  oxidable 
metal,  such  as  zinc,  iron,  or  tin.  {Phil.  Trans..,  1824  and  1825.) 

In  experiments  upon  the  small  scale,  it  was  found  that  a piece  of 
unprotected  copper,  immersed  in  sea-w'ater,  was  soon  covered  by  a 
green  powder,  part  of  which  was  dissolved,  and  part  precipitated;  but 
on  attaching  to  it  a piece  of  zinc,  and  keeping  the  metal,  thus  pro- 
tected, under  sea- water,  it  remained  bright  and  untarnished  for  several 
weeks:  of  the  facility,  therefore,  of  thus  effectually  protecting  the  cop- 
per, there  could  be  no  doubt:  but  a point  of  great  importance  in  refer- 
ence to  the  present  question  was  to  determine  the  relative  proportion 
which  it  was  necessary  for  the  protecting  metal  to  bear  to  the  protected"^. 
When  the  former  w as  zinc  or  iron,  and  amounted  to  from  one-fortieth 
to  one-hundred-and-fiftieth  of  the  copper  surface,  the  latter  metal  under- 


* See  also,  in  reference  to  this  subject, 
the  curious  inquiries  of  Professor  Daniell 
respecting  the  mutual  relations  of  the  gene- 


rating and  conducting  surfaces  in  voltaic 
arrangements.  (Phil.  Trans.,  1838,  p. 

31.) 
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went  no  change  or  decay;  when  the  zinc  was  reduced  to  one  two- 
hundredth  and  one  four-liiindredtli,  there  was  some  perceptible  loss  ; but 
it  is,  to  a considerable  extent,  effectual,  where  it  only  amounts  to  one 
one- thousandth. 

As  far,  therefore,  as  prolecLion  was  concerned,  the  above  experiments 
were  satisfactory,  and  seemed  to  hold  out  well-founded  hopes  of  being 
applicable  upon  the  large  scale;  but  when  a negative  electric  power  is 
thus  conferred  upon  the  copper,  so  as  to  protect  it  from  oxidizing  and 
corroding  agencies,  it  becomes  (as  above  explained,)  attractive  of  the 
cations  or  electro-positive  bodies;  among  these  are  the  earthy  substances 
contained  in  sea- water,  such  as  lime,  magnesia,  and  some  of  their  com- 
pounds: these,  therefore,  when  the  plan  was  adopted  upon  a large  scale, 
and  a protected  vessel  sent  to  sea,  were  precipitated  or  deposited  upon 
the  copper.  Now  it  seemed,  at  first,  as  if  this  earthy  coating  would 
merely  act  as  an  additional  preservative  of  the  copper ; but,  unfor- 
tunately, the  adventitious  crust  or  surface,  thus  formed,  is  most  favorable 
to  the  adhesion  of  weeds,  and  of  certain  marine  animals;  and  these 
accordingly  attached  themselves  to  it  so  rapidly,  and  in  such  abundance, 
as  to  render  the  bottom  extremely  foul,  and  to  interfere  with,  and  impede 
the  sailing  of  the  vessel.  Theory  would  lead  us  to  expect,  that  the 
zinc  or  iron  might  be  so  exactly  proportioned  to  the  surface  of  the 
copper,  as  effectually  to  protect  it,  without  at  the  same  time  communi- 
cating to  it  that  tendency  to  attract  an  earthy  crust,  which  has  just  been 
mentioned ; but  in  practice  this  has  been  found  scarcely  attainable. 

An  important  practical  application  of  this  galvanic  protection,  as  it 
has  been  termed,  has  been  made  in  the  case  of  the  protection  of  iron  by 
zinc:  for  this  purpose  sheets,  plates,  and  other  articles  and  utensils  of 
iron,  either  wrought  or  cast,  are  properly  cleansed,  and  dipped  into  melted 
zinc,  so  as  to  become  coated  by  the  latter  metal;  the  consequence  is 
that  the  zinc  not  only  serves  as  a mechanical  defence  to  the  iron,  but,  by 
its  electrical  relations,  is  extremely  effective  in  defending  it  from  oxidize- 
ment,  and  as  long  as  only  a very  small  portion  of  the  zinc  remains, 
the  iron  resists  the  rusting  energy  of  air  and  moisture,  and  even  the 
more  powerful  attacks  of  sea- water  and  other  chemical  agents ; so  that 
this  zinced  iron  is  not  only  applicable  to  innumerable  domestic  and 
economical  uses,  but  has  been  successfully  applied  as  a sheathing  for 
ships,  and  is  said  not  to  be  liable  to  those  objections  of  over-protected 
copper,  depending  upon  the  adhesion  of  weeds  and  barnacles.  As  a 
roofing  material  it  has  been  adopted  by  Mr.  Barry,  upon  a very  extensive 
scale,  in  the  new  palace  at  Westminster.  In  the  case  of  what  is  termed 
tin-plate^  we  have  an  instance  of  the  converse  electrical  agency:  the  iron 
is  there  the  protecting,  instead  of,  as  in  the  preceding  case,  the  protected 
metal : by  the  contact  of  tin  it  is  rendered  more  susceptible  of  oxidize- 
ment,  and  as  soon  as  any  part  of  the  surface  is  abraded  and  exposed  to 
solvents,  or  oxidizers,  the  rusting  of  the  iron  progresses  vigorously  and 
counteracts  even  the  mechanical  defence  of  the  tin  coating. 

It  will  be  obvious,  from  the  preceding  details,  that  electrolytic  action 
tends  to  the  separation  both  of  proximate  and  ultimate  elements;  of  the 
separation  of  the  proxmuiie  elements  of  compounds,  the  decomposition  of 
neutral  salts  furnishes  ample  instances,  in  which  a compound  acid  and  a 
compound  base  are  respectively  separated  at  the  anode  and  cathode: 
VoL.  I.  Q 
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whether  the  sub  and  super  salts  or  disults  and  ^zsalts  are,  or  are  not, 
decomposed  with  precisely  the  same  results,  has  not,  perhaps,  been  accu- 
rately determined,  but  apparently  they  are : the  case,  however,  is  differ- 
ent with  respect  to  binary  compounds  of  the  elementary  substances;  for 
among  them,  (with  very  few  exceptions,)  the  protocompounds ^ or  those 
consisting  of  one  atom  or  equivalent  of  an  anion,  with  one  of  a cation,  are 
those  only  which  are  directly  electrolytic,  whilst  other  binary  compounds 
of  the  same  elements  are  not  so ; thus  the  fused  pro^ochloride,  and 
pro/iodide  of  tin  are  decomposed,  but  the  perchloride,  and  pcriodide  are 
not;  these  important  differences  may  depend  upon  conducting  power,  for 
no  compound  which  is  not,  to  a greater  or  less  extent,  a conductor^  is 
susceptible  of  this  decomposition  (with  the  single  apparent  exception  of 
periodide  of  mercury,  which  Mr.  Faraday  found  to  insulate  whilst  solid, 
but  to  conduct  whilst  liquid,  and  yet  was  not  decomposed). 

The  cases  of  apparent  decomposition  opposed  to  the  law  just  stated 
are  numerous,  but  they  may  be  referred  to  secondary  electrolytic  action. 
When  oil  of  vitriol,  for  instance,  which  is  a compound  of  one  atom  of 
sulphur,  one  of  hydrogen,  and  four  of  oxygen,  is  subjected  to  the  action 
of  the  electric  current,  sulphur  and  hydrogen  appear  at  the  cathode,  and 
oxygen  at  the  anode;  but,  as  already  stated,  Faraday  has  shown  that  the 
sulphur  is  here  the  result  of  the  action  of  the  nascent  hydrogen  upon  the 
acid,  and  that  in  all  cases  of  the  true  electrolytic  decomposition  of  the 
sulphurets,  the  sulphur  is  evolved  at  the  anode,  and  hence  is  properly 
placed  in  the  above  table  of  ions,  amongst  the  anions.  He  observes,  in 
reference  to  these  cases,  that  the  final  result  of  the  action  of  the  electric 
current  upon  substances  placed  between  the  electrodes,  instead  of  being 
simple,  may  be  very  complicated:  that  substances  may  be  decomposed 
either  by  the  direct  action  of  the  electric  current,  or  by  the  action  of 
bodies  which  that  current  evolves.  There  are  also  two  modes  by  which 
in  these  cases,  new"  compounds  may  be  formed;  that  is,  by  the  combina- 
tion of  the  evolved  substances  in  their  nascent  states  with  the  matter  of 
the  electrode,  (of  which  the  formation  of  oxide  of  silver,  &c.,  above 
referred  to,  is  an  instance,)  or  by  their  combination  with  substances, 
which  being  contained  in  or  associated  with  the  electrolyte,  are  necessa- 
rily present  at  the  anode  and  cathode.  The  decomposition  of  a solution 
of  ammonia^  in  which  the  nascent  oxygen  of  the  decomposed  water 
unites  to  the  hydrogen  of  the  ammonia,  and  sets  nitrogen  at  liberty  at 
the  anode;  and  that  of  nitric  acid,  in  which  the  nascent  hydrogen  of  its 
water,  reacting  upon  the  acid,  produces  nitrous  acid  at  the  cathode,  are 
instances  of  such  secondary  results.  This  complexity  is  further  in- 
creased by  the  circumstance  that  such  actions  may  occur  simultaneously, 
and  in  variable  proportions  to  each  other.  When  the  electrolyte  is  an 
aqueous  solution,  or  when  it  contains  water,  such  secondary  results  are 
very  frequent ; but  they  are  not  confined  to  cases  where  water  is 
present : Becquerel  has  shown  that  they  are  in  many  instances  appli- 
cable to  the  formation  of  new  compounds,  and  to  the  imitation  of 
those  which  are  produced  by  natural  operations.  {Ann.  de  Chim.  et 
Phys.,  XXXV.  113.) 

Previous  to  Faraday*s  researches,  it  was  assumed  that  all  compounds 
were  susceptible  of  electro-chemical  decomposition,  and  more  especially 
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I those  in  which  the  elements  w^ere  held  together  by  feeble  affinities*;  but 

i it  is  now  apparent  that  conducting  power  is  one  essential  requisite;  and 

I another  (probably,  at  least)  a certain  atomic  relation  of  the  elements  to 
one  another;  hence  a most  important  application  of  electrolytic  action 
I to  the  determination  of  atomic  weights.  Faraday  has  thus  expressed 
I this  law  ; “ There  is  but  one  electrolyte  composed  of  the  same  two 

; elementary  ions;  hence,  only  single  electro-chemical  equivalents  of 
elementary  ions,  and  not  multiples,  can  go  to  the  electrodes.”  We  may 
infer,  therefore,  that  in  the  electrolysis  of  a compound  formed  of  two 
I elementary  substances,  the  elements  will  be  evolved  in  single  atoynic 
I proportionals ; hence  the  inference,  that  water  is  to  be  considered  as  a 
primary  atomic  combination  of  single  atoms  of  hydrogen  and  oxygen: 
and  hence  the  application  of  electrolytic  action  to  the  determination  of 
the  equivalent  number  of  the  elements  in  doubtful  cases. 

We  may  here  again  advert  to  the  fallacy  of  assuming  that  the 
metallic  poles  of  the  voltaic  apparatus,  or  the  electrodes,  exert  an  attrac- 
tive power  over  the  elements  of  the  electrolyte,  and  to  the  once  common 
expression,  “ that  certain  substances  are  attracted  by  the  negative  pole, 
and  others  by  the  positive  pole the  fact  is,  that  no  single  elementary 
substance,  or  zow,  has  any  tendency  to  pass  to  either  of  them ; sulphur, 
for  instance,  charcoal,  or  finely-divided  metals  diffused  through  water, 
are  indifferent  to  the  transfer  or  passage  of  the  electricity.  The  poles  or 
electrodes  may  even  be  water  or  air.  Thus,  if  pure  water  be  carefully 
poured  upon  a solution  of  sulphate  of  magnesia,  the  platinum  con- 
ductors may  be  so  introduced  and  arranged,  as  to  make  the  saline  solu- 
tion, the  anelectrode  (positive),  and  the  water,  the  cathelectrode  (nega- 
tive); in  this  case  magnesia  will  be  deposited  at  the  line  of  contact 
hetween  the  water  and  the  solution^  but  none  of  it  will  pass  across  the 
water  to  the  platinum  cathelectrode ; and  in  all  cases  in  which  sub- 
stances have  been  supposed  to  travel  by  mere  attraction,  a line  of  com- 
pound particles  has  extended  from  pole  to  pole.  (Faraday.  5th  Series, 
§ 493,  &c.) 

It  seems  proved  by  Faraday’s  experiments,  that  electricity  of  very 
feeble  tension  may  sometimes  pass  through  an  electrolyte,  without  effect- 
ing its  decomposition;  and  that,  in  such  cases,  the  decomposition  ensues 
when  the  conducting  power  of  the  electrolyte  is  improved,  or  the  in- 
tensity of  the  electricity  increased.  If,  for  instance,  a solution  of  sulphate 
of  soda  be  made  part  of  a circuit  transmitting  electricity  of  very  low 
intensity,  the  galvanometer  in  such  a circuit  will  be  deflected,  so  as  to 
demonstrate  the  passage  of  electricity,  but  no  appreciable  decomposition 
of  the  salt  will  ensue  ; on  increasing  the  intensity  of  the  current,  the 
deflection  of  the  magnetic  needle  is  not  increased,  but  the  acid  and  alkali 
of  the  salt  are  separated.  (Faraday.  8th  Series,  § 977*) 


• It  follows  from  Faraday’s  theory,  that 
the  more  directly  bodies  are  opposed  in 
chemical  affinity,  the  more  easily  they  are 
separated  by  electrolytic  action,  provided 
other  circumstances,  such  as  insolubility, 
deficient  conducting  power,  proportions, 
&c.,  do  not  interfere,  “ so  that  in  applying 
the  voltaic  battery  for  the  purpose  of  de- 


composing bodies,  not  yet  resolved  into 
forms  of  matter  simpler  than  their  own,  it 
must  be  remembered,  that  success  may 
depend  not  upon  the  weakness,  or  failure 
upon  the  strength  of  the  affinity  by  which 
the  elements  sought  for  are  held  together, 
but  contrariwise.” 

Q 2 
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Electrolytes  differ  in  the  facility  with  which  they  yield  up  their  ele- 
ments to  the  influence  of  the  electric  current,  or  in  the  resistance  which 
they  offer  to  electro-chemical  decomposition.  (Faraday,  Phil.  Trans.., 
1834,  p.  488.)  The  following  bodies  are  electrolytic  in  the  order  in 
which  they  are  placed,  those  which  are  first,  being  decomposed  by  the 
current  of  lowest  intensity  : — 


Iodide  of  potassium  (solution) 
Chloride  of  silver  (fused) 
Protocliloride  of  tin  (fused) 


Chloride  of  lead  (fused) 
Iodide  of  lead  (fused) 
Hydrochloric  acid  (solution) 


Water  acidulated  by  sulphuric  acid. 


That  the  chemical  power  is  in  direct  proportion  to  the  absolute  quantity 
of  electricity  which  passes.,  was  an  inference  drawn  by  Faraday  at  an 

early  period  of  his  researches,  {Phil.  Trails..,  1833,  p.  53,)  and  after- 

wards demonstrated  by  a series  of  conclusive  experiments,  {Phil.  Trans.., 
1834,  p.  102,)  which  led  to  the  development  of  the  dejiniie  nature  of 
electro-chemical  decomposition. 

Analysis  teaches  that  water  is  composed  of  1 part  by  weight  of 
hydrogen,  and  8 of  oxygen,  and  that  oxide  of  zinc  consists  of  32  of 
zinc,  and  8 of  oxygen ; now  suppose  a quantity  of  electricity  set  free, 

or  in  motion,  by  the  oxidizement  of  32  parts  of  zinc  by  9 of  water,  that 

quantity  will  also  decompose  9 of  water  by  the  platinum  electrodes, 
evolving  from  it  8 of  oxygen  and  1 of  hydrogen ; and  the  same  quantity 
of  electricity  transmitted  successively  through  fused  chloride  of  silver, 
and  iodide  of  lead,  so  as  to  decompose  them,  will  evolve  36  of  chlorine, 
and  126  of  iodine,  at  the  anodes,  and  108  of  silver  and  104  of  lead  at 
the  cathodes ; these  numbers  are  the  exact  chemical  equivalents  of  the 
respective  elements  ; accordingly,  if  we  place  a portion  of  water  anywhere 
in  the  electric  circuit,  the  quantity  of  it  which  is  decomposed,  or  the 
quantity  of  oxygen  and  hydrogen  either  separate  or  mixed,  which  is 
evolved,  furnishes  a measure.,  or  mode  of  expressing  the  quantity  of  elec- 
tricity which  has  passed  in  a given  interval.  Faraday  has  constructed 
several  instruments  for  this  purpose,  which  he  terms 
Volta-electrometers  or  Voltameters : among  them  the  two 
following  will  be  found  most  useful,  a (fig.  199)  is  a 
straight  tube  closed  at  the  upper  extremity  and  gradu- 
ated ; through  the  sides  pass  the  platinum  wires  b 5', 
being  fused  into  the  glass,  and  connected  with  two  plates 
within ; the  tube  is  fitted  by  grinding,  into  one  mouth  of 
a double- necked  bottle,  one-half  or  two-thirds  full  of 
water  (acidulated  by  sulphuric  acid  to  improve  its  con- 
ducting power).  The  tube  is  filled  by  inclining  the  bottle, 
and  when  an  electric  current  is  passed  through  it,  the 
gases  evolved  collect  in  the  upper  part  of  the  tube,  and 
displace  the  dilute  acid,  the  stopper  c being  left  open : 
when  the  graduated  part  of  the  tube  a is  filled  with  the 
mixed  gases,  the  electric  circuit  may  be  broken  by  removing  the  wires 
connected  with  b 5,  the  stopper  c replaced,  and  the  meter-tube  refilled 
by  properly  inclining  the  instrument : a second  measure  of  the  gases  is 
then  collected,  on  re-establishing  the  circuit,  and  so  on. 

Another  form  of  the  voltameter  is  the  following  (fig.  200).  It  is 
fixed  on  a weighted  foot «,  and  has  the  form  of  a small  retort,  containing 
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the  two  electrodes ; the  neck  h is  narrow 
and  long  enough  to  deliver  gas  issuing 
from  it  into  a graduated  jar  placed  in  a 
small  pneumatic  trough.  The  electrode 
chamber,  sealed  hermetically  at  the  part 
inserted  into  the  stand,  is  5 inches  in 
length,  and  0’6  of  an  inch  in  diameter ; 
the  neck  about  nine  inches  in  length,  and 
0'4  of  an  inch  diameter  internally.  The 
chamber  c is  filled  up  to  the  neck  with  dilute  sulphuric  acid  (sp.  gr.  1’3). 
In  both  these  instruments,  the  contact  of  the  electrodes  with  each  other 
within  the  chamber  or  tube,  is  prevented  by  the  interposition  of  pieces  of 
glass-tube. 

I must  here  refer  to  Faraday’s  paper  {Phil.  Trans. ^ 1834,  p.  87, 
et  seq.)  for  some  curious  and  important  remarks  respecting  the  influence 
of  different  forms  of  the  platinum  electrodes  in  these  instruments,  and 
for  the  experimental  proofs,  that  variation  in  the  size  of  the  electrodes, 
causes  no  variation  in  the  chemical  action  of  a given  quantity  of  electricity 
upon  nmter  : that  their  action  is  uninfluenced  by  changes  in  the  intensity, 
provided  the  quantity  of  electricity  remain  the  same  : that  the  quantity 
of  water  decomposed  is  uninfluenced  by  the  strength  of  the  dilute  sul- 
phuric acid  in  the  volta-electrometer ; that,  when  other  solutions  are 
substituted  for  the  acid,  the  constancy  of  the  electrolytic  action  upon  water 
is  not  altered ; and  that,  as  before  stated,  when  water,  and  other  electro- 
lytes, are  subjected  to  the  influence  of  the  electric  current,  the  quantity 
decomposed  is  exactly  proportionate  to  the  quantity  of  electricity  which 
has  passed,  notwithstanding  all  variations  in  the  conditions  and  circum- 
stances under  which  they  may  at  the  time  be  placed. 

I shall  conclude  this  part  of  the  subject  by  the  following  summary  of 
certain  points  already  adverted  to  respecting  electrolytes,  'ions,  and  electro- 
chemical equivalents,  taken  from  Faraday’s  seventh  Series  of  Experi- 
mental Researches  in  Electricity.  {Phil.  Trans.,  1834,  p.  111.) 

i.  A single  'ion,  i.  e.,  one  not  in  combination  with  another,  will  have 
no  tendency  to  pass  to  either  of  the  electrodes,  and  will  be  perfectly  in- 
different to  the  passing  current,  unless  it  be  itself  a compound  of  more 
elementary  'ions,  and  so  subject  to  actual  decomposition,  ii.  If  one  'ion 
be  combined  in  right  proportions  with  another  strongly  opposed  to 
it  in  its  ordinary  chemical  relations,  i.  e.,  if  an  anion  be  combined  with  a 
cation,  then  both  will  travel,  the  one  to  the  anode,  the  other  to  the 
cathode,  of  the  decomposing  body.  iii.  If,  therefore,  an  'ion  pass  towards 
one  of  the  electrodes,  another  'ion  must  also  be  passing  simultaneously  to 
the  other  electrode,  although,  from  secondary  action,  it  may  not  make  its 
appearance,  iv.  A body  decomposable  directly  by  the  electric  current,  i.  c., 
an  electrolyte,  must  consist  of  two  'ions,  and  must  also  render  them  up 
during  the  act  of  decomposition,  v.  There  is  but  one  electrolyte  composed 
of  the  same  two  elementary  'ions ; at  least  such  appears  to  be  the  fact, 
dependent  upon  a law,  that  oidy  s'lngle  electro-chemical  equivalents  of 
elementary  ions  can  go  to  the  electrodes,  and  not  imdtiples.  vi.  A body 
not  decomposable  w'hen  alone,  as  boracic  acid,  is  not  directly  decomposable 
by  the  electric  current  when  in  combination.  It  may  act  as  an  io?i,  going 
wholly  to  the  anode  or  cathode,  but  docs  not  yield  up  its  elements,  except 
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occasionally  by  a secondary  action.  Perhaps  it  is  superfluous  to  point 
out  that  this  proposition  has  no  relation  to  such  cases  as  that  of  water, 
which,  by  the  presence  of  other  bodies,  is  rendered  a better  conductor  of 
electricity,  and  therefore  is  more  freely  decomposed,  vii.  The  nature  of 
the  substance  of  which  the  electrode  is  formed,  provided  it  be  a con- 
ductor, causes  no  difference  in  the  electro-decomposition,  either  in  kind 
or  degree ; but  it  seriously  influences,  by  secondary  action,  the  state  in 
which  the  'ions  finally  appear.  Advantage  may  be  taken  of  this  principle 
in  combining  and  collecting  such  'ions  as,  if  evolved  in  their  free  state, 
would  be  unmanageable*,  viii.  A substance  which,  being  used  as  the 
electrode,  can  combine  altogether  with  the  'ion  evolved  against  it,  is  also 
an  'ion^  and  combines  in  such  cases,  in  the  quantity  represented  by  its 
electro-chemical  equivalent.  All  the  experiments  agree  with  this  view ; 
and  it  seems,  at  present,  to  result  as  a necessary  consequence.  Whether, 
in  the  secondary  actions  that  take  place,  where  the  'ion  acts,  not  upon  the 
matter  of  the  electrode,  but  on  that  which  is  around  it  in  the  liquid,  the 
same  consequence  follows,  will  require  more  extended  investigation  to 
determine,  ix.  Compound  'ions  are  not  necessarily  composed  of  electro- 
chemical equivalents  of  simple  'ions.  For  instance,  sulphuric  acid, 
boracic  acid,  phosphoric  acid,  are  'ions^  but  not  electrolytes^  i.  e.,  not  com- 
posed of  electro-chemical  equivalents  of  simple  ions.  x.  Electro-che- 
mical equivalents  are  always  consistent;  i.  e.  the  same  number  which 
represents  the  equivalent  of  a substance  a when  it  is  separating  from  a 
substance  B,  will  also  represent  a when  separating  from  a third  substance 
c.  Thus,  8 is  the  electro-chemical  equivalent  of  oxygen,  whether  sepa- 
rating from  hydrogen,  or  tin,  or  lead;  and  104  is  the  electro-chemical 
equivalent  of  lead,  whether  separating  from  oxygen,  or  chlorine,  or 
iodine,  xi.  Electro-chemical  equivalents  coincide,  and  are  the  same, 
with  ordinary  chemical  equivalents. 

§ 13.  Source  of  Voltaic  Electricity,  and  Theory  of  the  Pile. 

The  electrical  equilibrium  is  so  easily  disturbed,  or,  in  other  words, 
there  are  so  many  causes  of  electrical  excitation,  and  tending  to  the  pro- 
duction of  electrical  currents,  that  it  becomes  difiicult  entirely  to  separate 
them  and  distinctly  to  refer  to  each  its  due  effects:  Volta  attributed  the 
electricity  of  the  pile  to  the  mere  contact  of  the  different  metals,  and 
regarded  the  interposed  solutions  as  imperfect  conductors,  admitting  the 
transfer  of  electricity  when  the  circuit  was  completed;  and  when  incom- 
plete, throwing  the  whole,  by  induction,  into  an  electro-polar  state.  This 
explanation  was  adopted  with  some  modifications  by  Sir  H.  Davy,  (Phil. 
Trans..,  1807,)  who  seems  to  have  considered  the  electric  state  of  the 
pile  partly  as  the  consequence  of  the  contact  of  the  opposed  metals,  and 
partly  of  the  chemical  action  of  the  liquid  in  the  cells ; and  he  concluded, 
from  experiments  upon  the  contact  of  acids  with  alkalis  and  metals. 


* It  will  often  happen  that  the  elec- 
trodes used  may  be  of  such  a nature  as, 
with  the  fluid  in  which  they  are  immersed, 
to  produce  an  electric  current,  either  ac- 
cording with  or  opposing  that  of  the  voK 
taic  arrangement  used,  and  in  this  way,  or 


by  direct  chemical  action,  may  sadly  disturb 
the  results.  Still,  in  the  midst  of  all  these 
confusing  effects,  the  electric  current, 
which  actually  passes  in  any  direction 
through  the  decomposing  body,  will  pro- 
duce its  own  definite  electrolytic  action. 
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that  they  became  negative  and  positive  in  respect  to  each  other* ; summing 
up  the  whole  in  the  statement,  that  “Chemical  and  electrical  attractions 
are  produced  by  the  same  cause,  acting  in  one  case  on  particles^  in  the 
other  on  inasses  of  matter,  and  that  the  same  property,  under  dijfferent 
modifications,  is  the  cause  of  all  the  phenomena  exhibited  by  diflferent 
voltaic  combinations.”  {Phil.  Trans.^  1826^  p.  389.) 

Others  have  referred  the  electricity  of  the  pile  exclusively  to  chemical 
action:  and  Dr.  Wollaston  not  only  adopted  this  opinion,  {Phil.  Trans. ^ 
1801,)  but  attributed  the  activity  of  the  common  electrical  machine  to 
the  oxidizement  of  the  amalgam  : this  view  was  opposed  by  Davy,  who, 
contrary  to  Dr.  Wollaston’s  experiments,  found  the  electric  machine  active 
in  atmospheres  of  hydrogen  and  of  carbonic  acid,  and  in  the  latter  more 
so  than  in  atmospheric  air,  probably  on  account  of  its  greater  density. 

The  phenomena  of  De  Luc’s  column  were  considered  by  some  as 
ample  proof  of  the  correctness  of  the  “ theory  of  contact,”  while  others 
ascribed  its  electricity  to  the  chemical  action  of  the  moisture  hygrometri- 
cally  retained  by  the  paper;  but  this  and  similar  arrangements  seem  to 
require  more  minute  and  accurate  examination  before  satisfactory  conclu- 
sions can  be  drawn  respecting  them. 

Faraday,  in  the  16th  and  17th  Series  of  his  Researches,  {Phil.  Trans. 
1840,)  has  ably  and  impartially  discussed  the  respective  claims  of  the  con- 
tact and  chemical  theory,  and  gives  his  decided  adherence  to  the  latter: 
contending  with  De  la  Rive  that  there  is  no  current  of  electricity  in  the 
Voltaic  pile  that  is  not  dependent  upon  and  conjoined  with  a complete 
chemical  effect;  and  with  Roget,  that  if  there  could  exist  a power  having 
the  property  ascribed  to  it  by  the  contact-hypothesis  of  Volta,  namely, 
that  of  giving  a continued  impulse  to  a fluid  in  one  constant  direction 
without  being  exhausted  by  its  own  action,  it  would  differ  essentially  from 
all  other  powers  in  nature,  and  involve  suppositions  against  the  truth  of 
which  the  probabilities  are  all  but  infinite.  It  must,  indeed,  be  allowed, 
that,  independent  of  all  considerations  arising  out  of  the  unknown  nature 
and  cause  of  electrical  currents,  both  experiment  and  analogy  are  strongly 
against  the  notion  of  mere  contact  as  their  source. 

That  electricity  is  produced  in  voltaic  arrangements,  independent  of 
contact.,  and  apparently  by  chemical  action  only,  had  been  satisfactorily 
shown  by  Faraday,  in  1834,  for  he  found  that  a single  pair 
of  plates,  so  arranged  as  to  avoid  metallic  contact  and 
every  other  source  of  electricity  except  chemical  action, 
produced  a current  which  not  only  deflected  a galvano- 
meter, but  decomposed  iodide  of  potassium.  The  fol- 
lowing was  the  form  of  his  experiment.  A plate  of  zinc, 
about  eight  inches  long  and  half  an  inch  wide,  a (fig.  201), 
was  cleaned  and  bent  in  the  middle  to  a right  angle.  A 
plate  of  platinum,  about  three  inches  long  and  half  an  inch 
wide,  b,  was  fastened  to  a platinum  wire,  and  the  latter 
bent  as  in  the  figure.  These  two  pieces  of  metal  were  arranged  together 
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* When  two  metals,  or  other  substances, 
are  brought  into  contact,  and  especially 
when  filings  of  one  metal  are  sifted  upon 
the  surface  of  another,  exceedingly  feeble 
flectricity  of  tension  may  be  shown  by  a 


very  delicate  electrometer ; but  in  these 
cases,  and  also  when  solid  acids  and  alkalis 
are  used,  friction,  change  of  temperature, 
and  even  chemical  action,  cannot, 
already  observed,  alwavs  be  avoided. 


as 
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as  delineated,  but  as  yet  without  the  vessel  c,  and  its  contents,  which 
consisted  of  dilute  sulphuric  acid  mingled  with  a little  nitric  acid.  At 
a;  a piece  of  folded  bibulous  paper,  moistened  in  a solution  of  iodide  of 
potassium,  was  placed  on  the  zinc,  and  was  pressed  upon  by  the  end  of  the 
platinum  wire.  When  under  these  circumstances  the  plates  were  dipped 
into  the  acid  of  the  vessel  c,  there  was  an  immediate  effect  at  the  iodide 
being  decomposed,  and  iodine  appearing  at  the  anode^  i.e.,  against  the  end 
of  the  platinum  wire.  As  long  as  the  lower  ends  of  the  plates  remained  in 
the  acid,  the  electric  current  continued,  and  the  decomposition  proceeded 
at  X.  On  removing  the  end  of  the  wire  from  place  to  place  on  the  paper, 
the  effect  was  evidently  very  powerful;  and  on  placing  a piece  of  turmeric 
paper  between  the  white  paper  and  the  zinc,  both  papers  being  moistened 
with  the  solution  of  iodide  of  potassium,  alkali  was  evolved  at  the  cathode 
against  the  zinc,  in  proportion  to  the  evolution  of  the  iodine  at  the  anode. 
Hence  the  decomposition  was  perfectly  polar,  and  decidedly  dependent  upon 
a current  of  electricity  passing  from  the  zinc  through  the  acid  to  the  plati- 
num in  the  vessel  c,  and  back  from  the  platinum  through  the  iodic  solu- 
tion to  the  zinc  at  the  paper  x.  That  the  decomposition  at  x was  a true 
electrolytic  action,  due  to  a current  determined  by  the  state  of  things  in 
the  vessel  c,  and  not  dependent  upon  any  mere  direct  chemical  action  of 
the  zinc  and  platinum  on  the  iodide,  or  even  any  current  which  the  solu- 
tion of  iodide  might  by  its  action  on  those  metals  tend  to  form  at  or,  was 
shown,  in  the  first  place,  by  removing  the  vessel  c and  its  acid  from  the 
plates,  when  all  decomposition  at  x ceased,  and  in  the  next  by  connecting 
the  metals,  either  in  or  out  of  the  acid,  together,  when  decomposition  of  the 
iodide  at  x occurred,  but  in  a reverse  order;  for  now  alkali  appeared 
against  the  end  of  the  platinum  wire,  and  the  iodine  passed  to  the  zinc, 
the  current  being  the  contrary  of  what  it  was  in  the  former  instance,  and 
produced  directly  by  the  difference  of  action  of  the  solution  in  the  paper 
on  the  two  metals.  The  iodine  of  course  combined  with  the  zinc.  {Phil. 
Trans..,  1834,  p.  426.) 

In  his  17th  series  of  experiments  {Phil.  Trans.,  1840,)  Faraday  has 
given  a copious  table  of  similar  Voltaic  circles.  So  far,  therefore,  the 
evidence  of  the  current  of  electricity  independent  of  metallic  contact  is 
complete.  It  is  now  to  be  shown  how  chemical  action  becomes  the 
source  of  the  electricity  in  the  voltaic  battery,  and  for  this  purpose  I shall 
insert  the  following  illustrations,  for  which  I am  indebted  to  Mr.  Faraday. 

Let  z (fig.  202)  represent  a piece  of  pure  zinc*,  and  p a piece  of  pla- 
tinum, both  immersed  in  dilute  sulphuric  acid;  if  they 
do  not  touch  each  other,  scarcely  any  action  will  take 
place  on  the  zinc^  and  none  on  the  other  metal;  but  if 


zinc  or  platinum,  as  represented  in  the  figure,  then  action 
takes  place;  oxygen  from  the  water  combines  with  the  zinc, 
and  forms  an  oxide,  which  dissolves;  and  the  equivalent 


* The  impurities  in  common  zinc  seem 
to  be  the  cause  of  the  rapid  action  exerted 
upon  it  by  diluted  sulphuric  acid,  which 
oxidizes  it  with  the  evolution  of  hydrogen. 
Pure  zinc,  on  the  contrary,  or,  as  Mr. 
Sturgeon  has  shown,  zinc  which  is  super- 


ficially amalgamated  with  mercury,  is  not, 
as  has  already  been  stated,  so  acted  on,  and 
hence  the  advantage  of  using  it  in  cases 
where  the  ordinary  and  the  voltaic  action 
require  to  be  separately  observed. 
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of  hydrogen  is  evolved,  and  appears  against  the  platinum ; whilst  the 
connecting  wire  exhibits  all  those  characters  which  show  that  a current 
of  electricity  is  passing  through  it.  The  direction  of  this  current  is  essen- 
tially connected  with  the  chemical  action  on  the  zinc,  and  the  evolution 
of  hydrogen  on  the  platinum,  and  may,  at  any  time,  be  identified  by 
comparing  it  with  the  electricity  of  the  common  machine.  If  the  prime 
conductor  and  rubber  of  a machine  be  connected  by  a wire,  the  electricity 
is  said,  by  a conventional  expression,  to  be  passing  from  the  conductor 
through  the  wdre  to  the  rubber;  and,  admitting  that  standard  of  refer- 
ence, it  is  found  in  the  experiment  just  described,  that  the  current  of 
electricity  produced  is  from  p through  the  wire  to  z.  There  are  many 
other  solutions,  which,  if  used  between  the  metals  z and  P,  wall  cause  a 
similar  effect  when  the  latter  are  comiected  by  the  wire,  but  the  current 
is  alwaifs  in  the  same  direction,  and  it  is  also  always  the  zinc  which 
enters  into  combination.  Thus  a solution  of  hydriodic  acid,  or  of  the 
iodide  of  potassium,  will  cause  iodine  to  combine  with  the  zinc,  hy- 
drogen will  appear  at  the  platinum,  and  a current  of  electricity  will 
exist  in  the  ware,  but  of  w'eaker  power  than  before. 

In  producing  this  effect,  there  are  two  circumstances  which  seem  to 
be  essential,  namely,  the  immersion  of  the  zinc  and  platinum  in  the 
solution,  and  the  metallic  contact  of  the  metals,  either  directly,  or  by  means 
of  the  wire:  if  the  contact  be  broken  the  current  is  stopped,  and  the  action 
on  the  zinc  ceases;  or  if  the  metals  be  taken  out  of  the  solution,  the  action 
on  the  zinc  of  necessity  ceases,  and  again  the  current  is  stopped.  Hence 
it  became  a question  for  many  years,  which,  though  much  argued  and 
experimented  upon,  has  only  recently  been  decided,  whether  it  was  the 
chemical  action  on  the  solution,  or  the  contact  of  the  metals,  which  was 
the  real  cause  of  the  electric  current,  and  other  concomitant  effects. 

But  now  consider  fig.  203,  and  let  n and  o be  two  vessels  like  to  m 
(fig.  202),  each  containing  dilute  sulphuric  acid  and  pieces  of  zinc  and 
platinum,  and  let  the  two  z z be  connected  by  a zinc 
wire,  and  the  two  p P by  a platinum  wdre:  no  chemi- 
cal effects  will  occur,  nor  any  current  of  electricity  be 
formed;  but  the  moment  a wire  of  any  metal  is 
stretched  from  a to  b,  a current  of  electricity  will  run 
up  it,  dividing  right  and  left,  as  is  shown  by  the 
arro  w"S,  and  oxidation  of  both  zincs  will  take  place, 
accompanied  with  the  evolution  of  hydrogen  at  both 
platinums. 

Consider  this  cross- wire  as  still  retained  in  its  place,  but  the  dilute 
sulphuric  acid  removed  from  the  vessel  o,  and  replaced  by  a solution  of 
the  iodide  of  potassium.  Still  the  currents  will  exist,  as  represented  by 
the  arrows:  the  chemical  action  will  remain  unchanged  in  the  vessel  n; 
and  in  the  vessel  o,  iodine  will  combine  with  the  zinc,  and  hydrogen 
appear  against  the  platinum.  As  yet  the  conditions  both  of  chemical 
action  and  metallic  contact  exist,  the  cross-wure  from  a to  b ensuring  the 
latter;  but  now  remove  that  wire,  and  instead  of  a cessation  of  action,  the 
following  change  of  effects  will  take  plaee:  the  electric  current  from  b 
across  to  a of  course  no  longer  exists;  that  from  a through  the  vessel  n 
to  b will  be  weakened,  and  the  chemical  action  in  w much  diminished ; 
but  the  current  from  a through  o to  b will  be  actually  inverted,  and  the 
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chemical  action  in  o will  be  inverted  also,  and  the  iodine  will  now  appear 
in  its  free  state  against  the  platinum  p,  instead  of  combining  with  the 
zinc,  and  the  hydrogen  will  appear  at  the  opposite  side. 

Plence,  not  only  is  it  proved  that  metallic  contact  is  not  necessary, 
and  that  chemical  action  is  the  cause  of  the  phenomena,  but  also  that  two 
distinct  chemical  actions  may  be  opposed,  and  the  weaker  made  to  yield 
to  the  stronger;  and  thus,  electro- chemical  excitation  and  electro-chemical 
decomposition  are  shown  existing  together  in  the  simplest  manner  as  cause 
and  effect. 

If  two  distinct  chemical  actions  can  be  thus 
shown  connected  together  in  opposition  to  each 
other,  so  also  can  they  be  shown  with  equal  sim- 
plicity associated  in  accordance  with  each  other; 
and  in  this  consists  the  principle  of  the  voltaic 
pile  or  trough:  for  consider  again  the  tendencies 
and  directions  of  the  two  sets  of  forces,  as  indi- 
cated by  the  arrow^s,  in  the  vessels  n and  o,  fig.  203,  and  then  divide  the 
connecting  wdre  at  a and  6,  connect  the  right-hand  end  of  a with  the 
left-hand  end  of  6,  and  the  right-hand  end  of  b with  the  left-hand  end  of 
<7,  as  in  fig.  204,  and  then  it  will  be  seen  by  simple  inspection,  (what  is 
found  as  a matter  of  fact,)  that  the  forces  in  p and  q aid  and  exalt  each 
other,  instead  of  exerting  a mutual  opposing  action. 

Fig.  205  is  the  representation  of  three  such  actions  combined,  and 

with  300  or  3000  the  principle  is  the 
same ; the  pull  on  the  general  current 
being,  as  it  were,  aided  by  every  re- 
currence of  the  zinc,  and  its  vigor  and 
intensity  exalted. 

In  reflecting  upon  the  source  of  electricity  in  voltaic  arrangements, 
and  upon  the  definite  nature  of  its  action,  as  shown  in  the  experi- 
ments above  quoted,  it  becomes  almost  impossible  to  doubt  the  identity 
of  the  cause  of  chemical  and  electrical  phenomena,  and  from  an  attentive 
consideration  of  the  manner  in  which  the  elements  of  electrolytes  are 
evolved  at  the  anode  and  cathode,  the  insufficiency  of  that  theory  which 
referred  the  phenomena  of  their  decomposition  to  the  mere  attractive 
powers  of  the  poles  must  be  quite  obvious:  they  must  certainly  be  attri- 
buted to  some  specific  action  of  the  electric  current,  pervading  the  whole 
of  its  course  through  the  electrolyte ; and  if  we  regard  it,  with  Faraday, 
{Phil.  Trans. y 1833,  p.  696,)  as  “an  axis  of  power  having  contrary 
forces,  exactly  equal  in  amount  in  contrary  directions,”  we  may  also 
assume  that  electro-chemical  decomposition  is  produced  “ by  an  internal 
corpuscular  action  exerted  according  to  the  direction  of  the  electric 
current,  and  that  it  is  due  to  a force,  either  superadded  to,  or  giving 
direction  to  the  ordinary  chemical  affinity  of  the  bodies  present.  The 
body  under  decomposition  may  be  considered  as  a mass  of  acting  particles, 
all  those  which  are  included  in  the  course  of  the  electric  current  contri- 
buting to  the  final  eflect;  and  it  is  because  the  ordinary  chemical  affinity 
is  relieved,  weakened,  or  partly  neutralized  by  the  influence  of  the  electric 
current,  in  one  direction,  parallel  to  the  course  of  the  latter,  and  strength- 
ened or  added  to  in  the  opposite  direction,  that  the  combining  particles 
have  a tendency  to  pass  in  opposite  courses.” 
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I § 14.  Identity  of  Voltaic  and  Common  Electricity. 

The  phenomena  of  the  voltaic  pile  are,  upon  a superficial  view,  so 
different  from  those  of  common  electricity,  as  frequently  to  have  been 
referred  to  a distinct  cause,  and  although  they  were  found,  when  more 
accurately  compared,  to  present  many  analogies,  it  was  long  before  they 
were  allowed  to  be  absolutely  identical.  Faraday  was  led  to  revise  the 
experiments  already  made  in  reference  to  this  question,  and  to  devise 
many  new  illustrations  of  it : his  results  are  published  in  the  third 
Series  of  his  Experimental  Researches.  {Phil.  1833,  p.  23.)  He 

i has  arranged  electrical  phenomena,  for  the  purpose  of  this  comparison, 
under  two  heads ; namely,  those  connected  with  electricity  of  tension.^  and 
those  connected  with  electricity  of  motion;  the  former  includes  attractions 
; and  repulsions  at  sensible  distances:  the  latter  (or  the  effects  of  electrical 
j currents)  includes  the  production  of  heat,  magnetism,  chemical  decompo- 
sition, physiological  phenomena,  and  the  spark. 

1.  The  attractions  and  repulsions  produced  by  voltaic  electricity,  and 
so  far  identifying  it  with  that  of  the  common  electrical  machine,  have 
been  above  described. 

The  escape  of  common  electricity  through  rarefied  air,  is  another 
effect  due  to  its  tension.  On  endeavouring  to  discharge  a voltaic  battery 
of  140  pairs  of  plates  by  approximated  pointed  wires,  either  with  in- 
tervening air,  or  in  a vacuum,  no  indications  of  a current,  either  by 
magnetical  or  chemical  action,  were  obtained;  but  upon  heating  the  air 
between  the  points  by  the  flame  of  a spirit-lamp,  the  current  passed, 
so  as  to  decompose  iodide  of  potassium,  and  deflect  the  galvanometer 
in  another  part  of  the  circuit.  The  arc  of  flame  between  charcoal 
points  in  air  and  in  a vacuum  is  a similar  phenomenon.  Another 
proof  of  the  tension  of  the  electricity  of  the  pile,  is  the  charge  of  a 
Leyden  battery,  which  may  be  effected  by  De  Luc’s  column  and  by  the 
voltaic  battery. 

2.  As  concerns  electricity  in  motion^  that  of  the  voltaic  apparatus  pro- 
duces heat,  magnetism,  chemical  decomposition,  shocks,  and  sparks,  and 
in  these  respects  the  analogies  with  common  electricity  are  complete. 
Of  the  heating  power  of  common  electricity,  instances  have  been  already 
given,  both  as  relates  to  the  common  spark  and  to  that  of  the  Leyden 
jar  or  battery.  For  delicate  experiments  upon  this  subject,  Mr.  Harris’s 
sensible  electrometer  may  be  used.  {Phil.  Trans. ^ 1827,  p.  17*)  The 
production  of  magnetism  by  common  electricity  has  also  been  satis- 
factorily proved,  by  the  deflection  of  the  galvanometer,  and  by  the  simple 
experiment  of  affixing  a steel  needle  at  right  angles  to  a wire  through 
which  the  Leyden  jar  or  battery  is  discharged,  and  which  receives  perma- 
nent magnetism. 

The  power  of  common  electricity  to  effect  polar  chemical  decomposi- 
tion.^ was  first  shown  by  Dr.  Wollaston, 

{Phil.  Trans..,  1801,  p.  427,)  and  has 
been  amply  verified  by  Faraday.  Upon 
a glass  plate  (fig.  206)  placed  over,  but 
raised  above,  a piece  of  white  paper 
so  that  shadows  may  not  interfere,  put 
two  pieces  of  tin-foil  ab ; connect  one 
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of  them  by  an  insulated  wire  c with  the  positive  conductor  of  the  machine, 
and  the  other  by  the  wire  g with  the  ground,  or  with  the  negative  con- 
ductor: provide  two  pieces  of  fine  platinum  wire,  bent  as  in  fig.  207,  so 
that  the  part  df  shall  be  nearly  upright,  whilst  the  whole  is  resting  on 
207  the  three  bearing  points  p ef:  place  these  as  in  fig. 

206;  the  points  p n then  become  the  decomposing 
poles.  Place  a large  drop  of  hydrochloric  acid^  ren- 
dered blue  by  sulphate  of  indigo,  so  that  p and  ?i  may 
be  immersed  in  it  at  opposite  sides,  then  send  a current 
of  electricity  through  it  from  a machine  in  good  action, 
and  chlorine^  shown  by  its  bleaching  effects,  will  be  evolved  at  p.  This 
experiment  is  the  counterpart  of  that  with  voltaic  electricity  already 
described.  Place  a drop  of  solution  of  iodide  of  j^otassium  mixed  with 
starch  between  the  poles,  and  the  current  will  evolve  iodine  at  p.  Put  a 
drop  of  solution  of  sidiohate  of  copper  between  the  poles,  and  the  current 
will  then  cause  the  precipitation  of  copper  at  w*. 

In  all  these  experiments  the  direct  passage  of  sparks  must  be  carefully 
avoided.  If  sparks  are  passed  over  moistened  litmus-paper,  it  is  red- 
dened; and  if  over  paper  moistened  by  iodide  of  potassium,  iodine  is 
evolved ; but  these  effects  must  be  carefully  distinguished  from  those  due 
to  true  electrolytic  action,  and  must  be  cautiously  avoided  when  the  latter 
are  sought  for.  The  effect  just  mentioned  appears  to  be  due  to  the  form- 
ation of  nitric  acidhj  the  combination  of  the  oxygen  and  nitrogen  of  the 
air : the  acid  so  formed,  though  very  small  in  quantity,  is  in  a high  state 
of  concentration,  and  therefore  reddens  the  litmus-paper  and  decomposes 
the  iodide.  By  moistening  a very  small  slip  of  litmus-paper  in  a so- 
lution of  caustic  potassa,  and  then  passing  a succession  of  electric 
sparks  over  its  length  in  the  air,  Mr.  Faraday  gradually  neutralized 
the  alkali  and  ultimately  rendered  the  paper  red,  and  on  drying  it  he 
found  that  nitrate  of  potassa  had  resulted  from  the  operation,  and  that 
the  paper  had  become  touch-paper.  These  experiments  furnish  simple 
and  ready  means  of  illustrating  Cavendish’s  experiment  of  the  formation 
of  nitric  acid  from  atmospheric  air;  and  render  it  probable  that  the  sin- 
gular odor  produced  by  the  electric  discharge,  as  when  the  electricity  of 
a powerful  machine  is  suffered  to  pass  off  by  points,  or  in  a succession  of 
long  and  rapid  sparks  through  the  air,  may  be  derived  from  the  produc- 
tion of  that  acidt. 


* A curious  experiment,  which  has  been 
called  electro -chemical^  consists  in  tracing 
lines  or  devices  upon  a thin  plate  of  glass 
covered  with  lac  varnish,  with  the  knob  of  a 
positively  charged  Leyden  phial;  positive 
electricity  is  thus  communicated  to  the  side 
touched,  and  corresponding  lines  oi negative 
electricity  are  produced  by  induction,  upon 
the  opposite  side.  If  we  now  suspend  the 
glass  plate  insulated  in  the  air,  and  blow 
upon  it  a finely -powdered  mixture  of  sul- 
phur and  red  lead,  the  latter  only  will  ad- 
here to  those  parts  of  the  plate  which  are 
positively  electrified.  If  we  now  blow  the 
same  mixture  upon  the  other  side  of  the 
plate,  the  sulphur  alone  will  adhere  to  the 


parts  which  are  negatively  electrified.  Thus 
the  same  lines  will  be  traced  upon  both 
sides  of  the  glass  plate,  but  with  different 
coloured  powders,  the  positive  lines  being 
red  and  the  negative  yellow.  The  cause  of 
this  appears  to  be,  that  when  sulphur  and 
red  lead  are  triturated  together,  the  former 
acquires  positive,  and  the  latter  negative 
electricity : hence  the  respective  powders 
attach  themselves  to  those  surfaces  which 
have  an  electricity  opposed  to  their  own. 

f A similar  odor  is  observed  during 
the  decomposition  of  water  by  the  voltaic 
current,  and  has  been  referred  by  Schonbein 
to  a peculiar  principle  called  ozone. 
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Though  the  above  experiments  amply  demonstrate  the  identity  of 
tlie  decompositions  effected  by  common  and  voltaic  electricity,  the  true 
polar  decomposition  of  water  by  the  former  has  not  hitherto  been  so 
effected  as  to  collect  an  appreciable  portion  of  oxygen  and  hydrogen, 
at  the  positive  and  negative  poles : Faraday’s  experiments,  however,  leave 
no  doubt  as  to  the  reality  of  such  decomposition.  When  sparks  or  shocks 
are  transmitted  through  water  by  fine  metallic  points,  streams  of  gas 
arise  from  them*,  but  they  consist  of  oxygen  and  hydrogen  at  each  pole, 
and  depend  upon  some  cause,  distinct  from  that  which  regulates  the 
transference  and  final  place  of  the  evolved  bodies,  in  cases  of  true  electro- 
chemical decomposition. 

The  physiological  effects  of  the  common  electric  current  may  be  con- 
sidered the  same  with  those  of  voltaic  electricity,  account  being  taken  of 
the  intensity  of  the  one,  and  the  duration  of  the  other. 

With  regard  to  the  sparky  that  from  common  electricity  rivals  in 
brilliancy  the  splendid  light  of  the  voltaic  discharge,  but  it  endures  for 
the  fraction  of  an  instant  only.  When  the  voltaic  and  the  common  spark 
are  taken  between  amalgamated  surfaces  of  metal,  at  intervals  only,  and 
through  the  same  distance  of  air,  the  eye  can  distinguish  no  difference 
between  them.  A curious  modification  of  the  spark  of  a Leyden  jar  or 
battery  is  obtained,  by  causing  the  electricity  to  pass  through  some  dis- 
tance of  water  or  other  imperfect  conductor,  such  as  a piece  of  wet 
string,  so  placed  as  to  form  a part  of  the  circuit:  the  spark  is  then 
yellowish,  flamy,  of  sensibly  longer  duration  than  if  the  water  had  not 
been  interposed,  and  is  accompanied  by  little  or  no  noise;  if  taken 
between  pieces  of  charcoal  it  is  extremely  luminous  and  bright  upon  both 
surfaces  of  the  charcoal:  thus,  whilst  losing  part  of  its  usual  character,  it, 
in  some  degree,  approximates  to  the  voltaic  spark.  The  retardation 
which  the  current  of  electricity  suffers  in  being  thus  made  to  traverse 
water,  is  well  illustrated  by  its  effect  in  inflaming  gunpowder.  In 
attempting  to  ignite  gunpowder  by  the  discharge  of  a Leyden  jar,  unless 
it  is  finely  powdered  and  rammed  into  a small  tube  or  quill,  and  the  dis- 
charge of  a large  jar  or  battery  passed  through  it  by  points  of  iron  wire,  it 
it  generally  thrown  about  but  not  exploded.  Place 
the  powder,  for  instance,  in  a small  ivory  mortar,  of 
which  fig.  208  is  a section,  and  discharge  a moderate- 
sized Leyden  jar  through  it,  so  that  the  spark  may  a- 
pass  between  the  interrupted  wires  aa;  in  this  case 
the  powder  will  be  dispersed,  and  not  ignited.  But 
now  repeat  the  experiment,  placing  a basin  of 
water  in  the  circuit,  so  that  it  may  be  interrupted 
by  ten  or  twelve  inches  of  that  fluid,  and  the  spark  that  passes  under 
such  circumstances  will  invariably  fire  the  powder;  or,  the  circuit  may 
be  interrupted  by  a few  inches  of  pack-thread  well  soaked  in  water,  and 
the  same  effect  will  ensue.  Fig.  209  is  a representation  of  the  arrange- 
ment : « is  a Leyden  jar  with  a piece  of  chain  touching  its  exterior 
coating,  and  immersed  at  the  other  end  into  the  shallow  dish  of  water  6, 


* This  experiment  was  first  made  by 
the  associated  Dutch  chemists,  Van  Troost- 
wijk,  and  Dieman,  in  1789  or  earlier;  it 
was  repeated  by  Dr.  Pearson  in  1797 


(Nicholson’s  Jour.,  4to.  i.),  and  after- 
wards by  Dr.  Wollaston  in  1801.  {Phil. 
7'rans.) 
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from  the  opposite  side  of 
which  another  chain  issues, 
attached  to  one  of  the  con- 
ductors of  the  mortar  c;  a 
chain  is  also  attached  to  the 
opposite  conductor;  and  the 
discharge  is  effected,  by 
bringing  the  ball  of  the  dis- 
charger d in  contact  with 
the  knob  of  the  jar  e.  When 
the  circuit  is  entirely  me- 
tallic, the  passage  of  the  elec- 
tricity is  apparently  too  rapid  to  kindle  the  powder,  hut  it  does  so  when 
retarded  somewhat  in  its  progress,  by  being  made  to  traverse  the  water. 

§ 15.  Animal  Electricity. 

There  are  some  remarkable  instances  of  the  generation  of  electricity 
in  living  animals,  to  whom  the  power  seems  to  be  given  principally  as  a 
means  of  defence.  Of  these  animals,  the  Torpedo  or  Electric  ray^  was 
noticed  by  the  ancient  writers  on  natural  history : it  inhabits  the  Medi- 
terranean and  North  Seas;  its  weight,  when  full  grown,  is  about  eighteen 
or  twenty  pounds.  When  touched,  it  communicates  a benumbing  sensa- 
tion, and  by  repeated  contacts,  gives  a series  of  electric  shocks. 

The  Gymnotus^  or  Electric  eel^  was  first  described  in  1677?  I>y 
Richer,  who  was  commissioned  by  the  French  Academy  to  make  some 
mathematical  observations  in  Cayenne.  It  is  a native  of  the  warmer 
regions  of  Africa  and  America,  inhabiting  the  larger  rivers,  especially 
those  of  Surinam.  In  Africa  it  chiefly  occurs  in  the  branches  of  the 
Senegal.  These  animals  have  been  anatomically  described  by  John  Hunter 
in  the  63rd  and  65th  volumes  of  the  Philosophical  Transactions.  Their 
electric  organs  consist  of  membranous  septa,  and  are  most  abundantly 
supplied  by  nerves ; their  too  frequent  use  is  succeeded  by  debility  and 
death.  That  these  organs  are  not  otherwise  essential  to  the  animals,  is 
shown  by  their  thriving  after  they  have  been  removed. 

The  Silurus  electricus  is  less  perfectly  known : it  has  been  described 
by  Broussonnet  under  the  name  of  Trembleur.  (^Histoire  de  I’ Academic 
Roy  ale  des  Sciences^  1782.) 

Walsh,  Ingenhousz,  Cavendish,  Sir  H.  Davy,  and  Dr.  Davy,  (Phil. 
Trans..,  1773,  1775,  1776,  1829,  and  1832,)  have  each  experimented 
on  this  form  of  electricity,  and  their  joint  results  leave  no  doubt  as  to 
its  identity  with  common  and  voltaic  electricity.  Mr.  Faraday,  availing 
himself  of  a gymnotus  brought  to  this  country  by  Mr.  Porter,  and  pur- 
chased by  the  proprietors  of  the  Adelaide  Gallery,  has  more  recently 
instituted  new  inquiries  respecting  the  electric  powers  of  this  extra- 
ordinary animal.  {Phil.  1838.) 

Humboldt,  in  his  Tableau  Physique  des  Regions  Equatoriales,  &c., 
has  given  some  curious  details  respecting  the  electrical  eel  which  inhabits 
the  rivers  and  lakes  of  the  low  provinces  of  Venezuela  and  the  Caraccas. 
It  is  met  with  most  frequently  in  the  stagnant  ponds  dispersed  at  intervals 
over  the  plains  which  extend  from  the  Oronoco  to  the  Apure.  The  old 
road  near  Urutica  has  even  been  abandoned,  on  account  of  the  danger 


t 


ANIMAL  ELECTRICITY. 


239 


' experienced  in  crossing  a ford,  where  the  mules  were,  from  the  eifect  of 
the  shocks,  often  paralysed  and  drowned.  Even  the  angler  is  said 
sometimes  to  have  received  a stroke  conveyed  along  his  rod  and  line. 
These  eels  are  about  six  feet  in  length,  and  occasion  a highly  painful 
sensation,  more  resembling  the  effect  of  a blow  on  the  head  than  the 
shock  of  a common  electric  discharge ; a peculiarity  referable  perhaps 
to  a great  quantity  of  electricity  of  small  intensity.  The  following 
particulars  given  also  upon  the  authority  of  Humboldt  {^Edin.  Review, 
vol.  xvi.  p.  250)  are  too  curious  to  be  here  omitted. 

The  Indians  entertain  such  a dread  of  the  Gvmnotus,  and  show  so 
much  reluctance  to  approach  it  when  alive  and  active,  that  Humboldt 
found  extreme  difficulty  in  procuring  a few  to  serve  as  the  subjects  of 
experiment.  For  this  express  purpose,  he  stopped  some  days  on  his 
journey  across  the  Llanos  to  the  river  Apure,  at  the  small  town  of 
Calaboze,  in  the  neighbourhood  of  which  he  was  informed  that  they  vrere 
very  numerous.  But,  though  his  landlord  took  the  utmost  pains  to 
, gratify  his  wish,  he  was  constantly  unsuccessful.  At  last  he  determined 
to  proceed  himself  to  the  spot,  and  was  conducted  to  a piece  of  shallow 
water,  stagnant  and  muddy,  but  of  the  heat  of  79  degrees,  surrounded  by 
a rich  vegetation  of  the  great  Indian  fig-trees  and  odoriferous  sensitive 
plants.  Here  he  soon  witnessed  a spectacle  of  the  most  novel  and 
extraordinary  kind:  about  thirty  horses  and  mules  were  quickly  collected 
from  the  adjacent  savannahs,  where  they  run  half  wild.  These  the 
Indians  drove  into  the  marsh.  The  gymnoti,  roused  from  their  slumbers 
by  the  noise  and  tumult,  mount  near  the  surface,  and  swimming  like  so 
many  livid  water  serpents,  briskly  pursue  the  intruders,  and  gliding  under 
their  bellies,  discharge  through  them  the  most  violent  and  repeated 
shocks.  The  horses,  convulsed  and  terrified,  their  mane  erect,  and  their 
eyes  staring  with  pain  and  anguish,  made  unavailing  struggles  to  escape. 
In  less  than  five  minutes,  two  of  them  sunk  under  the  water  and  were 
drowned.  Victory  seemed  to  declare  for  the  electric  eels.  But  their 
activity  now  began  to  relax.  Fatigued  by  such  expense  of  nervous 
energy,  they  shot  their  electric  discharges  with  less  frequency  and  effect. 
The  surviving  horses  gradually  recovered  from  the  shocks,  and  became 
more  composed  and  vigorous.  In  a quarter  of  an  hour  the  gymnoti  finally 
retired  from  the  contest,  and  in  such  a state  of  languor  and  complete 
exhaustion,  that  they  were  easily  dragged  on  shore  by  the  help  of  small 
harpoons  fastened  to  cords.” 

The  gymnotus  experimented  with  by  Faraday  gave  a powerful  shock 
when  one  hand  was  placed  near  each  extremity  of  the  fish.  By  the  proper 
application  of  conductors  it  affected  the  galvanometer,  and  made  a mag- 
net ; polar  decomposition  of  iodide  of  potassium  was  easily  effected  by  it, 
with  such  phenomena  as  indicated  a current  passing  from  the  anterior  to 
the  posterior  parts  of  the  animal;  and,  lastly,  the  spark  was  obtained. 

Those  who  are  fond  of  supposing  that  electricity  is  an  agent  in  some 
of  the  processes  of  vitality,  have  referred,  in  favor  of  their  hypothesis,  to 
certain  other  cases  of  its  production  by  arrangements  of  different  organic 
substances.  If  the  hind  legs  of  a frog  be  placed  upon  a glass  plate,  and 
the  crural  nerve  dissected  out  of  one  made  to  communicate  with  the  other, 
it  will  be  found,  upon  making  occasional  contacts  with  the  remaining 
crural  nerve,  that  the  limbs  of  the  animal  will  be  agitated  at  each  contact. 
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Hence  some  pli3^siologists  suppose  that  electricity  may  be  concerned  in 
some  of  the  most  recondite  phenomena  of  life,  and  experiments  have  been 
made  tending  to  confer  some  probability  on  this  idea.  (See  important 
Memoirs  on  this  subject  byMatteucci.  Ann.  Ch.  et  Ph..^  3 Ser.  vi.  201). 

“ The  principle  once  established,  that  there  may  exist  in  the  animal 
economy  a power  of  determining  the  developement  of  electric  excitement 
capable  of  being  transmitted  along  the  nerves ; and  it  being  ascertained 
by  numerous  and  decisive  experiments,  that  the  transmission  of  voltaic 
electricity  along  the  nerves  of  even  a dead  animal  is  sufficient  to  produce 
the  most  violent  muscular  action,  it  became  an  easy  step  to  refer  the 
origin  of  muscular  motion  in  the  living  frame  to  a similar  cause,  and  to 
look  to  the  brain,  a wonderfully  constituted  organ,  for  which  no  mode 
of  action  possessing  the  least  plausibility  had  ever  been  devised,  as  the 
source  of  the  required  electrical  power.” 

Sir  John  Herschel,  from  whom  I have  quoted  the  last  paragraph, 
extends  his  ideas  upon  this  subject  in  the  following  note.  “ If  the  brain 
be  an  electric  pile,  constantly  in  action,  it  may  be  conceived  to  discharge 
itself  at  regular  intervals,  when  the  tension  of  the  electricity  developed 
reaches  a certain  point,  along  the  nerves  which  communicate  with  the 
heart,  and  thus  to  excite  the  pulsations  of  that  organ.  This  idea  is 
forcibly  suggested  by  a view  of  that  elegant  apparatus,  the  dry  pile  of 
De  Luc,  in  which  the  successive  accumulations  of  electricity  are  carried 
off  by  a suspended  ball,  vLich  is  kept,  by  the  discharges,  in  a state  of 
regular  pulsation  for  any  length  of  time.  We  have  witnessed  the  action 
of  such  a pile  maintained  in  this  way  for  whole  years,  in  the  study  of  the 
above-named  eminent  philosopher.  The  same  idea  of  the  cause  of  the 
pulsation  of  the  heart  appears  to  have  occurred  to  Dr.  Arnott,  and  is 
mentioned  in  his  useful  and  excellent  book  on  Physics,  to  which,  however, 
we  are  not  indebted  for  the  suggestion,  it  having  occured  to  us,  indepen- 
dently, many  years  ago.”  (^Preliminary  Discoiirse.) 

§ 16.  Thermo-Electricity. 

In  1832  Professor  Seebeck  of  Berlin  dis- 
covered this  form  of  electricity  ; he  found  that 
a bar  of  antimony,  (fig.  210,)  ^7,  with  a piece  of 
brass  wire  twisted  round  one  end  of  it  6,  and 
attached  to  the  other  in  the  form  of  a loop  c, 
when  heated  by  the  flame  of  a spirit  lamp  at 
the  contact  of  the  metals  6,  caused  the  deflec- 
tion of  a magnetic  needle  placed  at  d. 

A more  powerful  combination  of  this  kind 
is  obtained  by  the  union  of  antimony  with  bis- 
muth: they  may  be  arranged  as  in  fig.  211,  so 
as  to  form  a hollow  parallelogram,  a represent- 
ing the  bar  of  antimony  and  b the  bar  of  bismuth:  on  applying  heat  to 
one  of  the  junctions  by  a spirit  lamp,  a quantitative  current  of  electricity 
is  put  into  motion  through  the  metals  which  is  immediately  indicated  by 
the  deflection  of  a magnetic  needle,  and  this  effect  is  considerably  in- 
creased if  the  opposite  junction  of  the  metallic  bars  be  at  the  same  time 
cooled  by  the  application  of  a piece  of  ice  or  of  a freezing  mixture. 

But  two  metals  are  not  necessary  to  this  effect,  for  although  a plati- 
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num  wire,  soldered  to  the  extremes  of  a galvanometric  coil  and  heated, 
produces  no  effect,  yet  if  it  be  knotted  or  twisted,  a deflection  is  observed, 
showing  when  the  heat  is  applied  on  the  right  of  the  knot,  that  the 
direction  of  the  electric  current  is  towards  the  left : this  effect  is  ascribed 
to  the  unequal  rate  at  which  the  heat  travels  on  the  two  sides  of  the 
obstruction:  and  again,  if  the  wire  be  divided,  and  one  end  of  it  be 
cooled  and  the  other  heated,  especially  if  it  be  of  platinum,  the  needle  will 
deviate  when  the  ends  are  brought  into  contact,  indicating  a current  from 
the  hot  to  the  cold  surface.  If  a bar  of  bismuth  be  soldered  to  one  end 
of  the  galvanometer- wire  and  a bar  of  antimony  to  the  other,  no  effect 
is  produced  on  bringing  the  two  bars  into  contact  when  they  are  both  of 
the  same  temperature;  but  if  one  of  them  be  either  heated  or  cooled,  and 
then  made  to  touch  the  other,  the  flowing  of  an  electric  current  is  imme- 
diately indicated. 

The  term  stereo- electric  has  been  also  applied  to  this  current,  imply- 
ing its  production  in  solid  bodies  independent  of  a fluid  (from  crrepeo^^ 
solid)  as  opposed  to  the  voltaic  or  hydro-electric  current. 

By  forming  circuits  of  the  metals  taken  in  pairs,  they  may  be  arranged 
in  a series  descending  from  the  extreme  negative,  which  is  bismuth,  to 
the  extreme  positive,  antimony.  Their  thermo-electric  properties  have 
no  correspondence  either  with  their  voltaic  relations,  or  powers  of  con- 
ducting heat  or  electricity ; neither  do  they  accord  wdth  specific  gravity, 
specific  heat,  or  atomic  weights.  They  are,  however,  upon  the  whole,  most 
evident  in  those  metals  which  are  most  crystalline  in  their  texture.  In 
some  cases,  as  with  zinc  and  silver,  the  current  increases  up  to  a certain 
temperature  (250°) ; it  then  ceases,  and  on  increasing  the  heat  reappears 
in  a contrary  direction. 

From  the  indefinite  use  of  the  terms  negative  and  positive,  in  refer- 
ence to  the  electric  current  already  above  adverted  to,  and  from  want 
of  precision  in  regard  to  the  heated  and  cooled  junctions  of  the  metals, 
the  tables  of  their  thermo-electric  relations  are  often  difiicultly  intelligible. 
In  a compound  bar,  for  instance,  of  bismuth  and  antimony,  and  of  bis- 
muth and  silver,  the  direction  of  the  electric'-  212 

current  wall  be  from  the  bismuth  to  the  anti- 
mony, and  to  the  silver  at  the  heated  junctions. 

But  in  a compound  bar  of  silver  and  antimony, 
it  will,  under  the  same  circumstances,  be  from 
the  silver  to  the  antimony.  Fig.  212  represents 
compound  bars  or  thermo-circles  of  bismuth 
and  antimony,  bismuth  and  silver,  and  silver 
and  antimony;  and  assuming  the  junctions  h 
to  be  heated,  the  current  of  electricity  will  pass 
in  the  direction  of  the  darts.  Under  this  ac- 
ceptation of  the  term,  therefore,  each  metal  in 
the  following  thermo-electric  series  may  be  said 
to  be  positive  to  those  below,  and  negative  to  those  above. 

Thermo-electric  Series. 

Bismuth  Palladium  Lead  Copper  Iron 

Mercury  Cobalt  Brass  Silver  Arsenic 

Nickel  INIanganese  Rhodium  Zinc  Antimony 

Platinum  Tin  Gold  Cadmium 


Yol.  I. 


R 
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By  employing  several  alternations  of  each  bar,  and  alternately  heating 
and  cooling  their  junctions,  compound  thermo-electric  circles  of  increased 
intensity  may  be  obtained. 

According  to  the  experiments  of  Nobili,  thermo-electric  circuits  may 
be  formed  with  substances  of  lower  conducting  powers  than  the  metals. 
He  made  small  cylinders  of  porcelain  clay,  and  wrapped  round  the  end  of 
each  some  cotton  steeped  in  a conducting  liquid,  which  served  to  place 
them  in  direct  communication  with  a galvanometer;  one  of  the  ends  was 
reduced  to  a point,  and  after  heating  it  to  redness  by  a spirit-lamp,  was 
pressed  on  the  cold  extremity  of  the  other  cylinder,  when  a current  was 
established  from  the  hot  to  the  cold  part  of  the  arrangement.  This 
effect  has,  however,  been  ascribed  to  the  mutual  reaction  of  the  two  por- 
tions of  liquid  at  different  temperatures. 

All  the  phenomena  of  the  thermo-electric  current  show  it  to  depend 
upon  considerable  quantity  opposed  to  very  feeble  intensity  ; it  is  indeed 
apparently  sluggish  even  in  its  passage  through  metals ; in  that  respect 
therefore  directly  opposed  to  common  electricity.  It  is  most  easily  cog- 
nizable by  the  deflection  of  the  magnetic  needle ; it  has  been  made  to 
produce  heat,  light,  and  chemical  effects,  and  to  convulse  the  limb  of  a 
frog.  (Nobili,  Bih.  Univ.^  xxxvii.  15.  Botto,  ibid,  xxxiii.  359.  Wheat- 
stone. Bhil.  Mag,  x.  414.  Watkins,  ibid.  xl.  304,  399.) 

A beautiful  application  of  a thermo-electrical  apparatus  has  been 
made  by  Nobili  and  Melloni,  {Bull,  des  Sciences.,  1831,)  and  employed 
by  the  latter  in  his  experiments  on  radiant  heat : they  constructed  a 
thermo-electric  pile  of  thirty-six  pairs  of  small  plates  of  bismuth  and 
antimony,  and  attached  it  to  a delicate  galvanometer : it  was  so  sus- 
ceptible of  changes  of  temperature,  and,  therefore,  so  delicate  a thermo- 
scope., as  to  be  affected  by  the  warmth  of  the  hand  held  at  a consider- 
able distance  from  it : in  experiments  on  radiant  heat  it  is  rendered 
additionally  sensible  by  covering  one  of  its  faces  with  a thin  coating  of 
lamp-black.  (See  the  arrangement  at  p.  112.) 

Some  theorists  have  adduced  the  phenomena  of  thermo-electricity  in 
support  of  the  contact-theory  of  the  pile,  but  Faraday’s  arguments  and 
experiments  prove  that  the  two  series  of  phenomena  are  perfectly  dis- 
tinct ; a conclusion  also  sanctioned  by  the  researches  of  Becquerel. 
{Phil.  Trans.,  1840,  p.  122 ; Ann.  Ch.  et  Ph.,  xLi.  355,  xLvi.  275.) 

Phenomena,  in  some  respects  the  converse  of  those  which  we  have 
called  thermo-electric,  have  been  observed  by  Peltier.  When  a weak 
electric  current  from  a single  circuit  is  transmitted  through  a bar  of 
equal  lengths  of  bismuth  and  antimony  soldered  together,  from  the  anti- 
mony to  the  bismuth,  heat  is  evolved  at  the  point  of  junction,  but  if 
in  the  contrary  direction,  cold.  The  effects  are  appreciable  by  placing 
the  bulb  of  a delicate  thermometer  in  a hole  at  the  point  of  junction ; 
it  rises  80°  in  the  first  case,  and  sinks  6°  in  the  second.  If  the  bar 
be  placed  on  thawing  ice,  a little  water  may  thus  be  frozen  in  the 
cavity  made  for  the  thermometer. 

This  production  of  cold  by  the  voltaic  current  may  be  demon- 
strated also  in  a striking  way  by  the  secondary  thermo-electric  current 
which  it  tends  to  generate.  Let  a bar  of  bismuth  4‘5  inches  long,  0*4 
inch  square,  and  a similar  bar  of  antimony,  be  placed  across  each  other 
at  right  angles,  and  mortice  half  their  thicknesses  into  each  other  at  the 
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place  where  they  cross,  and  solder  them  together  with  tin.  On  con- 
necting two  of  their  ends  with  a galvanometer,  and  sending  a current 
through  the  others,  a deflection  of  the  needle  will  take  place  on  one 
side  from  the  current  generated  by  the  change  of  temperature ; when 
the  direction  of  the  current  is  reversed,  the  needle  will  be  deflected  in  the 
contrary  direction,  proving  that  an  opposite  change  of  temperature  has 
taken  place  from  the  reversal  of  the  current.  That  this  secondary  current 
is  not  due  to  any  diversion  of  the  primary  current,  may  be  proved  by  con- 
necting the  two  ends  of  the  same  bar  with  the  galvanometer,  and 
sending  the  current  through  the  other  bar,  when  no  effect  will  he 
produced. 

These  effects  of  what  may,  perhaps,  be  designated  as  eleclro-ther- 
mancy^  which  we  owe  to  M.  Peltier,  are  the  converse  of  those  of  thermo- 
electricity. (Daniell.  Introd.  § 883.) 

§ 17.  Magnetism. 

There  are  certain  native  oxides  of  iron  which  are  termed  magnetic 
iron  ores,  and  which  have  the  remarkable  property  of  attracting  iron 
filings  : when,  or  by  whom  this  property  was  originally  discovered,  is  not 
known ; but  the  Greeks  called  the  iron  ore  jjbayvrjTOS,  from  the  name,  as 
it  is  said,  of  a shepherd,  who  first  observed  it.  Pliny  describes  it  under 
the  name  of  magnes,  a term  said  to  be  derived  from  Magnesia,  a province 
of  Lydia,  where  this  ore  abounded. 

If  a bar  of  tempered  steel  be  rubbed  in  a certain  direction  with  this 
native  magnet,  or  loadstone,  it  is  itself  rendered  permanently  magnetic, 
and  acquires  properties  similar  to  those  of  its  source. 

There  are  other  means  by  which  magnetism  may  be  temporarily  or 
permanently  conferred  on  iron,  and  even  on  other  metals ; but  steel  is 
the  only  substance  (with  the  exception  of  nickel)  which  receives  and 
retains  it*:  of  these  sources  of  magnetism,  electricity  is  among  the  most 
remarkable,  and  a new  branch  of  science  has  arisen  out  of  the  pheno- 
mena thus  presented,  called  electro-magyietism ; it  is  to  render  the  details 
upon  this  subject  intelligible,  that  I shall  here  briefly  describe  the 
leading  properties  of  the  common  magnet,  without,  however,  entering 
into  the  theoretical  reasonings  which  have  been  founded  upon  them, 
and  which  refer  to  the  ultimate  cause  of  this  important  and  recondite 
property  t. 

The  most  obvious  properties  of  the  magnet  are — 1,  polarity ; 2, 
attraction  of  iron ; 3,  attraction  and  repulsion  of  another  magnet ; and, 
4,  the  production  of  magnetism  in  iron  l3y  induction. 


* In  making  a magnet,  a bai*  of  steel  is 
rubbed  in  one  direction  by  a magnet : great 
care  is  necessary  in  observing  the  direction, 
and  not  reversing  it,  for  a powerful  magnet 
may  be  presently  unmade,  or  rendered  un- 
magnetic,  by  passing  a magnet  over  it  in  an 
opposite  direction  to  that  in  w'hich  its  mag- 
netism had  originally  been  conferred.  A 
good  abstract  of  the  methods  of  making 
artificial  magnets,  will  be  found  in  the 
Library  of  Useful  Knowledge,  (Magnetism, 
p.41.) 


•f*  The  compendium  of  magnetism  and 
electro -magnetism  by  Dr.  Roget,  in  the 
Library  0/  Useful  Knowledge,  Professor 
Cumming’s  Manual  of  Electrodynamics, 
the  articles  on  “Magnetism”  in  the  En- 
cyclopedia Metropolitana,  and  the  papers 
of  Professor  Faraday  in  the  Phil,  Trans., 
are  the  authorities  to  which  1 refer  those 
who  w'ish  for  information  upon  the  above 
subjects,  and  for  particulars  incompatible 
with  the  object  of  this  Manna!. 
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1.  Polarity.  If  a slender  bar,  or  needle,  of  steel  rendered  magnetic, 
be  poised  on  a central  point,  or  suspended  by  a thread  so  as  to  have  per- 
fectly free  motion  in  a horizontal  plane,  and  to  be  uninfluenced  by  neigh- 
bouring ferruginous  bodies,  it  will  for  a time  oscillate  to  and  fro,  and 
ultimately  settle  in  a position  nearly  north  and  south;  and  if  again  dis- 
turbed, it  will  vibrate,  and  again  assume  the  same  direction,  which, 
therefore,  is  called  the  magnetic  meridian ; this  constitutes  magnetic 
polarity^  and  the  ends  of  the  needle  pointing  north  and  south  are  usually 
called  its  north  and  south  poles. 

2.  Attraction  op  Iron.  On  bringing  either  pole  of  a magnet  near 
a small  piece  of  iron,  it  will  be  attracted ; and  if  iron  filings  are  used, 
they  will  cluster  about  the  pole.  From  the  way  in  which  the  filings 
adhere,  it  appears  that  in  the  common  magnetic  needle,  the  great  attrac- 
tive force  is  near  its  extreme  ends,  or  at  its  poles.,  and  that  it  diminishes 
towards  the  centre,  at  or  near  which  no  attraction  exists.  These  attrac- 
tions are  of  course  mutual.,  that  is,  the  iron  attracts  the  magnet,  and  vice 
versa. 


213 
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3.  Attraction  and  Repulsion  of  another  Magnet.  If  we  bring 
the  pole  of  another  magnet  near  that  which  is  poised,  we  shall  find  that  if 
the  two  similar  poles  be  presented  to  each  other,  they  exhibit  a mutual 
repulsion;  but  that  the  dissimilar  poles  mutually  attract  each  other; 
here,  therefore,  we  observe  an  analogy  between  magnetism  and  electricity, 
inasmuch  as  between  similar  powers  there  is  repulsion.,  and  between 
dissimilar  powers,  attraction. 

4.  Magnetic  Induction.  If  a bar  of  iron  be  brought  near  a magnet, 
the  iron  acquires  temporary,  or  induced  magnetism;  and  here  again 

analogy  to  electric  induction 
will  be  observed.  Let  a,  fig. 

’ 213,  represent  a bar  magnet,  and 
b a bar  of  unmagnetic  and  soft 
iron,  brought  to  within  a short  distance  of  the  south  pole  oi  a : it  will 
then  be  found,  that  whilst  in  this  situation,  6 is  a magnet,  the  poles  of 
which,  n'  s',  are  opposed  to  those  of  a,  and  consequently  attraction  sub- 
sists between  ^ and  n ; and  if  a second  piece  of  soft  iron,  c,  be  placed 
near  b,  it  will  also  become  polar,  n"  being  its  north,  and  s"  its  south  pole, 
consequently  s'  and  n"  will  attract  each  other ; on  withdrawing  a all 
magnetic  properties  in  b and  c immediately  vanish. 

The  experiment  may  be  modified,  as  shown  in  fig.  214,  where  a is  the 
magnet,  b a short  bar  of  iron,  c an  iron  key,  and  d several  iron  bullets ; 

the  magnetism  in  6 c and  d is  here  induced  by 
a;  the  respective  north  and  south  poles  are 
produced  and  attracted  as  before,  and  each 
bullet  acquires  a similar  polarity  by  which  they 
are  mutually  held  together ; if  « be  now  care- 
fully withdrawn  to  within  a very  short  distance 
oi  b,b  c and  d will  still  retain  their  induced  magnetism : but  on  remo- 
ving a to  a greater  distance,  b c and  d will  drop  asunder,  and  all  mag- 
netism disappear.  When,  therefore,  a cluster  of  iron-filings  is  held  by 
the  pole  of  a magnet,  each  particle  of  iron  is  polar,  and  the  whole  is  an 
analogous  result  of  induction. 

It  has  been  observed  that  when  a magnet  is  acting  upon  a piece  of 
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soft  iron  by  induction,  as  in  the  case  of  a and  5,  fig.  213,  tlie  power  or 
intensity  of  the  magnetism  in  a suffers  an  increase,  and  its  poles,  whilst 
under  induction,  have  a greater  attractive  power,  and  will  sustain  a 
greater  weight  than  when  that  influence  is  removed. 

The  intensity  of  magnetic  power  developed  by  induction  in  an  iron 
bar,  is  inversely  as  the  distance  of  the  inducing  pole  from  the  adjacent 
end  of  the  bar  on  which  it  acts ; and  the  intensity  of  magnetism  in- 
duced on  the  remote  end  of  the  bar  is,  with  the  same  inductive  power 
acting  on  the  nearer  end,  inversely  as  the  length  of  the  bar.  (Harris. 
{Trans.  R.  S.  Edifi.,  1829.) 

When  a magnet,  instead  of  being  applied  as  in  fig.  213,  to  the  end  of 
an  iron  bar,  is  applied  to  its  centre  (fig.  215),  both  the  extremities  assume, 
by  induction,  a magnetic  state  similar 

to  that  of  the  pole  of  the  inducing  

magnet,  and  the  centre,  an  opposite  ^ 
state;  and  if  the  north  pole  of  a 
magnet  be  applied  to  the  centre  of  a 
circular  disc  of  Ron.,  so  that  its  axis 
may  be  perpendicular  to  it,  the  plate 
will  have  a central  south  pole.,  and 
every  part  of  the  circumference  will  acquire  the  properties  of  a weak 
north  pole,  as  in  fig.  216. 

The  following  experiment  illustrates  the  phenomena  of  induction 
and  of  magnetic  attraction  and  repulsion.  Attach  two  short  pieces  of 
iron-wire  to  a thread,  and  suspend  them  oppo- 
site to  each  other  as  in  fig.  217-  Then  bring 
the  pole  of  the  magnet,  s,  slowly  towards 
them  ; the  wires  will  gradually  diverge  because 
they  become  magnetic  by  induction,  and  their 
north  poles  n n,  and  south  poles  s s,  are  thus 
rendered  similarly  magnetic ; but,  on  advancing 
the  pole  of  the  magnet  nearer  to  the  wires,  as 
in  fig.  218,  its  attractive  power  overcomes  the 
repulsion  that  exists  between  the  ends  n n,  and 
they  are  consequently  drawn  towards  s,  while 
the  repulsion  between  ^ .y  is  increased.  It  is 
upon  this  principle  that  the  filaments  of  polar 
iron-filings  adhering  to  the  pole  of  a strong 
magnet,  diverge,  or  are  repelled  by  each  other. 

All  the  magnetic  properties  induced  in  soft  iron  cease  when  it  is 
heated  to  bright  redness ; so  that  if  we  heat  the  whole  of  a small  iron 
bar  up  to  that  point,  and  then  bring  it  near  a magnetic  needle,  it  will  not 
aftect  it ; as  soon  as  it  is  cooled  down  to  a common  red  heat,  the  mag- 
netism gradually  returns,  and  is  stronger  than  in  the  cold  iron  : but  there 
is  one  particular  period  during  cooling,  between  the  white  and  red  heat, 
at  which  the  induced  polarity  is  inverted ; or  in  which  the  iron  attracts 
the  needle  the  contrary  way  to  what  it  does  when  it  is  cold.  (Barlow, 
Phil.  Trans.,  1822,  p.  118.)  We  also  find  that  the  permanent  mag- 
netism of  a steel  needle  is  diminished  by  a moderate  heat,  and  that  a red 
heat  totally  destroys  it.  Mr.  Faraday  found  the  induced  magnetism  of 
nickel  to  be  destroyed  by  a heat  below  redness,  and  conceives  it  probable 
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tliat  tlie  unmagiietic  metals  are,  at  common  temperatures^  in  the  same 
relation  to  magnetism  as  iron  at  a bright  red  heat^  and  that  at  some 
very  low  temperature  they  would  exhibit  a similar  relation  to  magnetism 
with  that  belonging  to  iron  at  common  temperatures.  (In  reference  to 
the  influence  of  temperature  upon  magnetism,  see  a paper  by  Mr. 
Christie.  Phil.  Trans..,  1825.) 

It  is  obvious,  from  the  position  assumed  by  the  magnetic  needle 
when  freely  moving  in  an  horizontal  plane,  that  there  is  some  attractive 
force  in  the  earth,  which  causes  it  to  assume  a constant  direction,  and 
that  what  we  have  termed  the  north  pole  of  the  magnet,  is  attracted 
towards  the  north  pole  of  the  earth,  and  its  south  pole  by  the  south  pole 
of  the  earth ; and  hence  it  is  inferred,  according  to  the  above  stated  law 
of  magnetic  attraction,  that  the  poles  of  the  earth  are  in  an  opposite 
magnetic  state  to  those  of  the  needle. 

But  the  earth  has  also  a further  influence  upon  an  artificial 
magnet,  which  is  only  rendered  evident  when  it  is  so  suspended  as  to 
move  freely  in  every  direction.  Under  these  circumstances,  and  in  our 
latitudes,  the  no7'th  pole  of  the  needle  is  attracted  downrvards.,  as  well  as 
to  the  north,  and  assumes  a position  almost  vertical,  that  is,  making  an 
angle  with  the  plumb  line  of  about  20°:  this  inclination  to  the  horizontal 
plane  is  called  the  dip  cyf  the  magnetic  needle. 

These,  and  other  phenomena,  have  been  ascribed  to  the  influence 
of  a magnetic  power  in  the  earth:  Dr.  Halley  regarded  the  globe  as 
constituting  a great  magnet  having  four  poles,  two  to  the  north  and  two 
to  the  south,  at  considerable  and  unequal  distances  from  the  poles  of  the 
earth.  {Miscellanea  Curiosa : as  quoted  by  Dr.  Thomson  on  Heat  and 
Electricity.,  p.  546.)  Two  of  these  poles,  one  to  the  north  and  one  to 
the  south,  are  supposed  to  he  fixed.,  the  other  two  inoveahle.  Mr.  Hansteen 
has  adopted  a similar  hypothesis,  and  the  changes  in  the  direction  and 
dip  of  the  needle,  or  the  variatio7i  of  the  compass,  have  been  referred  to 
such  causes*:  these,  however,  are  subjects  which  it  is  unnecessary  to 
pursue  here,  and  I have  only  thus  far  adverted  to  them  to  remind  the 
student  of  the  necessity  of  taking  the  influence  of  the  earth’s  magnetism 
into  the  account,  in  all  cases  where  we  speak  of  this  power,  and  to 
explain  another  cause  of  the  temporary  and  permanent  production  of  mag- 
netism in  iron  and  steel,  resulting  exclusively  from  the  earth’s  influence. 

When  a bar  of  soft  iron  is  held  nearly  vertical,  or  in  the  direction  of 
the  dipping  needle,  its  ends  are  no  longer  indifferently  attractive  of  a 
poised  magnet ; but  (so  long  only  as  it  continues  in  or  near  that  position) 
it  is  polar,  the  lotver  end  of  the  bar  being  a north  pole,  and  the  upper  end 
a south  pole,  and  it  affects  the  magnetic  needle  accordingly.  We  now 
need  only  place  the  bar  in  a horizontal  position,  and  both  ends  then 
indifferently  attract  the  poles  of  the  needle;  or  in  other  words,  the 


* In  the  year  1660,  the  magnetic  needle 
in  London  pointed  exactly  north  and  south, 
London  being  at  that  time  in  the  line  of  no 
variation.  Before  that  period,  the  varia- 
tion was  to  the  east,  but  after  the  year 
1660,  the  variation  became  westerly,  the 
line  of  no  variation  therefore  has  been 
progressively  but  slowly  moving  in  a west- 


erly direction,  and  has  now  passed  to  North 
America.  At  London,  the  westerly  varia- 
tion continued  to  increase  till  1818,  when  it 
amounted  to  24°  30' ; this  appears  to  have 
been  its  maximum,  and  since  that  time  it 
has  somewhat  diminished.  The  dip  has 
undergone  corresponding  changes;  in  1773 
the  dip  was  72°  19' ; in  1830,  69°  38'. 
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induction  of  the  earth  is  neutralized  and  vanishes.  It  is  not  uncommon 
to  find  bars  of  steel,  which  have  long  remained  in  a nearly  vertical 
position,  permanently  magnetic;  that  polar ; this  is  often  the  case 
with  the  poker  and  tongs;  and  there  is  a curious  mode  of  making  a 
magnet,  dependent  upon  the  same  cause,  which  consists  in  holding  a 
bar  of  steel  in  the  direction  of  the  magnetic  dip,  and,  striking  it  whilst 
in  that  position,  a few  smart  blows  with  a hammer;  the  upper  and  lower 
ends  then  become  south  and  north  poles.  If  a bar  of  steel  already 
magnetized,  and  not  in  this  position,  be  similarly  treated,  it  loses  its 
magnetism:  and  hence  the  necessity  of  caution  in  using  good  magnets,  to 
avoid  striking  them  or  letting  them  fall,  by  which  their  magnetism  is 
more  or  less  weakened. 

The  manner  in  which  the  magnetic  force  emanates  from  the  poles  of 
a magnet  is  well  illustrated,  by  placing  two  magnetized  bars  with  their 
opposite  poles  about  an  inch  asunder,  under  a sheet  of  writing-paper,  and 
then  sifting  iron  filings  upon  the  paper;  they  will  assume  a peculiar  and 
beautiful  arrangement,  showing  the  direction  of  the  magnetic  curves^ 
(somewhat  as  in  the  annexed  figure 


219,)  which  is  perfected  by  gently 
shaking  or  tapping  the  paper  to  as- 
sist their  polar  adhesions.  If  we 
place  a piece  of  soft  iron  between 


the  poles,  and  within  the  curves  at  c,  it  becomes,  as  already  explained, 
magnetic,  by  induction.  These  curves  or  currents  are  well  shown  be- 
tween the  poles  of  what  is  commonly  called  a horse-shoe  magnet^  in  which 
the  magnetized  bar  is  bent  into  that  form.  (fig.  220.)  n s are  its  north 
and  south  poles;  s'  n'  are  tbe  induced  north  and  south  poles 
of  a bar  of  soft  iron,  commonly  called  the  holder^  and  which, 
when  applied  to  the  magnet,  is  powerfully  attracted.  A 
scale-pan  may  be  conveniently  attached  to  the  holder  for  de  - 
termining the  power  of  the  magnet  by  the  w'eight  which  it 
will  sustain. 

As  iron  and  steel,  when  free  from  magnetism,  are  attracted 
only  in  consequence  of  induction,  it  follows  that  the  degree 
of  susceptibility  to  induction  may  be  measured  by  the  at- 
traction which  results  from  this  property.  AYith  this  view, 

Mr.  Barlow  {Phil.  Trans. ^ 1822,  p.  117)  made  a series  of  experiments 
to  ascertain  the  relative  attraction  which  different  species  of  iron  and  steel 
had  for  the  magnet,  and  obtained  the  following  results,  the  relative  mag- 
netic power  of  each  substance  being  expressed  by  numbers. 


Malleable-iron 100 

Soft  cast-steel  74 

Soft  blistered- steel  67 

Soft  shear-steel  66 


Hard  blistered-steel 53 

Hard  shear-steel  53 

Hard  cast-steel  49 

Cast-iron  48 


Mr.  Hatchett  found  that  the  protosulphuret  wadi  phosphu ret  of  iron  were 
susceptible  of  receiving  and  retaining  magnetism ; in  this  respect,  tliere- 
fore,  they  resemble  the  magnetic  oxide  of  that  metal,  and  steel : the  perox- 
ides, the  persulphurets,  and  plumbago,  natural  and  artificial,  are  not  mag- 
netic: his  suggestions,  in  reference  to  the  magnetic  properties  of  the 
above  compounds,  and  of  the  circumstances  Avhich  interfere  with  those 
of  the  varieties  of  cast-iron,  deserve  further  consideration.  {Phil, 
Trails..^  1804.) 


§ 18.  Electro-Magnetism^. 

Having,  in  the  preceding  section,  defined  the  meaning  of  the  term 
magnetism^  we  now  proceed  to  examine  the  evolution  of  magnetism  by 
electricity;  this  important  discovery  was  made  in  1819,  by  Professor 
CErsted,  of  Copenhagen. 

All  the  effects  we  are  about  to  describe  depend  entirely  upon  electricity 
in  motion^  or  upon  electric  currents^  and  are  directly  proportionate  to  the 
quantity  of  electricity:  nothing  of  the  kind  is  produced  by  electricity  of 
tension^  nor  are  they  apparently  increased  by  increasing  the  intensity  of 
the  current.  Hence,  for  their  development,  voltaic  electricity  is  infinitely 
more  effective  than  common  electricity;  and  those  forms  and  conditions 
of  the  voltaic  arrangements  which  are  calculated  to  produce  quantity 
rather  than  intensity,  are  required ; hence  also  perfect  metallic  contact  of 
the  conductors  employed  must  be  observed. 

When  a wire  transmitting  the  volta- electric  current  (and  which  may 
be  called  the  connecting  wire^)  is  brought  near  a common  magnetic  needle, 
it  has  the  power  of  attracting  and  repelling  it,  in  obedience  to  very  peculiar 
laws.  If  a magnetic  needle  be  left  to  take  its  natural  direction,  and  then 
a straight  portion  of  the  connecting  wire  be  brought  above  and  parallel  to 
it,  the  end  of  the  needle  which  is  next  the  negative  pole  of  the  battery 
moves  towards  the  west,  and  that,  whether  the  wire  be  on  the  one  or  other 
side  of  the  needle,  so  that  it  be  above  and  parallel  to  it.  If  the  connect- 
ing wire  be  sunk  on  either  side  of  the  needle,  so  as  to  come  into  the  hori- 
zontal jjlane  in  which  the  needle  is  allowed  to  move,  there  is  no  motion 
of  the  needle  in  that  plane,  but  the  pole  of  the  needle  attempts  to  move  in  a 
vertical  circle,  and  but  for  the  imperfect  suspension,  and  the  earth’s  mag- 
netism, would  do  so.  When  this  wire  is  on  the  east  of  the  needle,  the  pole 
next  the  negative  end  of  the  battery  is  elevated,  and  when  on  the  west 
of  the  needle  it  is  depressed.  If  the  connecting  wire  be  now  sunk  below 
the  level  of  the  needle,  similar  attractions  and  repulsions  take  place,  but  in 
opposite  directions  to  those  followed  when  it  is  above.  The  pole  of  the 
needle  opposite  the  negative  end  of  the  battery  now  moves  eastward, 
whatever  the  position  of  the  wire,  so  that  it  be  restricted  as  above. 

In  discussing  the  relations  of  the  electric  and  magnetic  currents  indi- 
cated by  this  experiment,  it  may  be  useful,  instead  of  indiscriminately 
using  the  terms  north  and  south,  east  and  west,  and  negative  and  positive, 
to  employ  them  in  reference  to  the  following  position.  If  we  stand  with 
the  face  towards  the  north,  and  the  current  of  electricity  pass  in  the  same 
direction,  that  is,  from  the  south  to  the  north  (parallel  with  the  magnetic 
meridian,)  then  the  magnetic  needle,  when  above  the  electric  current,  will 
turn  to  the  left,  or  to  the  west;  and  below  the  Current,  to  the  right  or  to 
the  east;  its  north  pole  will  be  elevated  when  on  the  east  side  of  the 
current,  and  depressed  when  upon  the  west,  and  will  have  a tendency, 
therefore,  to  revolve  round  the  electric  current  in  a direction  from  east  to 
west,  or  from  right  to  left. 


* The  reader  who  may  be  desirous  of 
historical  details  and  referen(;es  to  authors, 
upon  this  subject,  may  advantageously 


consult  Mr.  Faraday’s  “ Historical  Sketch 
of  Electro-magnetism,”  in  the  Annals  of 
FMlosoiihy . (New  Series,  ii.) 
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In  the  diagram  (fig.  221)  the 
electric  current  is  supposed  passing 
through  the  conducting- wire  pw(I), 
in  the  direction  s N,  in  which  case 
the  magnetic  needle,  placed  above 
it,  has  its  marked  or  north  pole  de- 
flected towards  the  west,  and  (as  in 
2),  placed  below  it,  towards  the  east. 

The  following  contrivance  of  Dr.Roget  is  useful  in  assisting  the  memory 
respecting  the  details  of  these  affections.  A b (fig.  222)  is  a slip  of  card, 
on  each  side  of  which  a line  a b is  drawn  along  the  middle  of  its  length, 
the  end  a being  marked  -f,  the  end  b — , and  the  centre  c,  being  crossed 
by  an  arrow  at  right  angles  to  it,  directed  as  in  the  figure.  Through  the 
centre  and  at  right  angles  to  the  plane  of  the  slip  of  card,  there  is 
made  to  pass  a slender  stem  of  wood,  at  the  two  ends  of  which  are  fixed 
in  planes  parallel  to  the  slip  of  card  a b,  the  circular  discs  of  card, 
marked  respectively  with  the  letters  n and  s,  and  with  arrows  parallel  to, 
but  pointing  in  a contrary  direction  to  the  one  at  c.  The  same  marks 
must  be  put  on  the  reverse  of  each  of  the  three  pieces  of  card,  so  that 
when  held  in  different  situations  they  may  be  seen  without  turning  the 
instrument. 

If  the  line  a b he  supposed  to  represent 
the  galvanic  wire  (the  direction  of  the  cur- 
rent of  electricity  being  denoted  by  the 
signs  4"  and  — , at  the  ends  of  the  line),  the 
arrow  at  the  centre  will  point  out  the  di- 
rection in  which  that  wire  tends  to  move, 
when  under  the  influence  of  the  north  pole 
of  a magnet,  situated  at  n;  or  of  a south 
pole  situated  on  the  other  side  at  s:  and 
vice  versa,  the  arrows  at  n and  s will  indi- 
cate the  directions  in  which  the  north  and 
south  pole,  respectively,  tends  to  revolve 
round  the  galvanized  wire  in  its  vicinity, 
wuth  relation  to  the  direction  of  the  current 
of  electricity  that  is  passing  through  it. 

It  must  be  observed  that  the  poles  N 
as  in  connexion  with  each  other,  or  as  forming  parts  of  one  magnet;  their 
operations  are  exhibited  singly,  and  quite  independently  of  each  other. 
The  advantage  of  this  little  instrument  consists  in  its  being  capable  of 
being  held  in  any  situation,  and  thus  easily  adapted  to  the  circumstances 
of  any  fact  or  experiment  of  which  we  may  wish  to  examine  the  theory. 

All  substances,  which  admit  of  the  transfer  of  the  electric  current, 
exhibit  similar  phenomena;  but  the  best  conductors,  or  those  which  appear 
to  afford  the  least  resistance  to  the  current,  are  those  which  become  most 
powerfully  magnetic : the  metals,  therefore,  stand  in  the  order  of  their 
electro-conductive  powers;  and  when  liquids  are  used,  the  best  conductors 
among  them  are  those  by  which  the  magnetic  needle  is  most  powerfully 
affected.  The  electric  current  itself,  when  passing  through  rare  air, 
exhibits  the  same  phenomena.  Every  part  of  the  conductor,  of  course, 
exhibits  similar  phenomena,  and  everything  through  which  the  current  is 


A 


and  s are  here  not  considered 
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passing;  the  connecting  wire,  therefore,  so  long  as  the  current  is  passing 
through  it,  is  everywhere  attractive  of  iron-filings ; and  the  voltaic  pile 
itself  acts  upon  the  needle,  precisely  as  the  connecting-wire. 

From  the  manner  in  which  the  needle  is  affected  when  placed  parallel 
to  either  side  of  the  electric  current,  it  was  inferred  that  a current  of 
magnetism  (as  it  may  be  termed)  is  put  into  motion  hy  the  electric  cur- 
rent, so  as  to  circulate,  as  it  were,  at  right  angles  to  the  latter:  hence 
Dr.  Wollaston  termed  it  vertiginous  magnetism;  or,  as  Mr.  Barlow  ex- 
pressed it,  the  magnetic  force  exerts  a tangential  action.  Let  us,  there- 
fore, suppose  fig.  223  to  represent  the  conductor 
through  which  the  electric  current  is  passing  from 
end  to  end  in  the  direction  of  the  dart  p,  then  the 
small  arrows  will  represent  the  direction  of  the  cir- 
culating current  of  magnetism.  In  fig.  224  both 
currents  are  moving  in  the  opposite  direction. 
Supposing  the  wires  or  conductors  above  repre- 
sented placed  side  by  side  and  parallel  to  each  other,  they  will  obviously 
be  magnetically  repulsive.,  because  similar  magnetic  polarities  (as  shown 
by  the  horizontal  darts)  are  opposed  to  each  other;  but  if  we  invert  either 
conductor,  or,  what  amounts  to  the  same  thing,  change  the  direction  of 
the  electric  current  in  it,  they  will  then  become  magnetically  attractive, 
because  the  dissimilar  magnetic  polarities  are  then  opposed  to  each  other. 
So  that  two  wares  in  which  the  electric  current  is  passing  in  the  same 
direction  are  magnetically  attractive;  and  two  wires,  in  which  the  electric 
current  is  passing  in  opposite  directions,  are  magnetically  repulsive. 

Impressed  with  this  view  of  the  relative  motions  of  the  electric 
and  magnetic  currents,  Mr.  Faraday  conceived  that  the  pole  of  the 
magnet  ought  to  revolve  about  the  electric  conductor,  and  the  electric 
conductor  about  the  pole  of  the  magnet,  and  by  the  following  ingenious 
apparatus  he  succeeded  in  the  experimental  verification  of  the  theory*. 

Fig.  225  represents  two  glass  vessels,  a and  b,  placed  side  by  side, 
with  their  appendages.  In  A the  motion  of  a magnetic  pole  round  the 

connecting- wire  (or  electric  cur- 
rent) is  produced,  and  in  b the 
connecting-wire  moves  round 
the  pole  of  the  magnet.  That  a 
current  of  electricity  may  be 
established  through  the  cup  a,  a 
hole  is  drilled  at  the  bottom,  and 
into  this  a copper  pin  is  ground 
tight,  which  projects  into  the 
cup,  and  is  rivetted  below  to  a 
small  round  plate  of  copper, 
which  forms  part  of  the  foot  of 
the  vessel,  and  communicates 
with  the  connecting- wire  a.  A 
small  cylindrical  and  powerful 
magnet  b has  a piece  of  thread 


* Mr.  Faraday's  original  papers  on  this 
subject  will  be  found  in  the  Quarterly 
Journal  of  Science  and  the  Arts,  vol.  xii., 


pp.  75,  186,  283,  and  416.  The  date  of 
the  first  is  September  11,  1821. 
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fastened  to  one  of  its  poles,  by  which  it  is  attached  to  the  copper  pin 
at  the  bottom  of  the  cup,  and  so  adjusted,  that  when  the  cup  is  full  of 
clean  mercury,  the  free  pole  b floats  almost  upright  at  the  surface. 
The  stem  of  the  vessel  b is  tubular,  and  a copper  socket  is  attached  to  its 
copper  foot,  in  connexion  with  the  conductor  a',  which  holds  the  magnet, 
b',  projecting  above  the  centre  of  the  mercury.  In  these  cups  of  mer- 
cury, therefore,  the  two  magnets  are  similarly  arranged,  except  that  in  a 
the  pole  is  moveable,  and  in  b,  fixed,  c is  a brass  stem  and  cross-wire 
prolonged  by  a smaller  wire  into  the  cup  of  mercury  a,  on  one  side,  and 
on  the  other  into  b,  but  on  this  side  the  conducting-wire  c is  suspended 
by  a loop,  so  as  freely  to  move  round  the  end  of  the  magnet  b'.  If  a be 
now  connected  with  the  positive,  and  a'  with  the  negative  voltaic  wire, 
so  that  the  electric  current  may  traverse  the  apparatus  in  the  direction 
of  the  darts,  the  moveable  magnetic  pole  h will  revolve  about  the  fixed 
conductor;  and  the  moveable  conductor  c will  revolve  about  the  fixed 
magnetic  pole  b' , On  changing  the  direction  of  the  electric  current,  that 
of  the  respective  rotatory  motions  will  also  be  changed. 

Since  this  discovery,  a great  variety  of  rotatory  electro-magnetic 
apparatus  has  been  suggested  and  contrived,  in  which  the  electric  and 
magnetic  currents  are  mutually  made  to  produce  the  revolutions  of  con- 
ductors about  each  other,  and  about  their  own  axes,  in  most  of  which 
volta-electricity,  and  in  some,  thermo-electricity  is  used:  of  these,  a good 
account  will  be  found  in  the  Library  of  Useful  Knowledge  already  quoted, 
and  in  Mr.  F.  AYatkins’  popular 
sketch  of  electro-magnetism  and 
electro-dynamics. 

Referring  to  the  statement  just 
given  of  the  manner  in  which  the 
magnetic  needle  is  affected  by  the 
electric  current,  the  construction  and 
use  of  that  valuable  instrument  the 
galvanometer^  which  has  been  so  often 
referred  to,  and  which  was  originally 
suggested  by  Schweigger,  will  easily 
be  understood.  In  its  simplest  form 
it  consists  of  a magnetic  needle,  so 
poised  as  to  be  affected  by  an  electric 
current  passing  above  and  below  it, 
as  in  fig.  226,  where  p and  n are  two 
small  copper  cups,  each  containing 
a little  mercury,  for  the  purpose  of 
connexion  with  the  voltaic  or  other 
source  of  the  electric  currrent,  which 
moving  in  opposite  directions  in  the 
upper  and  lower  portions  of  the  wire, 
as  shown  by  the  darts,  will  conspire 
in  both  cases  to  deflect  the  needle 
from  its  natural  position,  in  the  same 
direction,  and  to  bring  it  into  a posi- 
tion nearer  to  a right  angle  to  the 
plane  of  the  wires. 
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To  multiply  this  effect,  and  to  render  the  instrument  a more  sus- 
ceptible indicator  of  feeble  electric  currents,  the  convolutions  of  the  wire 
are  multiplied,  and  the  lateral  transfer  of  electricity  prevented,  by 
coating  it  with  silk,  or  sealing-wax;  and  instead  of  supporting  the  needle 
upon  a pivot,  it  is  suspended  by  a fine  thread  of  silk,  or,  as  suggested  by 
Professor  Ritchie,  {Phil.  Trans..^  1830,  p.  218,)  by  a filament  of  spun- 
glass;  the  sensibility  of  the  instrument  is  further  increased  by  employing 
two  needles,  one  above  and  the  other  within  the  coil,  and  placed  pa- 
rallel, but  with  their  poles  opposed,  so  as  to  neutralize  the  magnetic 
influence  of  the  earth : to  this  instrument  a divided  circle  is  so  attached 
as  to  enable  the  observer  readily  to  read  off  the  deviation.  This  form  of 
galvanometer,  or  electro-magnetic  multiplier.^  is  shown  in  fig.  227  (in  sec- 
tion), w ^ is  the  lower  needle,  surrounded  by  the  coil  of  wire,  and  con- 
nected with  the  upper  needle,  s n,  by  an  intermediate  piece  of  straw, 
which  passes  through  the  upper  part  of  the  horizontal  coil,  and  through 
the  circular  card  above  it,  on  which  the  graduated  circle  is  drawn,  and  is 
attached  to  the  torsion  filament  suspended  from  a screw,  supported  by 
the  frame  of  the  instrument. 

From  the  direction  of  the  magnetic  as  opposed  to  the  electric  current, 
it  is  obvious  that  an  iron  or  steel  needle  placed  transversely  to  the  con- 
necting-wire, as  in  fig.  228,  will  acquire  magnetic  polarity.,  and  that  if 
p p N represent  the  conducting-wire,  and  s n the  needle,  the 

nature  of  its  polarity  will  depend  upon  its  being  above  or 
below  the  electric  current.  But  in  thus  making  a magnet, 
either  temporarily  of  iron,  or  permanently  of  steel,  a great 
increase  of  power  is  obtained  by  winding  the  connecting- 
wire  (which  in  this  case  must  be  covered  with  silk  to  pre- 
vent contact  of  the  metallic  surfaces)  round  the  iron  bar, 
in  the  form  of  a close  spiral,  the  effect  of  which  will  be, 
in  the  first  place,  a close  assimilation  in  the  coil  itself  to  a magnetic 
needle,  and  in  the  next  a great  increase  in  the  general  magnetic  effect, 
as  will  be  apparent  from  the  following  considerations.  Let  p 7^,  fig.  229, 

represent  a straight  conducting- wire,  through 


228 


N 
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^ V V V which  an  electric  current  is  passing  in  the 

f ' ' ' ' 1 — !...  * ~U  direction  of  the  large  dart;  the  small  darts 

will  then  show  the  direction  of  the  magnetic 
influence  or  vortex : if  we  now  coil  this  wire  into  a spiral  the  magnetism 
will  tend  the  same  way  in  each  convolution,  as  in  fig.  230,  where  the 
conducting-wire,  (in  which  the  direction  of  the  mag7ietic  current  is  indi- 
cated by  the  darts,)  is  supposed  to  be  wound  spirally  round  a glass  tube, 

and  where  n s represents  a 
steel  bar  in  the  axis  of  the 
tube  and  spiral,  in  which 
case  it  becomes  a powerful 
magnet.  If  a glass  tube 
thus  surrounded  by  a coil  of 
wire  traversed  by  an  ade- 
quate electric  current  be  held  vertically^  it  will  actually  draw  up  an  iron 
needle  and  retain  it  in  its  axis,  against  the  force  of  pavity. 

If  such  a wire  be  wound  round  a bar  of  soft  iron,  it  is  rendered  a 
very  powerful  magnet  during  the  passage  of  the  electric  current ; and  by 
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employing  a bent  bar  of  iron,  (fig.  231,)  and  connecting 
the  extremes  of  the  wire  p and  n with  the  positive  and 
negative  mercurial  cups  of  the  single  voltaic  plates 
shown  in  fig.  169,  a most  powerful  form  of  the  horse- 
shoe magnet  is  obtained. 

From  the  description  of  the  heliacal  or  spiral  ar- 
rangement just  given,  we  can  understand  how  a voltaic 
magnet  may  exactly  resemble  a common  magnet,  in  its 
obedience  to  other  magnets  and  to  the  earth’s  polarity. 
This  is  well  shown  in  De  la  Rive’s  floating  electro- 
ma^ynet  (fig.  232),  in  which  the  copper  cup  and  zinc 
plate  forming  the  simple  voltaic  circle,  is  inserted  into 
a glass  cylinder  adapted  for  floating  in  water:  the  ends 
of  the  spiral  being  soldered  to  the  wires  n p.  Here  the 
spiral  represents  the  magnetic  needle  placing  itself  in 
the  magnetic  meridian,  and  being  obedient  to  another 
magnet  brought  to  either  of  its  poles. 


We  have  an  interesting  modification  of  this  apparatus  in  De  la  Rive  s 
single  or  circular  magnetic  coil,  which  may  he  constructed  as  follow^  7.  c 
(fig.  233)  are  a zinc  and  copper  plate  attached  to  a piece  of  cork  su  cien 
to  float  the  whole  apparatus,  with  the  plates  immersed  in  a hasinof  Mute 
sulphuric  acid.  A copper  wire  is  soldered  to  the  copper  plate,  and  being 
covered  with  silk  thread  is  formed  into  six  or  eight  circular  convolutions, 
its  other  end  being  soldered  to  the  zinc  plate.  When  this  arrangement 
is  floating  in  dilute  acid,  a current  of  electricity  traverses  the  ciicles  of 
wire  in  the  direction  of  the  darts,  and  a magnet  n s presented  horizontally 
to  its  axis  causes  the  ring  to  move  towards  it,  till  it  reaches  ^ 

where  it  pauses  in  a state  of  equilibrium.  _ 

net,  and  reversing  its  poles,  (whilst  the  ring  is  held  in  its  first  positio  ,) 

pass  it  half  way  through  the  ring,  it  may  possibly  ™ 5 ‘ 

Lium,  but  the  slightest  change  of  position  causes  it  to  move  with  an 

accelerated  velocity  towards  the  pole  nea.rest  to  it,  f ^ ® 

the  macrnet,  is  first  repelled,  then  turning  round  so  as  to  present  its 
opposite  face  to  the  magnet,  it  is  attracted,  and  passing  again  ovej  *6 
pofe  of  the  magnet,  rests  in  equilibrium  at  its  centre,  or  at  what  may  be 
Llled  the  magnetk  equator.  In  the  first  position  it  was  equally  attracted 
by  the  two  poles,  and  in  the  second  equally  repelled. 
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§ 19.  Magneto-Electricity*. 

Under  this  term,  I shall  describe  another  branch  of  electrical  science, 
vying  in  interest  and  importance  with  the  discovery  of  CErsted  detailed 
in  the  last  section,  and  being  in  fact  the  converse  of  it,  namely,  the  pro- 
ductio7i  of  electi'icity  hy  magnetism  fox  which  we  are  exclusively  indebted 
to  Faraday.  {Phil.  Tra7is.,  1832.) 

From  the  statements  in  the  last  section,  it  is  evident  that  magnetism 
is  in  some  way  produced  by  electricity  in  motion ; now  it  occurred  to 
Mr.  Farada}",  in  consequence  of  certain  phenomena  which  he  observed, 
and  which  he  has  described  under  the  terms  volta- electric,  and 
77iag7ieto-electric  i7iductio7i,  that  magnetism  in  motion  ought  to  produce 
an  electric  current,  and  he  succeeded  in  verifying  this  important  con- 
clusion as  follows : a long  spiral  coil  of  copper- wire,  covered  as  in  the 
former  experiments  with  silk,  was  connected  by  its  extremities  with  the 
galvanometer,  the  deflection  of  which  would  of  course  announce  a current 
of  electricity  in  the  spiral  and  wires  connected  with  it : he  now  found, 
that  in  the  act  of  introducing  the  pole  of  a powerful  har-magnet  within 
the  coils  of  the  spiral,  a deflection  of  the  galvanometer  took  place  in  one 
direction,  and  in  the  act  of  withdrawing  it  took  place  in  the  opposite 
direction;  so  that  each  time  the  conducting-wire  cut  the  magnetic 
curves,  a current  of  electricity  was,  for  the  moment,  produced  in  it.  He 
afterwards  devised  the  following  curious  modification  of  this  experiment: 
c (fig.  234)  is  a copper  plate  so  mounted  as  to  admit  of  revolving  upon 


its  axis ; n s are  the  poles  of  a powerful  horse-shoe  magnet,  so  placed  as 
to  admit  of  the  revolution  of  the  circumference  of  the  plate  between 
them  ; tv  w'  are  conducting  wires,  one  of  which  is  retained  in  perfect 
metallic  contact  with  the  axis,  and  the  other  with  the  circumference  of 
the  plate  at  the  point  between  the  poles  n s.  These  wires  terminate  in 


* Any  extended  details  upon  this  ex- 
tremely curious  subject  would  be  misplaced 
in  a Manual  of  Chemistry : I must,  there- 
fore, refer  for  them  to  Faraday’s  first 


series  of  experimental  researches  in  electri- 
city, read  before  the  Royal  Society,  on  the 
24th  of  November,  IsM,  and  published 
in  the  Phil.  Tra7is.  for  1832,  p.  125. 
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tlie  galvanometer  g.  When  the  copper  plate  is  made  to  revolve  from 
right  to  left,  a current  of  electricity  is  produced,  in  the  direction  of  the 
arrows,  and  deflects  the  galvanometer  accordingly.  If  either  the  revolu- 
tions of  the  plate,  or  the  poles  of  the  magnet  be  reversed,  the  electric 
current  moves  in  the  opposite  direction 

Faraday  not  only  succeeded  in  obtaining  galvanometrical  indica- 
tions of  an  electric  current,  but,  by  another  modification  of  the  arrange- 
ment in  which  the  electric  current  was  induced  by  an  electro-magnet,  he 
actually  succeeded  in  obtaining  the  electric  spark.  {Phil.  Trans..,  1832, 
p.  132.)  The  electric  spark  was  afterwards  obtained  from  a common 
magnet,  by  Nobili  and  Antinori,  and  in  this  country  by  Professor  Forbes. 
{Phil.  Trails.  Edinh..,  1832.)  For  this  purpose,  a helix  of  copper  wire 
was  formed  round  the  middle  of  the  soft  iron  holder  of  a powerflil  horse- 
shoe magnet;  on  making  and  breaking  the  contact  between  the  holder 
and  the  magnet,  magnetism  was  alternately  created  and  destroyed  within 
it ; at  these  periods  of  transition,  electric  currents  were  induced  in  the 
helix,  and  on  so  arranging  the  conducting- wires  as  at  these  moments  to 
make  and  break  contact  with  mercury,  a brilliant  spark  was  observed  at 
each  motion  of  the  holder.  By  making  the  poles  of  a powerful  horse- 
shoe magnet  revolve  rapidly  before  a soft  iron  armature  supplied  as  in  the 
former  case  with  a helix,  or  what  is  still  better,  causing  the  armature  and 
helix  to  revolve  before  the  poles,  an  electric  current  is  obtained,  which 
not  only  gives  continuous  sparks,  but  ignites  wire,  decomposes  water,  and 
produces  powerful  shocks.  These  magneto-electric  machines,  whilst  they 
furnish  a beautiful  illustration  of  the  production  of  electricity  by  moving 
magnetism,  seem  also  to  promise  some  advantage  in  the  medical  appli- 
cations of  electricity.  They  have  also  been  applied  to  the  purpose  of 
obtaining  instantaneous  light,  by  causing  the  spark  to  inflame  the  wick 
of  a small  spirit-lamp,  and  it  appears  probable  that  they  may  be  used  as 
sources  of  electricity  for  telegraphic  and  chemical  purposes. 

One  of  the  best  forms  of  the  magneto-electric  machine  is  that  con- 
trived by  Saxton,  which  has  been  figured  and  described  by  Daniell,  {Intro- 
duction, § 834,)  as  follows  : — 

“ A very  powerful  horse-shoe  magnet,  formed  of  numerous  steel  plates 
closely  applied  together,  or  an  electro-magnet  of  soft  iron  of  the  same  form, 
is  placed  in  a horizontal  position.  An  armature  or  bar  of  the  purest  soft 
iron  has  each  of  its  ends  bent  at  a right  angle,  and  is  mounted  in  such  a 
way  that  the  surfaces  of  those  ends  are  directly  opposed,  and  close  to  the 
poles  of  the  magnet ; in  this  position  it  may  be  made  to  rotate  rapidly  in 
a vertical  direction,  by  means  of  multiplying  wheels  and  an  endless  band. 
Two  series  of  copper-wires,  covered  with  silk,  are  wound  round  either  end 
of  this  bar,  as  compound  helices.  The  extremities  of  these  wires  having 
the  same  direction,  are  connected  together,  and  with  a small  circular  disc 
rotating  with  the  armature  in  a cup  of  mercury,  with  which  it  is  therefore 


* In  the  year  1824,  M.  Arago  discovered 
that  a magnet  suspended  over,  and  parallel 
to  the  surfaces  of  a horizontal  rotating  cop- 
-per  plate,  acquired  a tendency  to  revolve 
in  the  same  direction  -with  the  plate  ; and 
also  that  a rotatory  magnet  tended  to  give 
a similar  rotatory  motion  to  a contiguous 


disc  of  copper.  {Phil.  Trans.,  1825,  p. 
467.)  These  phenomena  are  explained  by 
the  electric  currents  induced  in  the  copper 
plate  by  its  rotation  within  the  magnetic 
curves,  which  currents  flow  at  right  angles 
to  the  direction  of  the  motion.  (Faraday, 
Phil.  Trans.,  1832,  p.  146.) 
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in  metallic  communication  in  every  position  of  the  disc.  The  other  ex- 
tremities of  the  Avires  are  united  together,  and  passing  without  metallic 
contact  through  the  spindle  upon  which  the  apparatus  turns,  terminate  in 
a small  slip  of  copper  with  two  opposite  points  placed  at  right  angles  to  the 
axis.  These,  in  the  act  of  rotation,  alternately  dip  into,  and  rise  above, 
the  mercury  in  another  cup,  which  may  be  connected  with  the  first  at 
pleasure  by  means  of  a copper  wire.  By  the  laws  of  magnetic  induction, 
the  armature  becomes  a temporary  magnet  whenever  its  bent  ends  are 
opposite  the  poles  of  the  magnet,  and  ceases  to  be  magnetic  when  they 
are  at  right  angles  to  them.  The  momentary  generation  and  destruction 
of  the  magnetic  force,  which  will  be  oppositely  directed  in  the  bar  as  its 
opposite  ends  become  opposed  to  the  same  poles  in  the  act  of  rotation, 
must,  by  the  laws  of  magneto-electric  induction,  induce  corresponding 
opposite  electric  currents  in  the  copper  wire  if  the  circuit  be  complete, 
by  the  immersion  of  the  points  at  the  moment  of  their  passage.  The 
points  are  so  arranged  that,  standing  nearly  at  right  angles  to  the  re- 
volving bar,  they  just  rise  from  the  mercury  as  its  ends  become  opposed 
to  the  poles  of  the  magnet,  and  the  circuit  being  thus  suddenly  broken  at 
the  moment  of  the  electric  wave,  the  current  passes  in  the  form  of  a 
brilliant  spark.” 

The  folloAving  figure  represents  a section  of  this  magneto-electrical 
machine,  a b is  the  horse-shoe  magnet,  c d the  armature  of  soft  iron, 
standing  in  a transverse  direction  to  the  poles  of  the  magnet,  e f is  the 
spindle  upon  which  it  revolves  by  means  of  the  multiplying  wheels,  E g. 
h and  i are  the  metallic  wheel  and  points  by  which  connexion  is  made  and 
broken  between  the  mercury  cup,  K,  and  the  ends  of  the  coils  of  wire 
round  the  armature,  c d. 


By  means  of  this  magneto-electrical  machine,  all  the  well-known 
effects  of  voltaic  currents  may  be  very  commodiously  produced.  When 
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1; 

i the  communication  is  made  between  the  spindle  and  the  revolving  disc  by 
r means  of  a fine  platinum  wire  instead  of  the  dipping  points,  the  wire  may 
i'  be  maintained  at  a red-heat;  although  the  effect  being  produced  by  alter- 
! nating  currents  in  opposite  directions,  a kind  of  pulsation,  or  intermission 
' of  the  light,  may  be  discerned.  Upon  making  the  communication 
between  the  two  mercury  cups  by  means  of  copper  cylinders  grasped  in 
the  hands,  a continued  painful  contraction  of  the  muscles  of  the  arms 
takes  place,  which  destroys  voluntary  motion,  and,  under  certain  circum- 
stances, is  perfectly  intolerable.  If  the  currents  be  transmitted  into  liquid 
electrolytes  by  means  of  platinum  electrodes,  they  are  readily  decomposed; 
but  in  consequence  of  the  alternate  reversion  of  their  direction,  the  aiiions 
and  cations  are  mixed  together.  This,  however,  may  be  avoided,  by 
turning  up  one  of  the  points  of  the  axis,  when  one  of  the  currents  will  be 
cut  off,  and  half  the  power  destroyed,  but  the  usual  results  of  polar 
decomposition  will  be  obtained.  The  amount  of  decomposition  in  this, 
as  in  all  other  cases,  is  in  proportion  to  the  quantity  of  electricity  which 
circulates.  By  means  of  an  electro-magnet  and  a constant  battery  which 
was  capable  of  decomposing  water  by  the  primary  current  at  the  rate  of 
eleven  cubic  inches  of  the  mixed  gases  per  minute,  four  cubic  inches 
have  been  obtained  in  the  same  time  by  this  secondary  force. 

From  the  manner  in  which  a magnet  in  motion  induces  an  electric 
current,  it  was  presumed  that  the  earth’s  magnetism  might  be  rendered 
subservient  to  the  same  purpose,  and  Mr.  Faraday  found  that  a soft  iron 
cylinder,  introduced  into  the  helix,  as  above  described,  and  placed  in  the 
direction  of  the  dipping  needle,  occasioned  a deviation  in  the  galvano- 
meter; he  even  found  that  in  a wire,  or  helix,  moved  at  right  angles  to 
the  dipping  needle,  so  as  to  cut  the  magnetic  curves  of  the  earth,  an 
electric  current,  sensible  to  the  galvanometer,  was  induced;  and  that  the 
rotation  of  a copper  globe,  or  of  a plate  placed  at  right  angles  to  the  dip, 
produced  the  same  effect;  hence  he  concludes  that  the  conducting  matters 
of  the  earth’s  crust  may  be  similarly  affected  by  its  diurnal  revolutions, 
so  as  to  induce  electric  currents  flowing  towards  the  poles,  and  suggests 
the  possibility  of  the  production  of  the  Aurora,  by  returning  electric 
currents  from  the  poles  into  the  atmosphere. 

I must  here  bring  to  a conclusion  this  brief  outline  of  electricity, 
and  of  the  extraordinary  phenomena  arising  out  of  it,  such  as  the  attrac- 
tions and  repulsions  of  masses  of  matter,  chemical  affinity,  heat,  light, 
and  magnetism:  how  these  attributes  of  matter  are  connected,  or  what 
is  the  true  nature  of  their  mutual  dependence,  are  questions  for  future 
decision,  when  probably  the  whole  subject  will  be  simplified  by  referring 
them  to  one  ultimate  cause,  in  which  it  is  not  improbable  that  even  gra- 
vitation may  itself  be  included.  From  what  has  already  been  attained  in 
this  branch  of  science,  some  anticipations  may  be  fairly  formed  of  its 
probable  progress  hereafter;  and  if,  among  these,  we  admit  the  possibility 
of  a more  unlimited  command  than  we  at  present  possess  over  the  pro- 
duction or  extrication  of  this  extraordinary  agent,  our  speculations  would 
assume  a very  extensive  and  interesting  aspect;  its  mechanical  and 
chemical  powers  would  be  perpetually  called  into  action;  the  former  as 
a substitute  for  steam,  wind,  and  water;  and  the  latter  for  the  more 
sluggish  or  circuitous  and  difficult  methods  of  ordinary  decomposition ; its 
single  application  to  the  evolution  of  oxygen  and  hydrogen  from  water, 
VoL.  [.  S 
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and  of  chlorine  and  sodium  from  salt,  would  alone  work  wonders;  and 
even  as  a direct  source  of  heat  and  light,  its  applications  and  uses  would 
he  gigantic  and  endless;  whilst  the  facility  of  its  conveyance  and  transmis- 
sion, its  ubiquity,  and  its  varied  attributes  in  those  different  states  which 
we,  for  want  of  more  explicit  knowledge  of  their  cause,  have  termed 
quantity  and  tension^  seem  to  point  it  out  as  of  unlimited  application  to 
human  uses 


* During  the  progress  of  this  sheet 
through  the  press,  the  Nineteenth,  Twen- 
tieth, and  Twenty-first  Series  of  Fara- 
day’s Experimental  Researches  in  Elec- 
tricity have  been  published  in  the  Philoso- 
phical Transactions  (Parti.  1846).  They 
relate  to  The  magnetisation  of  light,  and 
the  illumination  of  magnetic  lines  of  force ; 
and  to  certain  new  magnetic  actions,  in- 
cluding the  magnetic  condition  of  all  matter. 

The  fundamental  experiment,  showing 
that  a ray  of  light  may  be  electrified  and 
magnetised,  and  that  lines  of  magnetic  foi’ce 
may,  in  the  language  of  the  author,  be  ren- 
dered luminous,  is  as  follows.  A ray  of 
light,  from  an  argand  lamp,  is  first  polar- 
ised in  the  horizontal  plane  by  reflexion 
from  a glass  mirror,  and  then  made  to  pass 
through  a piece  of  glass  of  great  density, 
composed  of  silicated  borate  of  lead,  about 
two  inches  square  and  half  an  inch  thick, 
having  flat  and  polished  edges ; on  emerg- 
ing from  this  medium,  it  is  viewed  thi’ough 
a Nichol’s  eye-piece,  capable  of  revolving 
on  a horizontal  axis,  so  as  either  to  inter- 
cept or  transmit  the  ray:  this  glass  is  so 
placed  between  the  poles  of  a very  power- 
ful electro-magnet,  that  the  lines  of  mag- 
netic force  resulting  from  their  combined 
action  shall  nearly  coincide  with  the  course 
of  the  ray  passing  through  it:  when  the 
eye -piece  is  so  turned  as  to  render  the  image 
of  the  flame  invisible,  it  immediately  be- 
comes visible  on  developing  the  force  of 
the  magnet  by  sending  a current  of  electri- 
city through  its  coils,  but  on  stopping  the 
electric  current  it  again  instantly  vanishes. 
The  results  of  an  elaborate  series  of  inves- 
tigations are  detailed  in  this  paper,  esta- 
blishing a direct  relation  between  light  and 
the  magnetic  and  electric  forces. 

In  the  paper  on  New  Magnetic  Actions,” 
it  is  shown  that  every  substance  placed 
between  the  poles  of  a powerful  magnet  is 
influenced  in  one  of  two  ways:  it  either 
takes  a position  coincident  with  the  mag- 
netic forces,  as  is  the  case  with  a bar  of 
iron,  and  other  bodies  usually  called  mag- 
netic ; or  it  places  itself  at  right  angles  to 
the  line  of  forces,  as  is  the  case  with  a bar 
of  glass,  of  bismuth,  and  apparently  of  every 
other  body  : the  former  of  these  bodies 
the  author  distinguishes  as  magnetics,  the 
latter  as  diamagnetics,  and  their  respective 
positions  between  the  poles  are  termed  axial 


and  equatorial:  he  examines  a vast  variety 
of  simple  and  compound  substances,  of 
solids,  liquids,  and  gases,  with  reference  to 
this  classification — the  number  of  simple 
magnetics  is  very  limited,  consisting  of 
iron,  nickel,  cobalt,  manganese,  chromium, 
cerium,  titanium,  palladium,  platinum,  and 
osmium : all  other  bodies  are  diamagnetic, 
corresponding  to  bismuth,  but  with  vary- 
ing intensities : the  following  exhibit  it  in 
increasing  degrees  according  to  the  order  of 
their  enumeration:  arsenic,  ether,  alcohol, 
gold,  water,  mercury,  flint  glass,  tin,  lead, 
zinc,  antimony,  phosphorus,  bismuth. 

As  respects  compound  bodies,  Faraday 
found  that  their  magnetic  properties  de- 
pended upon  those  of  their  elements,  and 
that  they  are  either  magnetic  or  diamag- 
netic according  as  one  or  other  of  those 
conditions  prevail  in  their  component  parts. 
Thus  iron  retains  its  magnetic  power  when 
it  enters  into  combination  with  other  bodies 
of  the  diamagnetic  class,  the  two  -forces 
opposing  each  other  and  the  resulting  effect 
being  due  to  the  difference  in  their  power, 
so  that  the  oxides  and  salts  of  iron  are  still 
more  or  less  magnetic,  and  the  latter  even 
when  in  aqueous  solution;  but  the  water, 
which  is  a diamagnetic,  may  be  present  in 
such  proportion  as  to  neutralize  the  mag- 
netic power  of  the  iron,  so  that  sueh  solu- 
tion will  be  indifferent  as  to  its  position  in 
the  magnetic  curves,  pointing  neither  axially 
nor  equatorially. 

In  one  respect  the  diamagnetic  action 
presents  a remarkable  contrast  to  the  mag- 
netic, namely,  in  being  devoid  of  any  trace 
of  polarity,  for  the  particles  of  two  diamag- 
netics when  jointly  under  the  influence  of 
the  magnetic  forces  manifest  no  s’gns  of 
attraction  or  repulsion  towards  each  other. 

All  the  facts  set  forth  in  this  paper  are 
resolvable  by  induction  into  the  general  law, 
that  while  every  particle  of  a magnetic  body 
is  attracted,  every  particle  of  a diamagnetic 
body  is  repelled  by  either  pole  of  a magnet : 
these  forces  continue  as  long  as  the  magnetic 
power  is  sustained,  and  cease  on  the  cessation 
of  that  power,  standing  therefore  in  the  same 
general  antithetical  relation  to  each  other 
as  the  positive  and  negative  conditions  of 
electricity,  the  northern  and  southern  po- 
larities of  ordinary  magnetism,  or  the  lines 
of  electric  and  magnetic  force  in  magneto- 
electricity. 


259 


Chapter  V. 

OF  SIMPLE  SUBSTANCES. 

Under  the  terra  simple  or  elementary  substances,  we  include  all  bodies 
which  have  hitherto  resisted  decomposition,  or  resolution  into  simpler 
forms  of  matter;  and  although  it  may  he  presumed  that  some,  or  perhaps 
many  of  them,  are  in  reality  compounds,  and  that  they  will  be  proved  to 
be  so,  as  science  advances  and  our  means  of  investigation  are  extended 
and  improved,  yet  in  the  present  state  of  our  knowledge,  in  which 
experiment  and  not  hypothesis  is  resorted  to  as  the  ultimate  test,  these 
substances,  numerous  and  varied  as  they  are,  having  afforded  no  satisfac- 
tory indications  of  a compound  nature,  must  be  considered  (not  as  unde- 
composahle  but)  as  undecomposed.  They  amount  to  fifty-five  in  number, 
and  are  alphabetically  arranged  in  column  B of  the  following  table,  pre- 
ceded by  their  sj^mbols  in  column  A,  and  followed  in  column  C by  the 
equivalents,  or  atomic  weights,  which  I shall  employ  in  the  sequel;  it 
wall  be  seen  that,  with  very  few  exceptions,  they  correspond  with  the 
numbers  adopted  by  Gmelin,  in  the  latest  edition  of  his  Handbook, 
{Handhuch  der  Chemie.,  Heidelberg,  1843-45,)  and  are  but  little  at 
variance  with  those  employed  by  Professor  Graham,  {Elem.  Ch.^  London, 
1842,)  and  by  most  other  elementary  writers  in  this  country,  as 
shown  in  column  E:  these  all  have  reference  to  hydrogen  as  = 1. 
The  atomic  weights  of  Berzelius,  having  reference  to  oxygen  as  = 100, 
are  contained  in  column  F.  When  any  material  change  has  been  made 
in  the  equivalents  formerly  employed,  the  reason  for  such  alteration  will 
be  found  under  the  head  of  the  substance  concerned. 


A 

B 

c 

D 

E 

P 

Al. 

Aluminum  

14 

14  .... 

1372 

....  171-17 

Sb. 

Antimony  (Stibium)  

129  .. 

..  129  ... 

129'24 

....  806-45 

As. 

Arsenic  

75  .. 

. 75  .... 

75-34 

..  470-04 

Ba. 

Barium  

69  .. 

. 68-6  .... 

68-66 

....  856-88 

Bi. 

Bismuth 

213  .. 

..  213  .... 

71-07 

....  886-92 

B. 

Boron 

11  .. 

10*8  .... 

10-91 

....  136-25 

Br. 

Bromine 

78  .. 

..  78-4  .... 

78-39 

....  978-30 

Cd. 

Cadmium  t 

56  .. 

..  55-8  .... 

55'83 

....  696-77 

Ca. 

Calcium  

20  .. 

.20 

20-52 

....  25602 

C. 

Carbon  

6 .. 

6 .... 

613 

....  75-40 

Ce. 

Cerium  

46  .. 

. 46 

46-05 

....  574-70 

Cl. 

Chlorine 

36  .. 

35-4  .... 

35-47 

....  442-65 

Cr. 

Chromium  

28  ... 

28 

28-19 

....  351-82 

Co. 

Cobalt 

30  .. 

29-5  .... 

29-57 

....  368-99 

Ta. 

Columbium  (Tantalum)  

185  .. 

. 185 

184-90 

....  2307-44 

Cu. 

Copper  (Cuprum)  

32  .. 

32 

31-71 

....  395-70 

F. 

Fluorine 

19  .. 

187  .... 

18-74 

....  233-80 

G. 

Glucinum  , 

5 .. 

47  .... 

26-54 

. 331-26 

Au. 

Gold  (Aurum)  

200  .. 

..  199  .... 

199-21 

..  2486-02 

H. 

Hydrogen  

1 .. 

1 

1 

....  12-48 

S 2 
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A 

B 

C 

D 

E 

F 

I. 

Iodine 

126  .. 

. 126 

. 126-5 

..  1579-50 

Ir. 

Iridium  

99  .. 

..  99  ... 

98-8 

..  1233-50 

Fe. 

La. 

Iron  (Ferruin)  

Lantanum  

28  .. 

44 

27 

27*18  . 

..  339-21 

Pb. 

Lead  (Plumbum)  

104  .. 

104 

, 103-73  . 

..  1294-50 

Li. 

Lithium  

7 .. 

6-4  . 

6-44  . 

80-33 

Mg. 

Magnesium 

12  .. 

12 

12-69  . 

..  158-35 

Mil. 

Manganese  

28  .. 

..  28 

27-72  . 

..  345-89 

Hg- 

Mercury  (Hydrargyrum)  

100  .. 

. 100  ... 

. 101-43  . 

..  2531-65 

Mo. 

Molybdenum  

48 

..  48  .. 

47-96  . 

..  598*52 

Ni. 

Nickel 

28 

29-5  .. 

. 29*62  . 

..  369*68 

N. 

Nitrogen 

14  .. 

14  .. 

14*19  . 

..  177*04 

Os. 

Osmium  

100  .. 

. 99  .. 

. 99*72  . 

..  1244*49 

0. 

Oxygen'  

8 .. 

8 .. 

8-01  . 

..  100*00 

Pd. 

Palladium  

54  .. 

..  53-3  .. 

. 53-36  . 

..  665-90 

P. 

Phosphorus 

32  .. 

..  32  .. 

..  31-44  . 

..  196-14 

Pt. 

Platinum 

99  .. 

..  99  .. 

..  98-84  . 

..  1233-50 

K. 

Potassium  (Kalium)  

40  .. 

..  39*2  .. 

. 39-26  . 

..  489-92 

R. 

Rhodium 

52  .. 

..  52  .. 

52-20  . 

..  651 -.39 

Se. 

Selenium 

40  .. 

. 40  ... 

. 39*63  . 

..  494-58 

Si. 

Silicium  

15  .. 

..  15 

22-22  . 

..  277‘31 

Ag. 

Silver  (Argentum) 

108  .. 

..  108  .. 

..  108*30  . 

..  1351-61 

Na. 

Sodium  (Natrium) 

24 

..  23-2  .. 

. 23-31  . 

..  290-90 

Sr. 

Strontium  

44  .. 

..  44  .. 

..  43-85  , 

..  547  29 

S. 

Sulphur  

16  .. 

16 

. 16-12  . 

..  201-17 

Te. 

Tellurium  

64 

..  64  .. 

64-25  . 

..  801-76 

Th. 

Thorium  

60  .. 

..  59-6  .. 

. 59-83  . 

..  744-90 

Sn. 

Tin  (Stannum)  

59  .. 

59  .. 

58-92  . 

..  735*29 

Ti. 

Titanium 

24  .. 

24 

24-33  . 

..  303-66 

W. 

Tungsten  (Wolfram) 

100  .. 

..  96  .. 

. 94-80  . 

..  1246-25 

U. 

Uranium 

60  .. 

60  .. 

..  61-00  . 

..  2711-36 

Y. 

Vanadium  

68  .. 

..  68-6  .. 

. 68-66  . 

..  856-86 

Y. 

Yttrium  

32  .. 

..  32  .. 

32-25  . 

..  402-51 

Zn. 

Zinc 

32  .. 

32-2  .. 

. 32-32  . 

..  403-23 

Zr. 

Zirconium  

23  .. 

22-4  .. 

. 33-67  . 

..  420*20 

The  preceding  list  admits  of  an  obvious  and  useful  division  into  sub- 
stances which  are  and  which  are  not  7netallic^  and  there  are  general  ana- 
logies among  the  metals  which  enable  us  to  subdivide  them  into 
classes;  but  with  respect  to  the  non-metallic  bodies,  the  subdivision  is 
more  difficult,  and  the  principles  of  classification  usually  applied  to  them 
are,  in  many  respects,  objectionable.  If  their  arrangement  be  founded 
either  upon  their  general  electrical  or  chemical  relations,  as,  for  instance, 
into  electro-negative  and  electro-jDOsitive  bodies  (anions  and  cations),  or 
into  supporters  of  combustion  and  combustibles^  or  into  acidifying  and 
acidfable  substances,  difficulties  occur  in  the  details,  which  are  of  much 
practical  inconvenience;  for  the  electrical  arrangement  brings  together 
substances  extremely  dissimilar  in  their  chemical  characters,  such,  for 
instance,  as  oxygen  and  sulphur,  both  of  which  are  electro-negative  bodies. 
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or  anions ; and  the  chemical  arrangement  leads  us  at  one  time  to  class 
oxygen  with  sulphur,  both  being  supporters  of  combustion ; and  at  another 
to  separate  them,  in  consequence  of  oxygen  being  eminently  a supporter 
of  combustion,  and  sulphur  as  eminently  a combustible.  Again,  in  regard 
to  the  terms  acidifying  and  acidijiahle;  oxygen  and  chlorine  are  included 
among  the  former,  and  hydrogen  and  sulphur  among  the  latter;  yet  oxygen 
and  chlorine  combine  with  each  other  to  form  acids,  and  neither  of  them 
being,  in  any  usual  sense  of  the  term,  combustible^  it  is  difficult  to  say 
which  is  the  acidifying  and  which  the  acidifiable  element:  the  compound 
of  hydrogen  and  sulphur  is  also  acid,  yet  both  hydrogen  and  sulphur 
are  combustible^  and  hydrogen  is  acidifiable  in  respect  to  chlorine,  as 
sulphur  is  in  respect  to  oxygen.  In  all  these  arrangements,  too,  nitrogen 
stands  out  (regarding  it  as  elementary),  as  an  obstinate  exception;  it  is 
acidifiable  by  oxygen,  but  it  is  alkalifiable  by  hydrogen;  it  is  neither 
combustible^  nor  is  it  a supjoorter  of  combustion ; and  its  electro-chemical 
relations  are  doubtful:  indeed  the  distinction  between  some  of  these  bodies 
and  the  metals  is  not  in  all  cases  very  definite:  there  are  strong  analogies, 
for  instance,  between  arsenic,  and  selenium,  and  sulphur,  so  that  Berzelius 
actually  arranges  selenium  with  the  metals;  and  some  forms  of  carbon 
approach  so  closely  in  their  characters  to  those  of  a metal,  that  Dbbereiner 
speaks  of  carbonium  as  a metal.  Under  these  difficulties,  the  electrical 
and  chemical  analogies  of  the  unmetallic  elements  have  been  rejected  as 
the  basis  of  classification,  and  they  have  been  arranged  in  reference  to 
their  supposed  importance  as  chemical  agents,  and  to  convenience  of  dis- 
cussion: Berzelius  divides  them,  generally,  into  oxygen^  which  he  places 
by  itself  as  a supporter  of  combustion,  and  into  infia7nmable  substances^ 
in  which  he  includes  all  the  other  elements;  and  then,  adverting  particu- 
larly to  the  umnetallic  substances,  he  divides  them  into  three  classes, 
namely, — 1.  Permanently  elastic  or  gaseous  bodies  (^Gazolyta'):  oxygen, 
hydrogen,  nitrogen.  2ndly.  Metalloids:  sulphur,  phosphorus,  carbon, 
boron,  and  silicon.  Sicily.  Salifying  substances^  {Halogenia')  : chlorine, 
iodine,  bromine,  fluorine.  Almost  all  agree  in  placing  oxygen  at  the 
head  of  the  list;  but  scarcely  any  systematic  writers  concur  in  the  order 
in  which  they  describe  the  remaining  unmetallic  elements;  except,  in- 
deed, that  they  usually  place  hydrogen  after  oxygen.  But  the  most 
important  difference  amongst  them  is,  in  what  relates  to  the  co7npound 
substa7ices,  some  describing  them  along  with,  or  immediately  after,  their 
respective  elements:  and  others  giving  the  abstract  history  of  each  ele- 
ment separately,  and  then  referring  to  their  mutual  combinations.  It 
would  be  useless  to  point  out  in  detail  the  objections  which  may  be  made 
to  each  systematic  arrangement,  for,  after  all,  that  will  be  preferable  which 
is  best  calculated  to  guide  and  assist  the  student  in  the  acquisition  of  the 
leading  facts  and  doctrines  of  the  science,  and  which  is,  at  the  same  time, 
most  convenient  for  reference.  Under  these  circumstances  I have  retained, 
with  such  modifications  as  the  progress  of  chemistry  has  rendered  neces 
sary,  the  general  plan  adopted  in  the  former  editions  of  this  work.  Oxy- 
gen, and  the  bodies  associated  with  it  in  many  of  their  electrical  and 
chemical  habitudes,  stand  first  on  the  list;  and  these  are  succeeded  by  the 
inflammable  and  acidifiable  bases:  they  will  be  described  in  the  following 
order : 
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1.  Oxygen. 

2.  Chlorine,  and  its  combinations  with  oxygen. 

3.  Iodine,  and  its  combinations  with  oxygen  and  chlorine. 

4.  Bromine,  and  its  combinations  with  the  three  preceding  substances. 

5.  Fluorine,  and  its  combinations  with  the  four  preceding  substances. 

6.  Hydrogen,  and  its  combinations  with  the  five  preceding  substances. 

7.  Nitrogen,  and  its  combinations  with  the  six  preceding  substances. 

8.  Sulphur,  and  its  combinations  with  the  seven  preceding  substances. 

9.  Selenium,  and  its  combinations  with  the  eight  preceding  substances. 

10.  Phosphorus,  and  its  combinations  with  the  nine  preceding  substances. 

11.  Carbon,  and  its  combinations  with  the  ten  preceding  substances. 

12.  Boron,  and  its  combinations  with  the  eleven  preceding  substances. 

•The  origin  of  the  names  by  which  the  simple  substances  are  distin- 
guished, will  be  found  under  their  individual  history,  but  it  will  be  neces- 
sary here  to  advert  to  the  general  principles  of  nomenclature  applied  to 
their  mutual  combinations. 

All  the  combinations  of  oxygen,  chlorine,  iodine,  bromine,  and  fluorine, 
with  the  inflammables  and  metals,  which  are  not  acid^  are  called  oxides^ 
chlorides^  iodides^  bromides^  and  Jluorides:  the  combinations  of  the  in- 
flammable substances  with  each  other,  and  with  the  metals,  are  distin- 
guished by  the  termination  uret^  as  sulphur et^  phosphuret^  &c.,  and 
in  some  cases  the  combinations  of  certain  metals  with  each  other  are 
similarly  designated:  thus  we  speak  of  arseniurets^  tellur  ets^  antimon'iurets. 

The  difierent  proportions  of  oxygen  in  the  oxides  are  distinguished 
by  a prefix  derived  from  the  Latin  or  Greek  numerals ; thus  vve  have 
protoxide^  deutoxide  or  binoxide,  tritoxide  or  teroxide^  for  the  first,  second, 
and  third  stages  of  oxidizement;  and  the  highest  degree  of  oxidizement 
is  termed  peroxide;  when  the  proportions  of  oxygen  in  an  oxide  are  as 
1 to  If,  or  2 to  3,  the  compound  is  termed  a sesquioxide.  If  the  oxide 
is  so  constituted  as  to  contain  2 atoms  of  base  and  1 of  oxygen,  it  is 
then  termed  a suboxide^  or,  more  definitely,  a dioxide;  and  if  3 atoms  of 
base  and  1 of  oxygen,  a trisoxide.  The  same  distinctive  nomenclature  is 
applied  to  the  chlorides,  iodides,  sulphurets,  phosphurets,  &c. 

The  names  of  the  acid  compounds  of  oxygen  are  derived  from  their 
bases,  and  where  there  is  only  owe,  it  is  usually  designated  by  the  termi- 
nation ic;  where  there  are  two  acids  of  the  same  base  and  oxygen,  that 
containing  the  smallest  proportion  of  oxygen  is  distinguished  by  the  ter- 
mination ous^  and  that  containing  the  larger  proportion  by  the  termination 
ic;  as  arsenious  and  arsenic  acid : where  there  are  more  than  two  acid 
compounds  of  the  same  base,  more  complicated  terms  are  requisite,  of 
which  the  nomenclature  of  the  four  principal  acids  of  sulphur  forms  a 
good  example;  these  are  termed;  1.  ^j/joosulphuroz/^  acid;  2.  sulphurow^* 
acid ; 3.  ^^'posulphurzc  acid ; 4.  sulphur^c  acid ; and  occasionally  the  acid 
containing  the  maximum  of  oxygen  is  further  distinguished  by  the  prefix 
per  or  oxy:  thus  we  sometimes  use  the  terms  oa?j/chloric  acid,  per- 
manganic acid,  &c. 

The  saline  combinations  of  the  acids  ending  in  ous  are  distinguished 
by  the  termination  ite^  and  those  ending  in  2c,  by  the  termination  ate: 
thus  we  have  a hyposulphzVe,  a sulphide,  a hyposulphef/e,  and  a sulph«^e 
of  potassa,  &c.,  and  where  the  acid  and  base  unite  in  more  than  one 
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I proportion,  a distinction  similar  to  that  applied  to  the  oxides  is  resorted 
J to;  thus  the  compound  of  one  atom  of  potassa  and  two  of  sulphuric 
i acid  is  a iisulphate  of  potassa : that  of  two  atoms  of  oxide  of  lead 
i and  one  of  nitric  acid,  a Jfnitrate  of  lead:  these  are  also  sometimes 
y called  ^^persulphate  of  potassa,  and  6-?^6nitrate  of  lead;  but  the  pre- 
> ceding  terms  are  more  definite.  Lastly,  the  same  acid  occasionally 
forms  distinct  compounds  with  the  protoxide  and  peroxide  of  the 
same  metal,  forming  protosalts  and  persalts.  Thus  we  have  a proto- 
\ sulphate  and  a persulphate  of  iron,  &c.  Other  more  complex  cases 
j of  nomenclature  occasionally  arise  out  of  the  preceding,  which,  how- 
' ever,  will  be  sufficiently  intelligible  when  they  occur,  by  reference  to 
the  context. 

Chemical  Symbols.  In  former  editions  of  this  work  I have  used  a 
system  of  symbolic  notation  upon  the  principles  suggested  by  Dr,  Whe- 
well  (Jour?i.  Royal  Inst.,  i.  437,)  differing  in  some  respects  from  that  of 
Berzelius ; but  as  the  latter  is  now  generally  adopted,  I shall  for  the 
future  employ  it.  It  will  be  seen  by  reference  to  the  preceding  table 
(p.  259,)  that  each  elementary  substance  is  represented  by  the  initial 
letter  of  its  Latin  name;  and  that,  where  two  or  more  elements  have  the 
same  initial,  a second  smaller  letter  is  used  as  a distinctive  adjunct:  thus 
C,  Cl,  Ca,  Cd,  Co,  Cu,  Ce,  Cr,  are  the  symbols  of  carbon,  chlorine,  cal- 
cium, cadmium,  cobalt,  copper  (cuprum),  cerium,  and  chromium;  II  and 
Hg,  of  hydrogen  and  mercury  (hydrargyrum),  &c. 

These  symbols  are  also  used  to  indicate  certain  dejinite  quantities  of 
each  of  the  elements  : thus  C and  H indicate  respectively  one  atom  or  equi- 
valent of  carbon  and  one  of  hydrogen,  or  6 parts  by  weight  of  the  former 
and  I of  the  latter.  O not  only  indicates  oxygen,  but  8 parts  by  weight, 
or  one  atom  or  equivalent  of  oxygen;  and  so  on,  as  exhibited  in  the 
table  already  referred  to. 

Two  or  more  equivalents  of  the  same  element  are  sometimes  indicated 
by  figures  to  the  left  of  or  preceding  the  symbol:  thus  2 0,  3 H,  4 C, 
imply  2 equivalents  of  oxygen,  3 of  hydrogen,  and  4 of  carbon;  but 
where  symbols  are  placed  together  in  the  formulm  of  compounds,  the 
same  end  is  commonly  attained  by  placing  small  figures  to  the  right  of 
the  elementary  symbol : these  figures  are  sometimes  placed  a little  above 
and  sometimes  a little  below  the  symbolic  letter,  but  such  distinction 
seems  unnecessary:  thus  02,  Il3,  C4,  indicate  2 atoms  of  oxygen,  3 of 
hydrogen,  and  4 of  carbon. 

By  a proper  collocation  or  combination  of  symbols,  the  forrnulm  of 
compounds  are  similarly  expressed,  aided  by  the  introduction  of  a comma, 
or  of  this  sign,  Thus  NO  indicates  a compound  of  1 atom  of 

nitrogen  with  I atom  of  oxygen,  and  N02,  ] of  nitrogen  and  2 of  oxygen, 
and  so  on.  CuO  is  the  symbol  of  oxide  of  copper,  (consisting  of]  atom 
of  copper  and  I of  oxygen,)  and  S03  is  the  symbol  of  sulphuric  acid,  (con- 
sisting of  I atom  of  sulphur  and  3 of  oxygen,)  and  the  compound  of  oxide 
of  copper  and  sulphuric  acid  (or  the  sulphate  of  oxide  of  copper)  may  be 
written  as  follows,  CuO  S03;  but  in  this  case  the  elements  of  the  salt 
are  more  distinctly  announced  by  the  interposition  of  a comma  or  -f-  be- 
tween the  oxide  and  the  acid,  as  CuO,  S03,  or  CuO  H-  SOs.  It  is 
often  convenient  to  use  both  the  comma  and  the  plus  sign,  as  in  the  case, 
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for  instance,  of  double  salts;  thus  a double  salt,  consisting  of  1 equivalent 
of  sulphate  of  oxide  of  copper,  combined  with  1 of  sulphate  of  oxide  of 
iron,  may  be  represented  as  follows;  Cu0,S03  + Fe0,S03. 

In  the  preceding  formulas  the  figures  only  affect  the  symbol  to  which 
they  are  immediately  appended ; where  they  are  intended  to  apply  to  the 
entire  compound,  they  are  always  placed  before  and  in  a line  with  the 
symbol  of  the  compound;  thus  3 atoms  or  equivalents  of  sulphuric  acid 
would  be  written  3S03;  and  two  atoms  of  oxide  of  copper  2 CuO. 
The  symbol  2 CuO  + S03  implies  a salt  containing  2 atoms  of  oxide  of 
copper  and  1 of  sulphuric  acid ; the  intervening  + (or  a comma)  pre- 
venting the  extension  or  influence  of  the  figure  2 beyond  the  oxide  of 
copper;  and  if  our  object  were  to  imply  2 atoms  of  sulphate  of  oxide  of 
copper,  we  should  then  use  brackets ; as  2 [CuO,  S03.] 

In  arranging  the  symbols,  it  is  customary  to  let  the  basic  or  electro- 
positive constituent,  or  cation,  precede  the  electro-negative  constituent,  or 
the  anion  of  the  compound:  thus  oxide  of  silver  and  chloride  of  potas- 
sium are  written  AgO,  and  KCl ; and  sulphate  of  soda  is  ’written 
Na0,S03,  and  not  S03,Na0.  The  atoms  of  oxygen  are  sometimes 

indicated  by  dots  placed  over  the  symbol;  thus,  instead  of  writing  NOs, 

« • 

• • 4 

for  nitric  acid^  we  use  the  abbreviation  N.  In  like  manner  the  com- 
pounds of  sulphur  have  been  denoted  by  ^ Berzelius,  by  commas  ; thus, 
sulphuretted  hydrogen  HS,  he  writes  H ; and  where  he  wishes  to  re- 
present two  equivalents  of  an  element,  they  are  sometimes  denoted  by  a 
dash  through  or  under  its  symbol;  thus  H or  H,  indicates  2 atoms  of  hy- 
drogen. The  organic  acids  he  abbreviates  by  using  the  first  letter  of  their 
name  with  a dash  over  it,  thus  T C F are  the  tartaric^  citric^  dcod  formic 
acids. 

Other  symbolic  abbreviations  are  occasionally  used,  especially  in 
reference  to  certain  compounds  wdiich  act  the  part  of  simple  supporters, 
or  bases  : thus  Cy  indicates  cyanogen.,  instead  of  using  its  detailed  symbol, 
C2N;  and  E,  = ethide.,  in  place  of  C4H5,  &c. : Aq.  or  simply  q,  is  an 
abbreviation  for  water ; and  I have  found  it  convenient  to  represent  the 
acids  in  common  use  by  associating  an  acute  accent  with  their  basic 
letter,  as  N^,  S',  P',  C',  HCl',  for  nitric,  sulphuric,  phosphoric,  carbonic, 
hydrochloric  acids,  &c.  The  letters  M and  B are  sometimes  used  generally 
for  metal  and  base. 

The  great  use  of  symbols  is  visibly  as  it  were  to  present  the  elements 
of  compounds,  so  that  all  their  possible  combinations  may  be  traced  with 
comparative  facility,  and  their  less  obvious  relations  detected.  They  also 
facilitate  the  complex  computations  required  in  reference  to  the  atomic 
constitution  of  various  organic  compounds,  and  often  enable  the  teacher 
to  present  the  student,  at  one  view,  with  details  which,  in  the  ordinary 
mode  of  proceeding,  would  be  verbose  and  complex.  Thus  the  conver- 
sion by  heat  of  1 atom  of  nitrate  of  ammonia  into  2 atoms  of  protoxide 
of  nitrogen,  and  4 of  water  is  represented  as  follows : 

Nitrate  of  Ammonia.  Nitrous  Oxide.  Water. 

[NH3,  N05,  HO]  = 2NO  -f  4HO; 
of  such  and  similar  applications  of  symbols,  abundant  instances  will  be 
found  in  the  sequel. 
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Pneumatic  Apparatus.  Of  the  simple  substances  which  we  are  about 
to  examine,  four  are  known  to  us  in  the  gaseous  state,  and  amongst  their 
combinations  there  are  many  which  also  assume  that  form ; so  that  it  will 
be  necessary  before  we  enter  upon  their  history,  to  say  a few  words 
respecting  the  apparatus  by  which  gaseous  bodies  are  procured  and 
examined. 

The  hydro-pneiimatic  apparatus  consists  of  a japanned  iron  or  copper 
vessel,  of  different  shape  and  size  according  to  the  particular  purposes 
for  which  it  is  intended,  and  containing  a shelf  perforated  with  holes, 
through  which  the  gas  may  pass  into  inverted  vessels  properly  placed  for 
its  reception. 

A shallow  earthen- ware  pan,  or  a wooden  tub,  or  a vessel  of  what  is 
termed  enamelled  iron,  with  one  or  more  low  cast-iron  trivets  to  serve  as 
a substitute  for  the  perforated  shelf  to  support  the  inverted  air  jars,  are 
also  very  useful  forms  of  the  pneumatic  trough. 


B 
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For  experiments,  in 
which  large  vessels  are 
employed  for  collecting 
or  transferring  gases,  the 
annexed  form  of  the  ap- 
paratus (fig.  237)  is  most 
convenient:  the  trough  is 
placed  in  a wooden  frame 
or  stand  a;  it  has  a deep 
part  at  5,  and  a shallow 
shelf,  upon  which  the  in- 
verted jar  may  be  placed 
over  a groove,  as  at  c. 

Vessels  of  various 
forms  are  employed  for 
receiving,  retaining,  and 
measuring  gases.  Where 
it  is  intended  to  intro- 
duce different  substances 
into  the  gas,  they  may  be 


In  this  wood  cut,  a is  the  water-trough;  b b,  inverted 
glass  jars  for  the  reception  of  gas;  c,  a wrought-iron  tube, 
placed  in  a pan  of  charcoal,  for  the  evolution  of  gases 
requiring  a red  heat;  d,  a retort  heated  by  the  spirit- 
lamp  E. 
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of  the  form  represented  in  figure  238,  drawn  into  a neck  with  a glass- 

stopper  at  top,  and  open 
at  bottom.  Some  of  these 
should  be  graduated  into 
cubic  inches,  and  sup- 
plied with  a stop-cock,  as 
in  figure  239.  For  mea- 
suring small  quantities  of 
gases,  tubes  are  em- 
ployed, some  of  which 
should  be  divided  into 
100  equal  parts,  others 
into  tenths  and  hun- 
dredths of  a cubical  inch, 
as  in  figs.  240  and  241. 

Where  large  quantities  of  gases  are  required  to  be  collected  and  pre- 
served, we  employ  gasholders  and  gasometers.  Fig.  242  represents 
Pepys’s  improved  gasholder,  made  of  japanned  iron,  or  what  is  preferable, 
of  zinced  iron  or  of  copper.  It  consists  of  a body  or  reservoir  ^2,  which 

may  hold  from  two  to  six  or  eight  gallons  : 
6,  is  a cistern  from  which  issue  two  tubes, 
supplied  with  stop-cocks,  one  entering  the 
reservoir  at  its  upper  part,  the  other  con- 
tinued, as  shown  by  the  dotted  lines,  to 
near  the  bottom : c,  is  a short  tube  issuing 
from  the  bottom  of  the  reservoir,  and  capa- 
ble of  being  accurately  closed  by  a screw. 
dy  is  a glass  tube  communicating  at  both 
ends  with  the  body  of  the  gasholder.  When 
it  is  intended  to  fill  this  apparatus  with 
gas,  the  tube  c is  closed,  and  the  stop- 
cocks, <?,  f.,  are  opened ; water  is  then 
poured  into  the  cistern,  which,  running- 
down  the  long  tube  e,  forces  the  air  out 
through  the  shorter  one  f.  The  reservoir 
being  thus  filled,  the  stop-cocks  are  closed, 
and  the  aperture  c is  opened,  into  which 
the  beak  of  the  retort,  or  tube,  whence  the  gas  issues,  is  introduced, 
and,  bubbling  up,  displaces  the  water,  which  runs  out  at  the  same  opening. 
When  it  is  seen  in  the  tube,  f/,  that  nearly  the  whole  of  the  water  is 
displaced,  the  aperture  c is  closed;  the  vessel  is  now  filled  with  gas,  which 
may  either  be  drawn  off  into  receivers,  placed  in  the  water-cistern  6,  by 
opening  the  two  stop-cocks  e,  f;  or  by  closing  the  stop-cock,  f,  and 
opening  g,  it  may  be  propelled  into  bladders,  or  transferred  in  any  con- 
venient way  by  an  attached  tube. 

A view  and  section  of  the  gasometer  are  shown  in  the  following 
sketches  (figs.  243,  244) : it  may  be  made  of  japanned  or  zinced  iron  or 
copper,  a «,  is  the  outer  circular  vessel,  or  pail,  to  the  sides  of  which 
the  tubes  c?,  <?,  (each  fitted  with  a stop-cock  externally,)  are  soldered. 
The  tube  d passes  along  the  bottom  of  the  pail,  and  proceeds  to  the  centre, 
where  it  joins  the  tube  e,  which  commences  at  the  top  of  the  pail  at  the 
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1 cock  e,  and  proceeds  downwards;  and,  from  the  place  of  junction,  the 
t upright  tube  g rises  through  the  middle  of  the  pail,  a little  above  the 
1 level  of  its  upper  rim.  The  vessel  6 is  a cylinder  open  only  at  bottom, 

: and  of  less  diameter  than  the  pail  in  which  it  is  inverted,  and  can  move 
up  and  down  freely.  This  cylinder  has  a solid  stem  c,  which  passes 
through  a hole  in  the  cross-bar  of  the  frame  fixed  to  the  top  of  the 
pail ; it  serves  to  steady  the  cylinder,  and  to  indicate  the  quantity  of 
the  inclosed  gas : the  weight  of  the  cylinder  is  counterpoised  in  any  con- 
venient way ; generally  by  a weight  and  cord  passing  over  the  pulley  /, 


To  use  this  gasometer,  first  let  the  cylinder  fall  to  the  bottom  of  the 
pail  and  fill  the  latter  with  water;  then  shut  the  cock  e,  and  open  f/,  and 
connect  it  with  the  tube  which  conveys  the  gas  from  the  retort,  gasholder, 
or  other  vessel;  or,  if  more  convenient,  shut  d,  and  convey  the  gas  through 
e.  The  gas  rises,  and  gradually  lifts  up  the  cylinder,  w^hich  must  be 
properly  balanced : and  when  sufficiently  filled,  the  cock,  by  which  it 
entered,  must  be  closed.  The  gas  may  now  be  drawn  off  at  either  of 
the  stop-cocks,  by  a tube  passing  into  the  water-trough,  or  it  may  be  pro- 
pelled through  a blow-pipe,  or  otherwise  employed. 

Those  gases  which  are  absorbed  by  water  may,  in  most  instances,  be 
,collected  over  mercury.  The  best  form  of  the  Mercurio-jmeujnalic  appa- 
ratus is  that  contrived  by  Newman.  {(hiarlerJy  Journal^i.^  185.)  It  is  a 
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trough  of  cast-iron,  supported  by  brass  or  iron  legs,  and  having  a small 
gasometer  at  one  end.  It  is  placed  in  a japanned  iron  tray  to  collect  the 
scattered  mercury,  as  shown  in  the  wood-cut  (fig.  245).  a is  the  shallow, 


h the  deeper  part  of  the  trough ; c is  a small  mercurial  gasometer  con- 
nected with  it,  filled  from  the  bottom  through  the  small  basin  of  mercury 
at  d;  c is  a sliding  stand  for  a lamp,  f a detonating  tube  screwed  into  a 
spring  support.  The  gas-jars  and  receivers  used  over  the  mercurial 
trough  should  be  of  thicker  glass,  and  therefore  stronger  and  heavier 
than  those  which  suffice  in  the  water-apparatus,  and  the  trough  should 
always  stand,  as  above  represented,  in  a japanned  iron  tray,  and  should 
have  a cover  to  keep  out  dirt  and  dust  when  not  in  actual  use. 

It  frequently  happens  that  a mercurial  pneumatic  trough,  upon  a 
much  smaller  scale  than  the  above,  is  sufficient  for  mere  experiments  of 
research ; and,  in  that  case,  it  is  either  made  of  porcelain,  or  of  cast-iron, 
or  wood,  being  hollowed  out  of  a block  of  mahogany.  The  larger  trough, 
as  usually  constructed,  requires  not  less  than  from  seventy  to  eighty 
pounds  of  mercury  for  the  convenient  performance  of  experiments,  but 
the  smaller  mercurial  troughs  may  be  used  with  only  from  twenty  to 
thirty  pounds  of  mercury:  these  also  should  stand  in  proper  trays  to 
prevent  the  loss  of  the  spilt  mercury. 

The  chemical  lecturer  may  in  many  instances  altogether  dispense  with 
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the  trouble  and  expense  of  a mercurial  bath,  by  collecting  gases  in  dry 
glass  vessels,  especially  when  he  requires  very  large  jars  or  bottles  to  be 
filled  with  gas,  and  at  the  same  time  kept  dry^  but  where  a small  admix- 
ture of  atmospheric  air  is 
unimportant.  For  this 
purpose,  the  materials 
producing  the  gases  are 
introduced  into  a flask 
furnished  with  a tube  of 
convenient  length,  and 
twice  bent  at  right  angles, 
so  as  to  pass  to  the  bot- 
tom of  a clean  stoppered 
phial : the  disengaged 

gas,  if  heavier  than  the 
air,  displaces  it;  when  it 
is  full,  it  must  be  cau- 
tiously withdrawn,  and 
stopped,  and  another 
phial  put  into  its  place  ; 

(fig.  246)  A.  If  the  gas 
thus  to  be  collected  is 
lighter  than  the  atmo- 
sphere, the  tube  from  the 
flask  may  be  straight,  and 
pass  up  into  an  inverted 
phial,  as  at  b. 

§ I.  OXYGEN.  O.  8. 

This  elementary  body  was  discovered  by  Priestley  on  the  1st  of 
August,  1774;  he  called  it  dephlogisticaied  air;  it  was  termed  empyreal 
air  by  Scheele,  and  vital  air  by  Condorcet.  The  name  oxygen  was  given 
to  it  by  the  French  nomenclaturists,  implying  its  tendency  to  form  acid 
compounds  (from  o^u?,  acid^  and  <yevveLV,  to  generate).  It  is  more 
abundantly  diffused  throughout  nature  than  any  of  the  other  elementary 
bodies ; it  forms  eight-ninths  of  the  weight  of  water,  about  one-fifth  of 
the  weight  of  the  atmosphere,  and  a large  relative  proportion  of  the 
mineral  bodies  -which  form  the  solid  matter  of  the  globe.  It  also  consti- 
tutes, with  scarcely  one  exception,  an  element  of  the  various  products  of 
organized  bodies  both  animal  and  vegetable. 

Oxygen  gas  may  be  procured  by  a variety  of  processes,  of  which  those 
only  in  common  use  will  be  noticed  here,  and  others  adverted  to  in  their 
proper  places. 

To  obtain  oxygen  in  the  purest  state,  proceed  as  follows : introduce 
into  a small  glass  retort  (as  shown  at  d,  fig.  236,)  about  100  grains  of 
the  salt  called  chlorate  of  potassa,  and  gradually  heat  it  over  a gentle 
charcoal  fire,  or  by  means  of  a large  spirit-lamp,  having  previously 
placed  the  beak  of  the  retort  under  the  shelf  of  the  hydro-pneumatic 
apparatus.  Suffer  the  common  air  of  the  retort  to  escape,  and  when 
the  salt  fuses  and  appears  to  boil,  collect  the  oxygen  which  it  then  gives 
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out,  in  proper  vessels,  taking  care  so  to  adjust  the  heat  as  to  cause  the 
gradual  decomposition  of  the  salt,  and  occasion  the  air-hubbles  to  follow 
each  other  with  moderate  rapidity,  especially  towards  the  end  of  the 
process,  when  a torrent  of  gas  is  apt  to  he  rather  suddenly  evolved,  in 
consequence  of  the  formation  of  a portion  of  perchlorate  of  potassa, 
which  is  decomposed  at  that  period.  At  last  the  heat  may  he  so  far 
increased  as  to  render  the  bottom  of  the  retort  red-hot,  being  careful 
however,  not  to  fuse  it;  when  gas  ceases  to  be  evolved,  withdraw  the 
retort  and  put  it  aside : it  is,  however,  seldom  fit  for  a second  operation. 
From  100  grains  of  the  chlorate,  we  may  expect  to  obtain  nearly  100 
cubic  inches  of  gas.  (The  proximate  elements  of  chlorate  of  potassa  are 
potassa,  KO,  and  chloric  acid,  C105 : the  effect  of  heat  is  to  convert  the 
salt  into  chloride  qf  potassium,  which  remains  in  the  retort,  and  oxygen 
gas,  which  is  evolved : KO,C105  becoming  KCl,  -j-  06.) 

The  addition  of  a few  small  particles  of  binoxide  of  manganese  to 
the  chlorate  of  potassa  causes  it  to  yield  up  its  oxygen  much  more 
readily  and  at  a lower  temperature,  so  that  the  heat  of  a common  spirit- 
lamp  is  quite  adequate  to  its  evolution  : this  mutual  reaction  is  attended  by 
such  elevation  of  temperature  that  the  oxide  becomes  red-hot.  (Dobe- 
REINER.)  Oxide  of  copper  may  be  substituted  for  that  of  manganese. 
(Mitscherlich,  Ann.  Ch.  et  Ph.,  January,  1843,  p.  7-)  These  are  cases 
of  what  has  been  termed  catalytic  action,  for  the  metallic  oxides  them- 
selves are  not  necessarily  affected,  but  apparently  facilitate  the  decom- 
position by  mere  presence  or  contact. 

Another  substance  from  which  oxygen  may  be  obtained,  and  pro- 
bably at  a somewhat  cheaper  rate,  is  black  oxide  of  mafiganese,  but  the 
gas  derived  from  this  source  is  never  perfectly  pure,  and  the  quantity 

produced  from  a given  weight  of  the  oxide  is 
liable  to  much  variation.  A pound  should 
yield  from  40  to  50  pint  measures.  (11  ounces 
troy  will  give  1 ounce,  or  1387  cubic  inches. 
Thomson.  1 ounce  yields,  if  quite  pure,  128 
cubic  inches.  Turner.  1 pound  troy  gives 
about  700  grains,  or  nearly  2000  cubic  inches, 
equal  to  7 imperial  gallons.  Kane.)  The 
oxide  of  manganese  should  be  coarsely  pow- 
dered, dried,  and  introduced  into  an  iron  gas 
bottle,  which  may  be  about  four  fifths  filled 
with  it,  and  placed  with  its  proper  connecting 
tubes,  in  a convenient  furnace  or  fire-place*. 
These  bottles  should  be  made  of  wrought  iron, 
of  the  shape  annexed  (fig.  247),  their  capacity 
being  from  one  to  three  pints.  The  connect- 
ing tube  a should  be  of  iron,  and  fitted  by 
grinding  it  into  the  neck  of  the  bottle ; and 
the  delivery  tube  b,  which  may  be  of  pewter, 


* The  oxide  of  manganese  is  sometimes 
mixed  with  portions  of  the  hydrated  oxide, 
in  which  case  the  steam  evolved  at  a high 
temperature  is  very  troublesome.  When 


purchased  in  fine  powder,  carbonaceous 
matter  is  sometimes  present,  and  the  oxygen 
is,  in  that  case,  contaminated  by  carbonic 
acid. 
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with  a brass  or  copper  piece  soldered  on  to  it  at  its  conical  end  c,  should 
be  similarly  ground  into  the  upper  end  of  the  connector.  When  these 
bottles  are  used,  the  joints  may  be  made  tight  by  the  previous  application 
of  a little  grease.  The  wrought-irou  bottles,  in  which  mercury  is  usually 
imported,  answer  very  well  as  gas -bottles ; but  in  all  common  cases  their 
size  is  inconveniently  large. 

When  the  oxide  of  manganese  becomes  red-hot,  the  oxygen  begins 
to  escape  by  the  pewter  tube,  which  must  be  so  bent  as  to  pass  under 
the  shelf  of  the  water  apparatus.  Collect  some  of  the  gas  in  a small 
jar  or  tube,  and  test  it  by  introducing  into  it  a slip  of  wood  which  has 
been  inflamed  and  blown  out,  so  that  the  end  remains  only  glowing ; if 
the  gas  be  sufficiently  pure,  the  glowing  wood  will  immediately  burst 
into  flame  and  burn  vehemently  : the  oxygen  may  then  be  collected  for 
use,  either  in  bottles,  jars,  gasholders,  or  gasometers,  as  required.  When 
the  gas  ceases  to  be  evolved,  the  bottle  must  be  removed  from  the  fire ; 
and,  when  cold,  emptied  of  its  contents,  which  will  be  found  to  be  an 
oxide  of  manganese,  of  a brown  colour,  containing  of  course  less  ox3^gen 
than  the  black,  and  not  further  decomposable  by  heat  alone,  except  at  an 
extremely  high  temperature.  (2  equivalents  or  88  parts  by  weight  of 
binoxide  of  manganese  yield  1 equivalent  or  8 parts  by  weight  of  oxygen 
and  1 of  sesquioxide  of  manganese,  as  in  the  following  equation  : 
2 Mn02==Mn2  03  + O.) 

Oxygen  gas  may  also  be  obtained  from  a mixture  of  pulverised  black 
oxide  of  manganese  and  sulphuric  acid,  in  such  proportions  as  to  be  about 
the  thickness  of  cream  ; this  mixture  is  put  into  a glass  retort,  and 
heated  over  an  Argand  lamp,  the  gas  being  collected  in  the  usual  way. 
(In  this  case,  1 equivalent  of  binoxide  and  1 of  sulphuric  acid  yield  1 
equivalent  of  protosulphate  of  manganese  and  1 of  oxygen.  Mn02  + 
SO3  ==  MnO,  SO3  + O.)  This  method  is  sometimes  convenient  where 
an  iron  retort  cannot  be  procured ; but  is  not  economical,  and  the 
ingredients  are  apt  to  harden  in  the  retort,  which  is  often  broken  in 
attempting  to  cleanse  it.  When  a mixture  of  bichromate  of  potassa  and 
sulphuric  acid  is  heated,  oxygen  also  is  evolved. 

If  perfectly  pure  oxygen  be  required,  it  must  not  only  be  obtained 
from  chlorate  of  potassa,  but  also  collected  over  mercury ; and  as  it  is 
often  wanted  in  the  experimental  labora- 
tory in  very  small  quantities  only,  a tube- 
retort,  made  of  green  or  plate  -glass,  bent 
into  the  annexed  form  (fig.  248),  may  be 
conveniently  used,  or  a small  flask  with 
a bent  tube  fi  tted  to  it,  as  in  fig.  249. 

It  must  also  be  recollected,  in  all  delicate 
experiments  with  oxygen  and  other  gases,  that 
they  retain,  as  usually  procured,  more  or  less 
vapor  of  water,  so  that  to  obtain  them  r/ry,  it 
is  necessary  to  convey  them  through  tubes  over 
substances  which  will  abstract  the  watery  vapor 
which  they  contain,  without  in  any  way  affecting 
the  purity  of  the  gas  itself.  Oxygen  may  thus 
be  dried  by  passing  it  through  a long  tube 
containing  fragments  of  fused  chloride  of  calcium  i 
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sulphuric  acid,  fused  potassa,  and  some  other  substances,  are  also  occa- 
sionally used  for  the  same  purpose^. 

Oxygen  gas  is  insipid,  colorless,  and  inodorous  ; it  is  permanently 
elastic,  under  all  known  pressures  and  temperatures.  Its  specific  gravity 
compared  with  air,  is  as  1*1093  to  1*000.  Compared  with  hydrogen,  its 
specific  gravity  is  = 16,  hydrogen  being  1.  At  mean  temperature 
and  pressure,  100  cubic  inches  weigh  34*38  grains  : or  according  to 
Thomson,  36*43  grains  at  the  temperature  of  32*^.  According  to  Dulong 
and  Berzelius,  the  specific  gravity  of  oxygen  is  1*1026,  and  100  cubic 
inches  weigh  34*109  grains  {^Ann.  Ch.  et  Ph.^  xv.  386) ; according  to 
Davy,  its  specific  gravity  is  1*127;  according  to  Thomson,  1*1111. 
Its  refractive  power,  in  regard  to  light,  is  less  than  that  of  any  known 
body  : compared  in  this  respect  with  atmospheric  air,  it  is  as  0*830  to 
1*000.  According  to  De  la  Roche  and  Beravd,  its  specific  heat,  com- 
pared with  an  equal  volume  of  air,  is  = 0*9765,  and  with  an  equal 
weight  of  air,  =:  0*8848,  that  of  air  being  = 1*000.  It  is  evolved  by 
electrolytic  action  at  the  positive  electrode,  or  anode,  and  therefore  stands 
among  the  electro-negative  bodies,  or  anions,  as  defined  by  Faraday. 


(p.  221.) 


When  powerfully  compressed  by  the  sudden  depression  of  a piston  in 
a glass  tube,  oxygen  appears  to  become  momentarily  luminous,  a property 
which  has  been  considered  as  one  of  its  characteristics.  Thenard,  how- 
ever, has  shown  that  this  appearance  is  connected  with  the  presence  of 
grease  or  oil  upon  the  compressing  piston,  and  that  the  gas,  although  much 
heated  by  sudden  compression,  is  not  of  itself  luminous. 

It  is  absorbed  in  very  small  quantity  only  by  water : 100  cubic 
inches  of  water,  freed  from  air,  taking  up  not  more  than  3*5  cubic  inches 
of  oxygen.  (Henry,  Phil.  Trans..,  1804,  p.  174.)  It  does  not  alter  the 
color  of  litmus,  nor  does  it  render  lime-water  turbid. 

It  is  a powerful  supporter  of  respiration.  A small  animal,  confined 
in  oxygen  gas,  lives  about  thrice  as  long  as  when  confined  in  the  same 
bulk  of  common  air ; it  has,  therefore,  been  called  vital  air ; but  we  are 
not  thence  to  conclude  that  it  is  fit  for  the  continuous  support  of  life:  on 
the  contrary,  an  animal  made  to  breathe  oxygen  for  any  length  of  time, 
falls  a sacrifice  to  excess  of  arterial  action,  and  after  death  the  blood  in 
the  veins  is  found  as  florid  as  that  in  the  arteries. 
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* Where  gas  requires  to  be 
dried,  the  following  form  of 
apparatus  is  generally  used,  a 
is  the  flask  in  which  the  gas  is 
generated,  b a tube  loosely  filled 
with  small  fragments  of  fused 
chloride  of  calcium,  and  c the 
tube  conveying  the  gas  into  the 
mercurial  trough.  Fused  po- 
tassa is  sometimes  substituted 
for  the  chloride  of  calcium, 
where  the  latter  absorbs  or 
otherwise  affects  the  gas  passed 
over  it;  and  when  oil  of  vitriol 
is  used,  the  tube  is  usually  bent 
into  the  shape  of  the  letter  U, 
and  filled  with  fragments  of 
pumi<^e  moistened  with  the  acid. 
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i Oxygen  eminently  supports  comhust'um.  A liglited  taper,  introduced 
into  this  gas,  is  very  rapidly  consumed,  with  intense  ignition  and  enlarge- 
ment of  the  flame  ; and  if  it  be  previously  blown  out,  so  that  the  Avick 
continues  gloAving  (and  for  such  experiments  pieces  of  green  Avax-taper 
ansAver  best),  it  immediately  bursts  into  flame  Avlien  plunged  into  the  jar 
! of  oxygen.  Sulphur,  Avhich  burns  in  the  air  Avith  a small  blue  flame, 
has  its  flame  enlarged  Avhen  iniinei  sed  in  a jar  of  oxygen,  and  blazes  with 
a beautiful  purple  color,  dissolving  as  it  Avere  in  the  oxygen,  and  convert- 
ing it  into  sulphurous  acid  gas,  Avhich  is  absorbed  by  water.  Phosphorus, 

I Avhen  inflamed  in  the  atmosphere,  burns  with  a bright  light,  but  in 
oxygen  the  eye  can  scarcely  bear  its  brilliancy,  and  the  heat  which  it 
evolves  is  very  intense : a piece  not  larger 
' than  a pea  should  be  used  in  the  experi- 
! ment.  The  oxygen  combines  Avith  the 
I phosphorus,  and  forms  a quantity  of  Avhite 
flaky  matter,  very  soluble  and  deliquescent, 

Avhich  is  chiefly  phosphoric  acid.  This,  and 
the  combustion  of  sulphur,  may  be  best  per- 
formed by  placing  them  in  a small  copper 
spoon  or  cup,  attached  to  a Avire  annexed 
to  a spare  stopper,  or  passing  through  a 
brass  collar,  or  a cork  Avhich  fits  the  neck 
of  the  air-jar.  The  disadvantage  of  a cork 
is,  that  it  is  sometimes  apt  itself  to  take 
fire  and  crack  the  jar,  the  most  conve- 
nient arrangement  consisting  in  a copper 
spoon  or  cup  attached  to  a copper  Avire 
sliding  through  a collar  in  a ground  brass  disc  Avhich  lies  upon  the  ground 
neck  of  the  air-jar : the  small  spoon  or  capsule  is  often  a convenient 
* shape,  but  for  combustion  in  oxygen,  Avhere,  as  in  the  case  of  phos- 
phorus, the  action  is  very  intense,  and  the  fused  combustible  liable  to 
drop,  a small  conical  receptacle  is  preferable  ; these  arrangements  are 
represented  in  figs.  251  and  252. 

One  of  the  most  brilliant  instances  of  combustion  in  oxygen  is  the 
burning  of  iron  Avire.  For  this  purpose  the  jar  should  be  capacious,  and 
placed  over  Avater  in  a common  soup  pkite;  the  oxygen  should  be  very 
pure.  A piece  of  thickish  annealed  iron  Avire  should  be  attached  to  the 
spare  stopper,  and  loosely  Avound  round  with  repeated  twists  of  harpsi- 
chord Avire,  so  as  to  form  a tangled  coil;  the  sulphur  tip  of  a match 
should  then  be  broken  off,  and  affixed  to  the  end  of  it ; Avhen  this  is 
inflamed,  and  the  coil  immersed  into  the  jar  of  gas,  vivid  combustion 
soon  ensues  : it  throAvs  off  brilliant  sparks,  and  partly  fuses  into  globules 
of  oxide,  Avhich  falling  through  the  Avater,  lie  for  some  time  red-hot  upon 
the  plate,  and  often  fuse  it  at  the  point  of  contact.  A piece  of  annealed 
Avatch- spring,  a thin  file,  or  long  shavings  Avhich  may  be  obtained  from 
the  turners  of  steel  or  iron,  may  also  be  used  for  this  experiment. 

In  these  cases  of  combustion  in  oxygen  gas,  the  sudden  expansions 
Avhich  take  place  are  apt  to  endanger  the  bell-glass,  which  should,  there- 
fore, if  necessaiy,  be  held  by  the  hand,  so  as  to  alloAv  the  occasional 
escape  of  a little  of  the  gas,  and  at  the  same  time  prevent  its  jarring 
upon  the  plate  beneath. 

VoL.  I. 
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The  results  of  the  «"ibove,  and  other  cases  of  combustion  in  oxygen, 
will  be  more  fully  detailed  and  explained  hereafter.  (See  Carbon^  SuU 
phur.  Phosphorus^  and  Iron?)  It  may  suffice  to  state  at  present,  that 
in  all  cases  of  combustion  in  oxygen,  the  combustible  and  the  oxygen 
combine,  and  the  product  of  combustion  consequently  manifests  an  in- 
crease in  weight  proportionate  to  the  quantity  of  oxygen  with  whicli  it 
has  united.  Acids  and  oxides  will  be  found  to  be  the  result  of  these 
combinations,  which  are  either  effected  slowly,  and  without  sensible 
evolution  of  heat  and  light ; or  rapidly,  with  the  phenomena  of  com- 
bustion and  flame:  or  with  intermediate  rapidity,  exciting  considerable 
elevation  of  temperature,  and  often  even  a red-heat,  though  without 
flame,  as  in  some  cases  which  have  been  already  cited  (p.  129.) 

The  terms  oxidizement  and  oxidation  imply  the  combination  of  oxygen 
with  bodies;  and  its  abstraction  or  separation  is  deoxidizement  or  reduction. 
All  the  elementary  substances  are  susceptible  of  oxidizement,  and  most 
of  them,  at  certain  temperatures,  with  the  evolution  of  heat  and  light; 
these  are  in  common  language  termed  combustible  or  injiammable  bodies; 
when  a substance  is  saturated  with  oxygen,  it  becomes  incombustible ; 
that'  is,  incapable  of  entering  into  further  combination  with  it.  Bodies 
saturated  with  the  other  supporters  of  combustion  are  also  incombustible, 
hence  the  perchlorides,  periodides,  &c.,  come  usually  under  that  defini- 
tion. All  organic  bodies  are  combustible. 

The  phenomena  of  combustion  sNexQ  referred  by  Stahl  and  his  associates 
to  a peculiar  principle  which  they  called  phlogiston ; it  was  supposed  to 
exist  in  all  combustibles,  and  combustion  was  said  to  depend  upon  its 
separation : but  this  explanation,  though  apparently  supported  by  expe- 
rimental evidence,  was  at  variance  with  the  well-known  fact,  that  bodies 
during  combustion  increase  in  weight. 

After  the  discovery  of  oxygen  gas,  it  was  adopted  by  Lavoisier  as  the 
universal  supporter  of  combustion.  The  ponderable  basis  of  the  gas  was 
supposed  to  unite  to  the  combustible,  and  the  heat  and  light  which  it  before 
contained  in  the  gaseous  state,  were  said  to  be  evolved  in  the  form  of  flame. 
But  in  this  hypothesis  several  requisites  are  not  fulfilled;  the  light  depends 
upon  the  combustible,  and  not  upon  the  quantity  of  oxygen  consumed; 
and  there  are  numerous  instances  of  combustion  in  which  oxygen, 
instead  of  being  solidified,  becomes  gaseous  during  the  operation;  so  that 
the  theory  of  latent  heat  is  insufficient;  and,  lastly,  in  others,  no  oxygen 
whatever  is  present.  Combustion,  therefore,  cannot  be  regarded  as  de- 
pendent upon  any  peculiar  principle,  or  form  of  matter,  but  must  be 
considered  as  a general  result  of  intense  chemical  action.  It  may  be 
connected  with  the  electrical  energies  of  bodies ; for  all  bodies  which 
powerfully  act  upon  each  other  are  in  the  opposite  electrical  states  of 
positive  and  negative;  and  the  evolution  of  heat  and  light  may  depend 
upon  the  annihilation  of  these  opposite  states,  which  happens  whenever 
they  combine. — See  the  Section  on  Electricity ; and  the  article  Atmo- 
spheric Air. 

It  appears,  from  the  researches  of  Despretz,  that  the  heat  evolved  in 
all  common  cases  of  combustion  depends,  not  upon  the  combustible,  but 
upon  the  quantity  of  oxygen  consumed:  thus,  a pound  of  oxj^gen,  in 
combining  respectively  with  hydrogen,  charcoal,  alcohol,  and  ether, 
evolved  in  each  case  very  nearly  the  same  quantity  of  heat,  each  raising 
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29  pounds  of  water  from  32°  to  212°.  AVitli  respect  to  the  comparative 
quantities  of  heat  evolved  by  a given  weight  of  different  combustibles, 
he  obtained  the  following  results  : — 


1 pound  of 

pure  charcoal  raised  

to  212° 

common  wood  charcoal  ... 

75 

5J 

5) 

33 

» 

baked  wood 

30 

33 

)) 

wood  holding  20  per  cent,  of  water  27 

33 

?? 

bituminous  coal 

60 

33 

5) 

turf 

....  25  to  30 

» 

alcohol 

68 

>» 

33 

oil,  wax  

90 

•3 

?> 

ether  

80 

>5 

5> 

33 

» 

hydrogen 

236 

J5 

)} 

The  evolution  of  lights  as  a result  of  combustion,  has  already  been 
noticed,  and  also  the  phenomena  of  combustion  and  oxidizement  at 
comparatively  low  temperatures.  All  cases  of  oxidizement  are  pro- 
bably attended  with  the  evolution  of  heat,  but  where  the  process  is 
slow,  the  evolved  heat  is  unobserved  and  dissipated  without  accumula- 
tion : in  other  cases,  where  the  process  is  effected  in  a shorter  period, 
the  heat  becomes  proportionably  sensible;  and  where  the  oxidizement  is 
rapid,  the  whole  of  the  heat  being  evolved  in  a much  more  limited  time, 
is  proportionably  exalted  in  intensity.  A pound  of  charcoal,  for  in- 
stance, combining  with  oxygen  in  the  process  of  respiration,  evolves  the 
same  absolute  amount  of  heat  as  when  in  a state  of  ignition,  and  com- 
bines with  the  same  quantity  of  oxygen;  hut  in  the  former  case,  the 
combustion,  so  to  say,  is  spread  over  thirty  hours,  and  in  the  latter  may 
be  effected  in  as  many  minutes. 

§ II.  CHLORINE.  Cl.  36. 

Chlorine  was  discovered  by  Scheele  in  1774.  Consistently  with  the 
theoretical  notions  of  its  nature,  he  called  it  dephlogisticated  inuriatic 
acid.  {Me7n.  Acad.  Stockholm.,  1774,  p.  94.)  The  terra  oxymuriatic  acid 
was  afterwards  applied  to  it  by  the  French  chemists.  (Berthollet, 
Jour,  de  Phys.)  The  more  appropriate  term  chlorine,  (from 
green,)  which  merely  designates  its  greenish-yellow  color,  was  given  to 
it  by  Davy,  who,  in  1810,  published  a masterly  essay  on  its  nature,  (in  the 
Phil.  Trans.,)  showing  that  so  far  from  containing  loosely-combined 
oxygen,  as  had  been  suspected,  that  element  could  not  be  proved  to  exist 
as  one  of  its  component  parts;  also  that  it  contained  no  muriatic  acid; 
that  in  all  cases  of  the  apparent  evolution  of  oxygen  and  muriatic  acid 
from  chlorine,  -water  was  present,  and  ivas  decomposed;  and  that,  in  the 
present  state  of  our  knowledge,  chlorine  must  be  regarded  as  an  unde- 
compounded or  elementary  body.  Its  great  natural  source  is  sea-salt,  or 
chloT'ide  of  sodium:  it  also  occurs  in  several  other  combinations. 

To  obtain  chlorine,  a mixture  of  one  part  by  weight  of  coarsely  pow- 
dered black  oxide  of  manganese  and  two  parts  of  common  hydrochloric 
acid  may  be  heated  over  a lamp  in  a glass  retort.  (1  atom  of  binoxide  of 
manganese  and  2 of  hydrochloric  acid  yield  I of  protochloride  of  man- 
ganese, 2 of  "water,  and  I of  chlorine.  Mn02  -f-  2 HCl  =MnCl  -f- 
2 HO -1- Cl.  See  Hydrochloric  Acid.)  Chlorine  is  soon  copiously 
evolved,  and  may  be  conveniently  collected  over  warm  water ; it  is 
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alisorbed  by  cold  water,  and  cannot,  therefore,  be  long  retained  over  that 
fluid ; so  that  it  should  be  received  into  bottles  provided  with  ground 
stoppers : when  these  are  full,  the  stopper,  previously  greased  a little, 
should  be  introduced  under  water,  care  being  taken  to  exclude  the  water 
from  their  interiors.  In  consequence  of  the  deleterious  nature  of  chlorine, 
its  escape  into  the  atmosphere  of  the  laboratory  should  be  prevented,  by 
collecting  the  first  portions  which  come  over  mixed  with  the  common  air 
of  the  retort,  in  a jar,  which  may  afterwards  be  carried  away  into  the 
open  air,  or  placed  under  a chimney.  The  gas  may  be  preserved  for  use 
Avhen  it  passes  over  of  its  full  color,  to  judge  of  which,  the  neck  of  the 
retort  should  be  kept  clean;  the  retort  should  not  be  more  than  half  filled 
with  the  materials,  whicli  are  otherwise  apt  to  boil  over,  and  soil  the 
water  in  the  trough. 

When  chlorine  is  required  perfectly  pure  and  free  from  hygrometric 
moisture,  it  should  he  first  passed  through  water,  and  afterwards  con- 
ducted through  a tube  containing  fragments  of  fused  chloride  of  calcium, 
and  ultimately  into  a clean  dry  bottle,  from  which  it  will  expel  the 
atmospheric  air,  as  explained  by  fig.  246 ; it  cannot  be  collected  over 
mercury,  as  it  immediately  combines  with  that  metal. 

Chlorine  may  also  be  procured  from  a mixture  of  8 parts  of  common 
salt,  3 of  pulverized  black  oxide  of  manganese,  4 of  water,  and  5 of 
sulphuric  acid:  or  the  proportions  recommended  by  Thenard  may  be 
used;  viz.,  4 parts  of  common  salt,  I part  of  oxide  of  manganese,  2 of 
sulphuric  acid,  and  2 of  water.  The  theory  of  its  production  in  these 
cases  will  be  explained  afterwards.  See  Hydrochloric  Acid  and  Suljihate 
of  Soda. 

Chlorine,  at  common  temperatures  and  pressures,  is  a gaseous  fluid, 
which,  when  perfectly  dry,  suffers  no  change  by  exposure  to  a temperature 
much  below  0®;  but,  in  its  ordinary  state,  it  generally  contains  aqueous 
vapor,  which,  at  a temperature  of  32°,  is  deposited  in  combination  with 
chlorine,  in  the  form  of  a white  crystalline  compound,  which  liquifies, 
effervesces,  and  is  again  taken  up  by  the  gas,  upon  the  application  of 
heat.  This  hydrate  of  chlorine  may  be  best  obtained  by  introducing  into 
a clean  bottle  of  the  gas  a little  Avater,  and  keeping  it  for  a few  days  in  a 
dark  place,  at  a temperature  not  exceeding  32°.  It  then  forms  prismatic 
and  acicular  crystals,  having  a specific  gravity  of  about  1*2,  and  com- 
posed of  27‘7  chlorine  and  72  3 water,  or  about  I atom  of  chlorine  to  10 
of  water.-  (Faraday.  Quarterly  Journal^  xv.) 

Chlorine  was  the  first  of  the  gases  supposed  to  be  permanently  elastic 
which  Faraday  succeeded  in  condensing  into  the  liquid  state:  he  effected 
this  by  putting  some  of  the  hydrate  of  chlorine  into  a small  bent  tube, 
hermetically  sealed,  and  applying  a gentle  heat;  a yellow  vapor  formed, 
Avhich  condensed  in  the  cold  part  of  the  tube  into  tw^o  distinct  fluids,  the 
uppermost  and  lightest  of  which  was  mere  aqueous  solution  of  chlorine, 
but  the  heavier  was  yellow,  and  separable  by  careful  distillation.  If, 
when  the  fluids  were  separated,  the  tube  Avas  cut  in  the  middle,  the  parts 
flew  asunder  with  an  explosion,  the  whole  of  the  yelloAV  portion  disap- 
peared, and  gaseous  chlorine  was  produced.  When  the  end  of  the  tube 
containing  the  yellow  fluid  Avas  broken  under  water,  there  was  also  an 
immediate  escape  of  gaseous  chlorine.  The  specific  gravity  of  chlorine, 
Avhen  condensed  into  the  liquid  form,  is  about  1*33.  It  is  a non-con- 
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(luctor  of  electricity;  its  refractive  power  is  rather  less  than  that  of  water. 
{PhiL  Trans. ^ 1823,  p.  160.)  It  does  not  freeze  at  the  very  low  tempera- 
ture of  166°  below  0°  Fahrenheit.  (Faraday.  Phil.  Trans. 1845,  p.  170.) 

When  gaseous  chlorine  is  dry  and  pure,'it  is  not  aifected 
hy  light,  neither  is  it  altered  by  high  temperatures.  Davy 
exposed  it  to  the  continued  action  of  charcoal  intensely 
ignited  by  voltaic  electricity,  without  the  smallest  change 
in  its  properties.  The  apparatus  which  he  used  consisted 
of  a glass  globe  (fig.  253),  having  at  its  upper  part  a sliding 
wire  passing  air-tight  through  a ground  collar,  to  the 
lower  end  of  which  was  attached  a piece  of  well-burned 
charcoal : at  bottom  was  a stop-cock  supporting  a pincers, 
holding  another  pointed  piece  of  charcoal;  the  globe  was 
exliaiisted,  filled  Avith  chlorine,  and  the  stop-cock  and 
slidinof  Avire  Avere  connected  Avith  the  extremes  of  a 

O 

poAverful  voltaic  battery,  so  as  to  maintain  the  charcoal 
points  in  a state  of  intense  ignition. 

Chlorine  gas  is  of  a greenish-yelloAV  color,  a pungent  and  disagreeable 
smell,  a peculiar  and  someAvhat  astringent  taste,  highly  irritating  and 
injurious  Avhen  respired,  and  exciting  cough  and  great  irritation  of  the 
lungs,  and  mucous  secretion  from  the  trachea  and  bronchise,  even  Avheii 
considerably  diluted  Avith  atmospheric  air.  In  some  pulmonary  com- 
plaints, the  respiration  of  air  slightly  tainted  by  the  admixture  of 
chlorine  has  been  resorted  to  as  a stimulant.  “ It  is  not  a little  remark- 
able, that  chlorine,  if  very  much  diluted,  although  still  apt  to  excite 
cough,  is  found  to  alleviate  the  symptoms  of  ptysis  Avhen  inhaled,  pro- 
bably by  promoting  expectoration:  the  patients  themselves  soon  learn 
to  bear  it  stronger,  and  to  long  for  the  hour  of  inhaling  it.  It  is  also 
stated  that  the  Avorkers  in  manufactories  of  bleaching  poAvder,  and  in 
bleaching  and  dye  Avorks,  Avhere  the  air  is  always  to  some  extent  charged 
Avith  chlorine,  are  less  liable  to  ptysis  than  others;  so  that  up  to  a certain 
point  the  system  seems  capable  of  becoming  habituated  to  it  with  benefit.” 
Gregory. 

The  specific  gravity  of  chlorine  compared  Avith  air  is,  according  to  Gay 
Lussac  and  Thenard,  2*470,  Avhich  gives  76*59  grains  as  the  Aveight  of 
100  cubical  inches  at  mean  temperature  and  pressure.  According  to 
Davy,  its  specific  gravity  is  2*395,  and  100  cubic  inches  Aveigh  betAveen 
76  and  77  grains.  According  to  Thomson,  the  specific  gravity  of  chlo- 
rine is  2*5,  and  at  the  temperature  of  32°  100  cubic  inches  Aveigh  81*975 
grains.  Its  specific  gravity,  in  reference  to  hydrogen,  may  he  considered 
as  36  to  1.  Its  atomic  Aveight  is  36.  (35*42  Berzelius,  35*84 

Turner.)  Chlorine  is  an  electrolytic  anion. 

At  the  temperature  of  60°,  AA'ater  dissolves  tAvice  its  volume  of  chlorine. 
The  solution,  saturated  at  42°,  has  a specific  gravity  of  1*003;  it  is  of  a 
pale  yelloAv  color,  has  an  astringent,  nauseous  taste,  and  destroys  vege- 
table colors:  hence  its  use  in  bleaching:  though  chlorine  itself,  Avhen 
perfectly  free  from  moisture,  has  scarcely  any  such  action.  Hence  the 
Ideaching  agency  has  been  by  some  regarded  as  due  to  the  evolution  of 
nascent  oxygen  resulting  from  the  decomposition  of  Avatcr. 

Tlie  aqueous  solution  of  chlorine  freezes  at  32°,  forming  the  crystalline 
hydrate  above  mentioned,  and  ice  Avhich  is  free  from  chloiine.  (h  arauay.) 
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When  this  solution  is  exposed  to  the  direct  rays  of  tlie  sun,  oxygen 
is  evolved  in  consequence  of  the  decomposition  of  the  water,  the  hydrogen 
of  which  unites  to  the  chlorine,  and  forms  hydrochloric  acid.  The  same 
change  ensues  more  slowly  in  common  day-light,  but  in  the  dark  there 
is  no  such  decomposition;  so  that  as  gaseous  chlorine  generally  contains 
aqueous  vapor,  the  bottles  in  which  it  is  preserved  should  be  excluded 
from  light. 

Chlorine,  and  its  aqueous  solution,  are  powerful  antiseptics,  and 
destroyers  of  contagious  and  infectious  matter,  and  of  had  odors.  This 
property  depends  on  the  power  which  chlorine  has  of  decomposing  those 
nocuous  compounds,  and  resolving  them  into  others  which  are  harmless. 
For  the  purposes  of  fumigation,  chlorine  liberated  from  black  oxide  of 
manganese  and  hydrochloric  acid,  or  from  manganese,  salt,  and  sulphuric 
acid,  may  he  diffused  through  the  atmosphere  of  the  infected  chambers; 
or  the  infected  goods  may  he  exposed  to  it.  In  the  same  way  the  offen- 
sive odors  of  dead  bodies  may  he  mitigated  by  sprinkling  them  with  solu- 
tion of  chlorine.  (See  Chloride  of  Soda^  Chloride  of  Lime^  &c.)  When 
it  is  wished  to  fumigate  with  chlorine,  saucers  containing  the  mixture 
which  evolves  it  should  be  placed  in  the  higher  parts  of  the  room,  as  it 
then  descends  on  account  of  its  density,  and  becomes  sooner  blended  with 
the  surrounding  air. 

When  a burning  taper  is  immersed  in  a jar  of 
chlorine,  the  brilliancy  of  the  flame  is  much  im- 
paired; it  becomes  red,  throws  off  dense  fumes, 
and  is  soon  extinguished.  There  are,  however, 
many  bodies,  such  as  phosphorus  and  several  of  the 
metals,  which  are  spontaneously  ignited  by  chlo- 
rine, and  burn  in  it  with  much  energy.  In 
these  cases,  binary  compounds  result,  some  of  which, 
like  those  of  oxygen,  are  possessed  of  acid  proper- 
ties: others  are  not  acid,  and  are  termed  chlorides. 
Brass  or  copper  leaf,  and  powdered  antimony,  serve 
well  to  show  the  intense  action  of  chlorine  upon 
certain  metals.  When  introduced  into  the  gas, 
they  enter  into  immediate  combustion,  and  chloride 
of  copjjer  and  chloride  of  antimony  are  formed. 
The  best  way  of  making  these  experiments  consists 
in  introducing  the  phosphorus,  or  the  copper  leaf, 
into  a retort,  mounted  with  a stop-cock,  and  ex- 
hausted upon  the  air-pump;  it  is  then  screwed  into 
the  cap  of  an  air-jar  of  chlorine,  also  mounted  with 
a stop-cock,  and  standing  over  water  (fig.  254). 
Upon  opening  the  cocks,  the  gas  rushes  into  the 
retort,  and  the  phosphorus  or  copper  leaf  imme- 
diately burns.  In  consequence  of  their  irregular 
thickness  and  form,  retorts  are  frequently  broken  by 
the  airs  pressure  whilst  exhausting;  so  that  it  is 
safe  to  cover  them  with  a cloth  during  the  process, 
to  prevent  the  splinters  being  thrown  about.  A 
er,  imbued  with  oil  of  turpentine,  is  also  sponta- 
neously inflamed  when  put  into  a jar  of  chlorine. 
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The  presence  of  chlorine  is  recognized  by  its  bleaching  power,  by  its 
odor  and  color,  and  by  its  action  upon  solution  of  nitrate  of  silver,  in 
j which  it  occasions  a white  curdy  precipitate,  insoluble  in  nitric  acid,  but 
soluble  in  liquid  ammonia,  and  speedily  blackening  by  exposure  to  light, 
/ It  is  also  detected  by  electrolytic  action,  as  already  shown  (p.  222). 

Chlorine  and  Oxygen.  No  compound  of  these  two  elementary 
substances  can  be  obtained  by  their  direct  mutual  action,  for  they  have 
but  a feeble  affinity  for  each  other,  and,  'when  combined,  are  easily  sepa~ 
rable.  By  presenting  chlorine  and  oxygen,  however,  to  each  other,  under 
certain  conditions,  they  form  four  distinct  compounds,  namely. 


1.  Protoxide  of  chlorine,  or  hypoclilorous  acid  (chlorous  acid)  = CIO  or  C1202. 

2.  Peroxide  of  chlorine,  or  hypocliloric  acid = C104. 

3.  Chloric  acid  = C105. 

4.  Perchloric  acid  = CIO7. 


Protoxide  of  Chlorine,  Hypochlorous  Acid  (of  Balard)  = CI2O2. 
Chlorous  Acid  (of  Gay  Lussac)  = CIO.  In  the  Phil.  Trans,  for  1811, 
Davy  has  described  a peculiar  gas,  to  which,  on  account  of  its  deep  yellow- 
green  color,  he  gave  the^name  of  FAichlorme^ . He  obtained  it  by  mixing 
in  a small  retort,  2 parts  of  chlorate  of  potassa  wdth  I of  water  and  I of 
hydrochloric  acid,  and  applying  a very  gentle  heat.,  so  as  to  cause  a mode- 
rate effervescence:  he  collected  it  in  small  jars  or  tubes  over  mercury;  but 
the  best  way  of  examining  it  is  to  retain  it  in  the  tube  or  vessel  in  which 
it  is  generated,  or  to  collect  it  by  displacement  in  a clean  dry  phial  or  jar. 

This  gas  has  a peculiar  odor,  like  diluted  chlorine,  and  is  pernicious 
to  respiration.  Davy  found  its  specific  gravity  to  vary;  he  estimated  it 
at  about  2*4:  Gay  Lussac  and  Thenard  regard  it  as  = 3.  Water  dissolves 
ten  volumes  of  this  gas,  and  acquires  its  peculiar  odor,  and  a yellow 
color;  it  destroys  most  vegetable  colors,  previously  reddening  some  of 
the  blues.  Its  most  remarkable  character  is  the  facility  w'ith  which 
it  is  decomposed:  wdien  gently  heated  in  the  upper  part  of  a small  tube 
standing  over  mercury,  a kind  of  explosion,  attended  by  a flash  of  light, 
ensues,  and  the  tube  is  projected  to  some  distance;  but  if  it  be  firmly 
held  down  in  the  mercury,  the  results  of  the  decomposition  are  retained. 
According  to  Davy,  50  volumes  are  thus  expanded  to  60,  consisting  of  a 
mixture  of  40  of  chlorine  and  20  of  oxygen:  according  to  Gay  Lussac,  2 
volumes  become  3,  composed  of  2 volumes  of  chlorine  and  I of  oxygen. 
According  to  this  view  protoxide  of  chlorine  would  consist  of 


Gay  Lussac. 

V olumes. 

S.  G.' 

Chlorine 

...  1 .. 

..  36 

....  81-82 

....  1-0  ... 

, 2-45 

Oxygen  

...  1 .. 

8 

....  18-18 

....  0-5  .... 

, 0-55 

1 

44 

100-00 

1 

3-00 

This  gas  sometimes  explodes  whilst  it  is  collecting,  or  in  being  trans- 
ferred from  one  vessel  to  another,  or  even  by  the  heat  of  the  hand ; so 
that  it  should  be  cautiously  dealt  with  and  examined,  and  collected  in 
small  quantities  only.  Detonated  with  hydrogen,  in  the  projiortion  of 
5 measures  of  the  gas  to  8 of  hydrogen,  it  gives  rise  to  the  produc- 


* It  would  appear  probable  from  the 
recent  experiments  of  Gay  Lussac,  that  the 


color  of  this  gas  is  to  be  ascribed  to  the 
presence  of  peroxide  of  chlorine. 
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tion  of  water  and  hydrochloric  acid.  It  is  decomposed  by  all  burning 
bodies,  and  their  combustion  continues  as  it  would  in  a mixture  of 
chlorine  and  oxygen  in  the  above-mentioned  proportions.  A small  piece 
of  phosphorus  let  up  into  the  gas  instantly  takes  fire  and  absorbs  it, 
burning  with  much  brilliancy. 

The  experiments  of  Soubeiran  (Ann.  Ch.  ei  Ph.^  xlviii.  1 13)  ren- 
dered it  probable  that  euchlorine  was  a mixture  of  chlorine  with  peroxide 
of  chlorine,  an  opinion  which  some  of  Davy’s  observations  seemed  to 
corroborate;  the  more  recent  researches,  however,  of  Balard  and  of  Gay 
Lussac,  have  much  extended  our  knowledge  of  the  nature  and  properties 
of  this  body.  Balard,  in  a valuable  paper  on  the  bleaching  compounds  of 
chlorine,  (Ann.  Ch.  el  Ph.,  Ivii.  225,)  has  shown  the  mode  of  obtaining  it 
in  a pure  form ; he  calls  it  hypochlorons  acid.  His  process  consists  in  agi- 
tating a mixture  of  one  part  of  precipitated  red  oxide  of  mercury  with 
twelve  of  distilled  water,  in  a bottle  filled  with  chlorine;  the  gas  is  rapidly 
absorbed : if  the  proportion  of  the  oxide  is  insufficient  the  deposited 
powder  is  white,  and  some  of  the  chlorine  remains  unabsorbed;  but  the 
oxide  should  be  in  slight  excess,  so  as  to  remain  red,  and  entirely  absorb 
the  gas;  (6  drachms  of  red  oxide  mixed  in  fine  powder  with  an  ounce 
and  a half  of  water,  and  shaken  in  a quart  bottle  of  chlorine,  are  the  pro- 
portions recommended  by  Graham.)  When  the  absorption  is  complete, 
the  contents  of  the  bottle  are  poured  upon  a filter,  and  the  filtrated 
liquor  subjected  to  distillation  in  vacuo,  by  which  a diluted  solution 
of  hypochlorous  acid  is  obtained,  and  which  may  be  concentrated  by  a 
second  distillation. 

After  enumerating  the  properties  of  this  liquid  or  aqueous  acid, 
Balard  proceeds  to  show  the  mode  of  obtaining  from  it  the  pure  gaseous 
acid  : this  he  effected  by  throwing  up  into  an  inverted  jar  of  mercury  a 
quantity  of  the  liquid  acid,  and  then  passing  into  it,  through  the  mercury, 
small  fragments  of  fused  nitrate  of  lime,  which  abstracts  the  water  and 
liberates  the  pure  Itypochlorous  acid  in  the  state  of  a gas,  a little  deej^er 
colored  than  chlorine,  of  a strong  penetrating  odor,  and  absorbable  by 
mercury,  from  the  contact  of  which  it  is  preserved  in  the  above  mode  of 
obtaining  it,  by  the  layer  of  solution  of  nitrate  of  lime.  Water  dissolves 
many  times  its  volume,  forming  a pale-colored  solution,  similar  to  that 
originally  obtained  by  distillation  in  vacuo.  A slight  elevation  of  tem- 
perature is  sufficient  to  decompose  this  gas  with  explosion  and  evolution 
of  heat  and  light,  so  that  it  requires  careful  management.  It  is  not 
changed  by  some  hours’  exposure  to  diffused  daylight,  but  direct  solar 
rays  decompose  it  in  a few  minutes  without  explosion  : when  mixed  with 
hydrogen  and  inflamed,  it  detonates  violently,  but  at  common  tempera- 
tures the  mixture  remains  unchanged.  Bromine  and  iodine  slowly 
decompose  it;  sulphur,  selenium,  phosphorus,  and  arsenic  decompose  it 
with  sudden  aud  violent  detonation  ; charcoal  also  causes  it  to  explode, 
apparently  in  consequence  of  the  condensation  which  the  gas  suffers  in 
its  pores.  Blotting-paper  introduced  into  the  gas  also  causes  its  sudden 
decomposition  into  a mixture  of  chlorine  and  oxygen;  indigo  decomposes 
it  slowly  and  with  more  complicated  changes ; by  the  action  of  oxalic 
acid  it  forms  carbonic  acid,  and  chlorine  is  evolved. 

Ihilard  found,  by  various  analytical  methods,  that  the  composition  of 
this  hypochlorous  acid  gas  is  analogous  to  that  of  Davy’s  euchlorine;  that 
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is,  tliat  it  consists  of  I volume  of  clilorine  and  0*5  volume  of  oxygen, 
condensed  into  1 volume ; but  he  gives  reasons  (which  we  shall  again 
advert  to  in  speaking  of  some  of  the  hypochlorites)  for  regarding  the 
equivalent  of  the  hypochlorous  acid,  not  as  36  + 8 — 44,  but  as  72  + 16= 
88;  that  is,  as  CI2O2. 

The  concentrated  aqueous  solution  of  this  acid  is  pale  yellow ; it  has  a 
peculiar  penetrating  odor,  and  an  acrid  but  not  acid  taste ; it  attacks 
tlie  cuticle  with  great  energy,  destroying  it  more  rapidly  than  nitric  acid, 
and  communicating  to  it  a reddish-brown  color.  It  decomposes  at  com- 
mon temperatures,  and  in  summer  requires  to  be  kept  in  ice,  and  in  a 
dark  place.  It  is  rapidly  decomposed  by  iron-filings,  but  of  the  other 
heavy  metals  there  are  few  which  have  any  very  energetic  action  upon  it. 
It  is  curious  that,  with  the  exception  of  silver,  they  become  oxidized  and 
evolve  chlorine ; silver,  on  the  contrary,  evolves  oxygen,  and  combines 
with  the  chlorine.  It  converts  bromine  and  iodine  into  bromic  and  iodic 
acids ; and  sulphur,  phosphorus,  selenium,  and  arsenic,  into  their  acids, 
with  the  evolution  of  chlorine.  When  a concentrated  solution  of  this 
acid  is  mixed  with  ammonia,  or  when  a fragment  of  sulphate  or  phosphate 
of  ammonia  is  suspended  in  it,  drops  of  the  explosive  chloride  of  nitrogen 
are  formed : if  both  solutions  are  concentrated,  effervescence  and  decom- 
position ensue. 

Gay  Imssac  {Aim.  Ch.  et  Ph.,  3 Ser.,  v.  273)  has  more  lately  added 
some  important  facts  respecting  this  compound  of  chlorine  and  oxygen, 
which  he  terms  chlorous  acid^  and  gives  reasons  for  regarding  its  equiva- 
lent as  36  + 8=44,  or  its  formula  as  CIO.  He  obtains  it  by  filling  a 
stopper  bottle  with  dry  chlorine  and  introducing  into  it  a tube  sealed  at 
one  end,  two-thirds  filled  with  peroxide  of  mercury,  and  the  remaining 
third  with  fine  dry  sand  (the  use  of  which,  however,  is  not  very  apparent). 
The  stopper  should  be  slightly  greased  in  its  upper  part,  so  as  to  fit 
hermetically.  The  bottle  is  then  inverted  and  shaken  a little,  by  which 
the  contents  of  the  tube  are  brought  into  contact  of  the  chlorine,  the 
color  of  which  soon  disappears^  and  on  opening  the  stopper  under  mer- 
cury a diminution  of  volume  to  about  one-half  is  found  to  have  taken 
place,  and  the  remainder  is  gaseous  chlorous  acid*  ; it  is  colo7'less,  and  very 
unstable,  exploding  sometimes  at  common  temperatures ; it  is  very  solu- 
ble in  water,  which  takes  up  more  than  100  times  its  volume  ; its  aqueous 
solution  gradually  decomposes,  especially  in  solar  light,  and  is  resolved 
into  chlorine,  oxygen,  and  chloric  acid  : the  solution  also  contains  a little 
hydrochloric  acid  due  to  the  subsequent  action  of  the  chlorine  on  the 
water : at  a boiling  heat  the  solution  decomposes  as  rapidly  as  if  ex- 
posed to  light,  chloric  acid  is  formed,  and  oxygen  and  chlorine  evolved, 
the  latter  predominating.  Gay  Lussac  shows  that  the  neutralizing  power 
of  this  acid  is  such  that  1 equivalent  of  it  may  be  represented  by  CIO, 
and  that  the  neutral  chlorite  of  potassa  is  KO  + CIO,  and  not  CI2O2 


* Pelouze  obtains  hypochlorous  acid  by 
passing  pure  and  dry  chlorine  over  binoxide 
of  mercury  prepared  by  precipitation,  well 
dried,  and  placed  in  a cooled  glass  tube ; 
chloride  of  mercury  is  formed,  and  the 
gaseous  hypochlorous  acid  evolved  and  col- 


lected by  displacement.  The  crystalline 
oxide  of  mercury  obtained  by  heat  is  scarcely 
acted  on.  When  the  gas  is  cooled  to  0°,  it 
condenses  into  a red  liquid,  explosive,  and 
slowly  soluble  in  water.  (A7in.  Ch.  ct  Ph., 
3d  Series,  vii.  179.) 
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(as  in  tlie  case  of  hyposulpliurous  acid,  which  is  correctly  represented  by 
S2O2,  that  being  its  equivalent  in  the  neutral  hyposulphites).  In  the 
formation  of  the  gaseous  acid,  it  would  appear  that  I equivalent  of  oxide 
of  mercury  and  2 of  chlorine  produce  I equivalent  of  chloride  of  mercury 
and  2 of  chlorous  acid,  (HgO  + 2 Ci  = HgCl-l-  CIO,)  and  that  in  the  latter, 

1 volume  of  chlorine  and  half  a volume 
of  oxygen  are  condensed  into  I volume. 
Gay  Lussac  observes  that  the  chlorous 
acid  is  probably  w^eaker  than  the  car- 
bonic, though  in  most  cases  they  mutu- 
ally displace  each  other : the  chlorites 
are  unstable  compounds,  decomposed  by  light  and  by  a temperature  of  212° 
into  chlorates  and  chlorides : by  the  oxyacids  they  evolve  chlorous  acid. 
A chlorite  mixed  with  a sufficiency  of  a metallic  chloride  and  excess  of 
sulphuric  acid,  effervesces,  and  the  metal  of  the  chloride  takes  the  oxygen 
of  the  chlorous  acid  to  become  soluble  in  the  sulphuric  acid,  whilst  the 
chlorine  of  the  chloride  and  of  the  acid  are  disengaged ; but  if  the  sul- 
phuric acid  be  carefully  added  so  as  only  just  to  decompose  the  chlorite, 
chlorous  acid  (and  not  chlorine)  is  given  off.  (In  the  former  case  KCl 
-t-  KO,  CIO  + 2 SO3  yield  2 [KO,  SO3]  and  2 Cl ; but  in  the  latter,  KCl 
+ KO,  CIO  -b  SO3  give  KO,  SO3  + KCl  + CIO.)  In  consequence  of  the 
feeble  acid  character  of  the  chlorous  acid  and  of  the  feeble  basic  character 
of  oxide  of  mercury,  no  chlorate  of  mercury  is  formed  when  chlorine  and 
oxide  of  mercury  diffused  in  water  are  made  to  act  on  each  other,  but 
with  the  more  powerful  alkaline  bases  the  case  is  different,  and  the  chlo- 
rous acid,  instead  of  remaining  free,  combines  with  them  to  form  chlorites. 

Peroxide  of  Chlorine.  Hypochloric  Acid.  C104,  was  dis- 
covered by  H.  Davy,  in  1815.  (Phil.  Trans. ^ p.  214.)  He  obtained 
it  as  follows : about  50  grains  of  chlorate  of  potassa  are  moistened  with 
a few  drops  of  concentrated  sulphuric  acid,  and  rubbed  together  with 
a platinum  spatula,  till  they  incorporate  and  form  a solid  mass  of  an 
orange  color.  This  mass  is  to  be  introduced  into  a small  glass  retort, 
and  gradually  warmed  in  a water-bath,  the  temperature  of  which 
must  be  carefully  kept  below  212°,  which  may  be  managed  by  mixing 
alcohol  with  the  water.  (Or  we  may  use  a small  tube,  sealed  at  one 
end,  as  a substitute  for  a retort,  and  fitted  with  a cork  perforated  by 

a small  S tube,  as  in  fig.  255,  where  a re- 
presents the  tube,  which  should  be  wrapped 
round  with  a little  tow,  in  case  of  explosion, 
to  prevent  fragments  being  thrown  about ; 
b the  cork,  &c.)  A bright  yellowish-green 
elastic  fluid  passes  off,  which  is  rapidly  ab- 
sorbed by  water,  but  may  be  collected  in 
small  tubes  over  mercury. 

Stadion  obtained  peroxide  of  chlorine  by  fusing  into  a mass  one  part 
of  chlorate  of  potassa  in  a small  glass  retort,  and  when  cold,  pouring  upon 
it  three  parts  of  oil  of  vitriol,  and  heating  in  a water  bath.  3 ^KO,  CIO5] 
4-4  SO3  =2  [KO,  2 SO3]  + KO,  CIO7  + 2 [C104].  In  both  these 
cases,  but  especially  in  the  former,  an  explosion  frequently  ensues  on  mixing 
the  acid  with  the  chlorate,  against  which  the  operator  should  be  on  his 
guard. 


Cl. 

0. 

CIO. 

3G 

8 

44 
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The  color  of  tliis  gas  is  much  deeper  than  that  of  chlorine,  and  to  it 
j the  term  euchlorine  especially  applies;  its  odor  is  peculiar,  and  unmixed 
1 Avith  the  smell  of  free  chlorine.  Its  specific  gravity  compared  Avith  air, 
ij  is,  according  to  Davy,  as  2*360  to  1*000;  theoretically  2'338 ; compared 
Avith  hydrogen  it  is  as  34  to  J , 100  cubic  inches  therefore  should  Aveigh, 
;j  at  mean  temperature  and  pressure,  72*012  grains.  When  peroxide  of 
»i  chlorine  is  heated  to  a temperature  somcAvhat  beloAV  that  of  boiling  AA'ater, 
Ci  it  explodes  Avith  much  violence  and  the  evolution  of  a bright  light.  The 
:|  result  of  this  decomposition  is,  that  2 volumes  of  the  gas  are  expanded 
:j  into  3,  2 of  Avhich  are  oxygen,  and  1 chlorine ; the  relative  Aveights, 
j therefore,  of  its  elements,  are  32  of  oxygen  and  36  of  chlorine.  Two 
i volumes  detonated  Avith  5 of  hydrogen  produce  AA^ater  and  hydrochloric 
I acid:  C104  + 5 H = HCl  + 4 HO* 

: Its  saturated  aqueous  solution  (containing  about  7 volumes  of  the  gas 

j to  I of  Avater)  is  of  a deep  yellow  color,  an  astringent  and  corroding 
I taste,  and  Avhen  applied  to  the  tongue,  leaves  for  a long  time  a very  dis- 
agreeable sensation.  It  destroys  vegetable  colors.  It  is  absorbed 
according  to  Martens  [Ann.  Ch.  ei  Ph.,  Lxi.  293,)  by  alkaline  solutions, 
forming  Avith  them  a peculiar  class  of  bleaching  salts. 

Faraday  condensed  this  gas  by  inclosing  the  mixture  of  chlorate  of 
potassa  and  sulphuric  acid  in  a sealed  tube,  and  leaving  them  to  act  upon 
each  other  for  tAventy-four  hours.  In  that  time  there  had  been  much 
action;  the  mixture  Avas  of  a dark  reddish-broAvn,  and  the  atmosphere 
Avithin  of  a bright  yelloAV  color.  The  mixture  Avas  then  heated  up  to 
100°,  and  the  unoccupied  end  of  the  tube  cooled  to  0°:  by  degrees,  the 
mixture  lost  its  dark  color,  and  an  ethereal-looking  liquid  condensed.  It 
Avas  not  miscible  Avith  a small  portion  of  the  sulphuric  acid  Avhich  lay 
beneath  it;  but  Avhen  returned  on  to  the  mass  of  salt  and  acid,  it  Avas 
gradually  absorbed,  rendering  the  mixture  of  a much  deeper  color. 
“ The  peroxide  of  chlorine  thus  obtained  is  a very  fluid  transparent  sub- 
stance of  a deep  yelloAV  color.  A tube  containing  a portion  of  it  in  the 
clean  end  Avas  opened  at  the  opposite  extremity;  there  Avas  a rush  of 
euchlorine  vapor,  but  the  salt  plugged  up  the  aperture:  whilst  clearing 
this  aAvay,  the  Avhole  tube  burst  AAuth  a violent  explosion.”  (^Phil.  Trans. ^ 
1823,  p.  194.)  This  liquid  peroxide  of  chlorine  Avas  solidified  by  expo- 
sure to  the  cold  of  the  solid  carbonic  acid  and  ether  bath:  in  this  state  it 
resembled  in  appearance  bichromate  of  potassa:  it  AA^as  moderately  hard, 
brilliant,  and  transparent : it  melted  at  75°  beloAV  0°,  and  the  solid  por- 
tion Avas  heavier  than  the  liquid.  In  the  solid  state  it  gave  off  so  little 


* For  the  purpose  of  illustration,  in 
lectures,  this  gas  may  be  conveniently  ob- 
tained by  putting  a few  grains  of  chlorate  of 
potassa  into  the  bottom  of  a tall  narrow 
tube  or  jar  (half  an  inch  diameter  and  about 
twelve  high),  standing  upon  a foot,  and 
carefully  dropping  in  upon  the  salt,  so  as 
not  to  soil  the  sides  of  the  tube,  a little 
sulphuric  acid : the  peroxide  of  chlorine  is 
immediately  evolved  (provided  no  explosion 
ensues),  and  its  weight  causes  it  to  expel 
the  superincumbent  air  and  fill  the  tube, 
from  which,  with  a little  management,  it 


may  be  decanted  through  the  air,  into  a 
tall  glass  containing  copper-leaf,  upon  which 
it  exerts  no  action ; but  a hotwire  dipped 
into  the  gas,  causes  it  immediately  to  ex- 
plode, and  the  metal  then  burns  in  the 
mixed  oxygen  and  chlorine.  A little  jet  of 
nitric  oxide  thrown  in,  produces  the  same 
effect,  without  explosion.  The  first  action 
of  the  sulphuric  acid  upon  the  salt  is  much 
less  apt  to  cause  explosion  when  it  has  been 
previously  fused  and  broken  into  small  frag- 
ments, than  when  in  its  usual  crystals. 
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vapor  that  the  air  over  it  was  not  discolored,  so  that  the  pressure  of  its 
vapor  at  that  temperature  must  be  very  small.  “ Some  liours  afterwards, 
wishing  to  solidify  the  same  portion  of  euchlorine  which  was  then  in  a 
liquid  state,  I placed  the  tube  in  a hath  at  — 110°,  hut  could  not  succeed 
either  by  continuance  of  the  tube  in  the  bath,  or  opening  the  tube  to  allow 
the  full  pressure  of  the  atmosphere;  hut  when  the  liquid  euchlorine  was 
touched  by  a platinum  wire,  it  instantly  became  solid.  There  are  many 
similar  instances  among  ordinary  substances,  but  the  effect  in  this  case 
makes  me  hesitate  in  concluding  that  all  the  gases  which  as  yet  have 
refused  to  solidify  at  temperatures  as  low  as  166°  below  0°,  cannot  acquire 
the  solid  state  at  such  a temperature.”  (Faraday,  Phil.  Trans.., 
1845,  p.  167.) 

Sir  H.  Davy  found  that,  of  the  unraetallic  combustible  substances, 
phosphorus  was  the  only  one  which  spontaneously  decomposed  this  gas: 
the  phenomena  were  the  same  as  with  the  protoxide  of  chlorine.  He 
analysed  it  by  detonation  with  hydrogen  as  above  described.  He  says 
that  when  it  is  absorbed  by  solution  of  potassa,  chlorate  of  potassa  and 
chloride  of  potassium  are  the  results.  According  to  Davy  and  Gay 
Lussac,  this  gas  consists  of 


Volumes,  S.  G. 

Chlorine  1 ....  36  ....  529  ....  0*5  ....  1*23 

Oxygen 4 ....  32  ....  47'1  ....  1 ....  I'lO 


Peroxide  of  chlorine ....  1 68  100*0  1 2 33 

Chloric  Acid.  CIOs.  This  acid  was  discovered  by  Gay  Lussac 
{Ann.  de  Chim.,  xci.  108).  It  cannot  exist  independent  of  an  atom  of 
water,  or  of  some  base,  so  that  it  has  not  been  obtained  anhydrous ; the 
hydrated  acid  in  its  state  of  extreme  concentration,  being  HO  + CIOs, 
or  H + C106. 

Llydrated  chloric  acid  may  be  prepared,  (1.)  by  passing  a current  of 
chlorine  through  a mixture  of  oxide  of  silver  and  water.  Chloride  of 
silver  is  produced,  which  is  insoluble,  and  may  be  separated  by  filtration: 
the  excess  of  chlorine,  which  the  filtered  liquor  contains,  is  separable  by 
heat,  and  the  ■ chloric  acid  dissolved  in  water  remains.  (2.)  By  adding 
dilute  sulphuric  acid  to  a solution  of  chlorate  of  baryta,  as  long  as  it  occa- 
sions a precipitate.  The  baryta  is  thus  separated  in  the  form  of  an  inso- 
luble sulphate,  and  the  chloric  acid  remains  in  aqueous  solution.  Care 
must  be  taken  to  add  no  more  sulphuric  acid  than  is  requisite ; for  any 
excess  contaminates  the  chloric  acid.  If  the  exact  proportion  has 
been  used,  the  chloric  acid  is  neither  rendered  turbid  by  dilute  sul- 
phuric acid  nor  by  chlorate  of  baryta.  If  either  of  these  occasion  a pre- 
cipitate, they  must  be  carefully  added  till  the  effect  ceases;  the  clear 
liquid  may  then  be  decanted  or  filtered  off.  It  may  be  concentrated 
by  cautious  evaporation.  (Gay  Lussac.)  (.3.)  By  exposing  an  aqueous 
solution  of  oxide  of  chlorine  to  the  sun  s rays  till  colorless,  and  expelling 
the  chlorine  by  a gentle  heat.  (L.  Gmklin.)  (4.)  By  the  action  of  duo- 
silicic  acid  on  chlorate  of  potassa.  A hot  aqueous  solution  of  chlorate  of 
potassa  is  mixed  with  excess  of  fluosilicic  acid ; the  sour  liquid,  when 
cold,  is  filtered,  evaporated  below  80°,  and,  after  two  days,  filtered 
through  powdered  glass.  (I.  L.  AVheeler.  Serullas.) 

Hydrated  chloric  acid  is  a sour  liquid,  and  of  a yellowish  tint  when 
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higlily  concentrated.  It  forms  no  precipitate  in  any  metallic  solution. 
It  reddens  vegetable  blues,  and  then  bleaches  them.  When  added  to  a 
strong  solution  of  potassa,  crystals  of  chlorate  of  potassa  are  deposited. 
When  concentrated,  it  acts  powerfully,  and  even  to  ignition,  upon  paper, 
and  some  other  dry  organic  bodies;  it  decomposes  alcohol,  with  the  for- 
mation of  acetic  acid.  The  most  remarkable  of  its  salts,  which  are  now 
termed  chlorates^  were  formerly  known  under  the  name  of  oxymuriaies^ 
or  hyperoxymnriates.  When  distilled  at  a higher  heat  than  100°,  it 
suffers  decomposition,  and  a portion  of  chlorine  and  oxygen  are  liberated, 
perchloric  acid  passing  over,  but  no  chloric  acid.  It  is  decomposed  by 
hydrochloric  acid  into  chlorine  and  water;  5HC1 -{- Ci05  = 5H0 -f  6C1 : by 
excess  of  sulphurous  acid  into  sulphuric,  and  hydrochloric  acids;  6SO2 
-f-ClOs,  HO  = 6 SO3-I-HCI:  and  by  excess  of  sulphuretted  hydrogen  into 
water,  hydrochloric  acid,  and  sulphur;  6 IIS  -f-  C105  = 5 HO,  + HCl 
-f  t)  S.  Those  acids  which  are  already  saturated  with  oxygen  do  not  act 
upon  it.  Chloric  acid  consists  of 


Chenevix.  Gay  Lussac.  Volumes. 

Chlorine  1 ....  36  ....  47*4  ....  45  ....  46-8  ....  1 0 

Oxygen  5 ....  40  ....  52*6  ....  55  ....  53*2  ....  2*5 


Chloric  acid  . 1 76  100*0  100  100*0 

Chlorates.  These  salts  are  either  MO -4- C105  or  M -f  C106.  They 
deflagrate  powerfully  with  combustible  matter,  and  often  by  mere  friction. 
(See  Chlorate  of  Potassa.)  They  are  all  soluble  in  water.  By  heat  they 
are  mostly  resolved  into  chlorides  and  evolve  oxygen. 

Perchloric,  Oxyciiloric,  or  Hyperchloric  Acid,  CIO7,  or  as  hy- 
drate = HO,  CIO7,  or  H,  CIOs,  was  discovered  by  Count  Stadion  (^Ann. 
de  Ch.  et  Ph.,  viii.):  it  is  procured  in  its  state  of  hydrate,  (I,)  by  dis- 
tilling jyerchlorate  of  potassa  with  its  own  weight  of  sulphuric  acid, 
diluted  with  about  a fourth  part  of  water.  At  a temperature  of  about 
280°,  white  vapors  pass  off,  which  condense  in  the  form  of  a colorless 
liquid.  (2.)  By  boiling  perchlorate  of  potassa  with  excess  of  fluosilicic 
acid;  on  cooling  the  duly  evaporated  mixture,  glutinous  silicofluoride  of 
potassium  falls,  which  must  be  separated  by  filtering;  evaporate,  cool, 
filter  again,  evaporate  further,  and  lastly  distil.  (Serullas.)  (3.)  By  the 
mutual  decomposition  of  atomic  equivalents  of  perchlorate  of  baryta  and 
sulphuric  acid.  (O.  Henry.)  It  is  a very  stable  compound, not  decomposed 
by  sulphuric  or  hydrochloric  acid;  nor  by  alcohol  or  organic  bodies. 
When  concentrated,  its  specific  gravity  is  1*6,  and  it  boils  at  392°.  By 
distillation  with  strong  sulphuric  acid  it  may  be  obtained  in  the  solid  form 
and  crystallized;  in  this  state  it  hisses  when  thrown  into  water.  (Gay 
Lussac.  Serullas.  Mitscherlich.  Ann.  Ch.  et  Ph..,  viii.,  ix.,  xLvi., 
and  xLix.  See  also  Nativelle  on  the  preparation  of  this  acid.  Journ. 
der  Pharm.,  and  Ch.  Gaz.,  May,  1843.)  Anhydrous  perchloric  acid  has 
not  been  isolated:  it  consists  of 


Volumes. 

Chlorine  1 ....  36  ....  39  1 ....  1*0 

Oxygen  7 ...  56  ....  60*9  ....  35 


Perchloric  acid  . 1 92  100*0 

Perchlorates.  Oxychlorates.  These  salts  have  the  formula  ]\IO 
-f  CIO7,  or  M q-  CIOs.  Although  more  abundant  in  oxygen,  they  are 
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of  less  explosive  tendency,  and  less  easily  decomposed  by  heat  than  the 
chlorates,  like  which  they  are  resolved  either  into  chlorides  and  oxygen 
gas,  or  into  oxides,  oxygen,  and  chlorine:  they  are  all  soluble  in  water. 

§ III.  IODINE.  I.  126. 

Iodine  was  discovered  in  1812  by  M.  Courtois,  a chemical  manufac- 
turer at  Paris.  Vauquelin  (Ann.  de  Ch.^  xc.).  Gay  Lussac,  in  1813,  {Ibid. 
Lxxxviii.,  xc.,  and  xci.),  and  Davy  {Phil.  Trans.^  1614),  have  fully  exa- 
mined its  properties. 

Iodine  is  chiefly  prepared  at  Glasgow  from  /ceZp,  which  is  the  fused 
ash  obtained  by  burning  sea-weeds,  and  is  principally  manufactured  on 
the  west  coast  of  Ireland,  and  the  western  islands  of  Scotland.  The 
long  stems  of  the  Fucus  pahnatus  are  most  productive  of  iodine.  “ A 
high  temperature  in  the  preparation  of  kelp,  which  increases  the  propor- 
tion of  alkaline  carbonate,  diminishes  that  of  the  iodine,  owing  to  the 
volatility  of  the  iodide  of  sodium  at  a full  red  heat.  The  kelp  which 
contains  most  iodine  generally  also  contains  most  chloride  of  potassium, 
and  it  is  for  these  two  products  that  the  substance  is  now  valued,  more 
than  for  its  alkali.”  (Graham.)  Traces  of  iodine  have  also  been  disco- 
vered in  several  plants  growing  near  the  sea.  {Ch.  Gaz.^  Jan.  1843.) 
Traces  of  it  are  also  found  in  sea  w^ater,  in  sponge,  in  several  saline 
springs,  and  in  the  coarser  varieties  of  common  salt;  Vauquelin  detected 
it  in  some  silver  ores  from  Mexico  {Ann.  Ch.  et  Ph.^  xxix.);  and  Busta- 
raente,  in  a white  lead  ore  from  Mexico,  and  in  a species  of  Agave. 
{Ann.  Ch.  et  Ph..,  Lxxii.)  It  has  also  been  detected  in  cod  liver  oil,  and 
in  the  oil  of  the  liver  of  the  skate  {Ch.  Gaz..^  Mar.  and  Apr.,  1843);  in 
the  Nasturtiiwi  aqnaticimi.,  by  Muller  {Ann.  der  Pharm..^  July,  1843,)  and 
in  the  yellow  sap  of  the  lulus  fetidlssimus.,  by  Holl.  (See  L.  Gmelin, 
Handlmch.,  for  a detailed  enumeration  of  the  sources  of  iodine.) 

Iodine  may  be  procured  by  the  following  process:  Lixiviate  pow- 
dered kelp  with  cold  water.  Evaporate  the  lixivium  till  a pellicle  forms, 
and  set  aside  to  crystallize.  Evaporate  the  mother-liquor  to  dryness, 
and  pour  upon  the  mass  half  its  weight  of  sulphuric  acid.  Apply  a 

gentle  heat  to  this  mixture  in  the  flask  a of 
the  alembic  shown  in  the  annexed  figure,  of 
which  b is  the  head  or  capital,  having  a tube 
issuing  from  it,  and  descending  into  the 
receiver  c.  Fumes  of  a violet  color  arise, 
(hence  its  name,  from  IcoStjc;,  violaceus^ 
and  condense  in  the  form  of  opaque  crystals, 
having  a metallic  lustre;  these  are  to  be 
washed  out  of  the  head  of  the  alembic  with 
a small  quantity  of  water,  and  quickly  dried  on  bibulous  paper. 

Iodine  may  likewise  be  obtained  from  soap-makers’  black  ash  by  a 
similar  process : instead  of  evaporating  the  mother-liquor  to  dryness,  the 
quantity  of  iodine  is  sometimes  greater  when  it  is  merely  concentrated, 
mixed  Avith  excess  of  sulphuric  acid,  boiled,  and  filtered ; the  liquid  is 
then  mixed  Avith  its  Aveight  of  poAvdered  black  oxide  of  manganese,  and 
heated  in  an  alembic,  or  in  a flask  with  a Avide  tube  attached  to  its  neck, 
Avhen  the  iodine  sublimes  as  before. 
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According  to  Dr.  Ure,  iodine  may  be  abundantly  obtained  from  the 
brown  residuary  kelp-liquor  of  the  soap-boilers,  by  exposing  it  to  a heat 
of  about  230^,  saturating  it  with  sulphuric  acid  previously  diluted  with 
its  bulk  of  water,  and  pouring  the  liquor,  when  cold,  off  the  crystals 
which  are  deposited,  and  which  are  chiefly  sulphate  of  soda.  Filter 
this  liquor,  and  to  every  12  ounces  by  measure  add  1000  grains  of  black 
oxide  of  manganese  in  powder;  put  this  mixture  into  a large  matrass 
with  a wide  neck,  over  which  a glass  globe  is  inverted,  and  apply  heat 
with  a charcoal  chauffer.  The  less  diffusive  heat  of  a lamp  is  apt  to 
crack  the  bottom  of  the  matrass,  particularly  if  a large  quantity  of 
materials  be  employed.  To  prevent  the  heat  from  acting  on  the  glo- 
bular receiver,  a thin  disc  of  wood,  having  a round  hole  in  its  centre,  is 
placed  over  the  shoulder  of  the  matrass.  As  soon  as  the  upper  vessel 
becomes  warm,  another  is  to  be  put  in  its  place,  and  thus  the  two  may  be 
used  in  rotation  as  long  as  violet  fumes  arise.  The  process  as  conducted 
at  Glasgow  is  described  by  Professor  Graham  in  his  Elements  of  Che- 
mistry. Some  useful  directions  respecting  it  are  also  given  in  the  Philo- 
sophical Magasine^  lx. 

To  obtain  perfectly  pure  iodine,  Millon  recommends  passing  chlorine 
through  a solution  of  pure  iodide  of  potassium,  till  the  evolved  iodine  is 
redissolved,  and  then  pouring  the  solution  into  another  solution  of  iodide 
of  potassium  containing  at  least  three  times  as  much  of  the  iodide:  the 
iodine  is  precipitfited,  and  only  requires  to  be  washed  and  dried. 

The  iodine  of  commerce  may  be  sufhciently  purified  by  solution  in 
alcohol,  filtering,  and  precipitating  it  by  the  addition  of  water. 

Iodine  has  a grey  or  bluish-black  color;  its  lustre  is  metallic,  and  its 
fracture  when  in  a mass  is  greasy  and  lamellar.  It  is  a non-conductor 
of  electricity.  (Fused  iodine  conducts  the  current  of  60  to  90  pairs  of 
plates.  Knox,  Ph.  Mag..,  xvi.  188.)  It  is  not  changed  by  passing  through 
a red-hot  tube,  either  alone  or  over  charcoal.  It  is  soft  and  friable.  Its 
specific  gravity,  according  to  Gay  Lussac,  is  4-946.  Its  specific  heat 
==  0-05412.  (Regnault.)  It  produces  a yellow^  stain  upon  the  skin.  Its 
smell  somewhat  resembles  that  of  diluted  chlorine;  its  taste  is  acrid. 
It  is  extremely  volatile  when  moist,  and  in  that  state  produces  a pale 
violet  vapor  at  a temperature  of  between  60°  and  80°.  At  120°  or  130° 
it  rises  more  rapidly  in  vapor;  at  220°  it  fuses;  and  at  350°  it  boils  and 
produces  dense  violet-colored  fumes,  which  condense  in  brilliant  plates, 
and  acute  octoedrons.  100  cubical  inches  of  iodine  vapor  weigh  270’8036 
grains.  Its  specific  gravity,  therefore,  compared  with  air,  is  8-7356,  and 
with  hydrogen,  126.  The  experimental  density  of  iodine  vapor  is  8-7I6. 
(Dumas.)  Like  chlorine  and  oxygen,  it  is  evolved  from  its  combinations 
at  the  positive  electrode;  it  renders  vegetable  colors  yellow,  and  is  very 
sparingly  soluble  in  water,  that  liquid  not  holding  more  than  one  7000th 
its  weight  in  solution.  (Jacquelain,  in  his  essay  on  starch,  {Ann.  Ch.  et 
Ph..,  Lxxiii.,)  attributes  greater  solubility  to  iodine.)  The  color  of  this  solu- 
tion is  pale  brown;  it  gives  out  no  oxygen  by  exposure  to  sunshine,  nor 
does  it  bleach;  it,  however,  slowly  loses  its  own  color,  and  gives  rise  to 
the  formation  of  iodic  and  of  hydriodic  acid.  Iodine  is  much  more 
soluble  in  alcohol  and  in  ether,  forming  deep  brown  solutions. 

The  peculiar  appearance  of  the  vapor  of  iodine  is  in  many  cases  a 
sufficient  evidence  of  its  presence ; a more  delicate  test,  however,  was 
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discovered  by  Colin  and  Gaultier  de  Claubry,  in  its  remarkable  pro- 
perty of  forming  a deep  blue  compound  with  starch.  According  to 
Stromeyer,  a liquid,  containing  one  450,000th  its  weight  of  iodine, 
receives  a blue  tinge  when  a solution  of  starch  is  added  to  it.  To  ensure 
success,  the  iodine  must  be  in  a free  state,  and  the  solution  cold,  for  boil- 
ing water  destroys  the  color;  where  the  proportion  of  iodine  is  very 
minute,  a few  minutes  elapse  before  the  discoloration  ensues.  (Stromeyer, 
Gilbert’s  Annalen^  xix.  146.)  As  the  iodic  compounds  are  decomposed 
by  chlorine,  it  may  often  be  conveniently  used  as  a test  of  iodine.  Thus, 
when  a very  minute  quantity  of  iodide  of  sodium  or  potassium  is  present 
in  a solution,  the  addition  of  chlorine  discolors  it,  and  if  a little  solution 
of  starch  be  then  added,  the  iodine  is  detected  by  the  blue  color.  Or  any 
compound  containing  common  salt  and  an  alkaline  iodide,  mixed  with  a 
solution  of  starch,  and  exposed  to  voltaic  action,  yields  a blue  color  at 
the  positive  electrode.  The  equivalent  of  iodine  may  be  assumed  as 
= 126  (126*3,  Turner;  126*57,  Graham;  125,  Gay  Lussac.) 

The  principal  use  as  yet  made  of  iodine  and  its  compounds,  is  in 
medicine ; it  powerfully  promotes  the  action  of  the  absorbents,  and  is 
chiefly  used  in  glandular  diseases,  and  as  an  alterative.  In  over-doses  it 
is  an  irritant  poison.  The  rich  color  of  some  of  its  metallic  combina- 
tions has  also  led  to  its  employment  in  the  art  of  calico-printing. 

Iodine  is  occasionally  adulterated  by  plumbago,  sulphuret  of  anti- 
mony, or  peroxide  of  manganese,  but  these  additions  are  easily  detected 
by  their  insolubility  in  alcohol.  The  relative  quantity  of  moisture  in 
iodine  may  be  ascertained  by  heating  it  in  a tube,  with  twice  its  weight 
of  fused  chloride  of  calcium,  at  a temperature  not  exceeding  the  boiling- 
point  of  the  iodine ; the  iodine  may  be  expelled  by  a current  of  air,  and 
the  increase  of  weight  sustained  by  the  chloride  gives  the  quantity  of 
water. 

Iodine  and  Oxygen.  There  appear  to  be  four  definite  compounds 
of  iodine  with  oxygen ; namely,  an  oxide,  and  three  acids;  but  of  these, 
the  iodic  and  periodic  acids  only  have  been  duly  examined. 

Oxide  of  Iodine  was  discovered  by  Sementini,  in  attempting  the 
direct  combination  of  iodine  and  oxygen : a portion  of  it,  he  says,  is 
formed  when  iodine  is  repeatedly  heated  in  atmospheric  air,  but  it  is  most 
rapidly  produced  by  presenting  iodine  and  oxygen  to  each  other  at  a 
high  temperature.  For  this  purpose,  a bladder  of  oxygen  is  affixed  to 
one  end  of  a copper  tube,  so  placed  as  to  be  heated  red-hot  by  lamps  or 
a small  charcoal  fire;  the  other  end  of  the  tube  terminates  in  the  bulb 
of  a tubulated  retort  containing  iodine,  which  is  also  to  be  heated  by  a 
lamp:  the  oxygen  is  then  propelled  through  the  hot  tube  into  the 
vapor  and  upon  the  hot  iodine,  and  a yellow  and  very  thick  oleaginous 
liquid  distils  over,  of  an  acrid  disgusting  taste  and  odor,  which  is  the 
compound  in  question.  It  slowly  volatilizes  in  the  air,  and  is  very 
soluble  in  water  and  alcohol,  producing  amber-colored  solutions.  Phos- 
phorus and  potassium  are  inflamed  by  it.  It  changes  the  blue  of  litmus 
to  green.  If  an  alkali  be  poured  into  its  solution,  it  is  rendered 
colorless.  Its  composition  is  not  correctly  known. 

loDous  Acid.  If  excess  of  oxygen,  and  a considerable  degree  of  heat, 
be  employed  in  the  preceding  experiment,  the  product  is  partly  lodous 
acid.  This  acid  is  best  obtained  by  introducing  a mixture  of  one  part  of 
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I iodine  and  three  of  chlorate  of  potassa  into  a retort,  and  rapidly  applying 
f heat:  a dense  fluid  distils  over,  which  should  he  collected  in  a receiver 
I cooled  by  a freezing-mixture.  It  has  a pungent  taste  and  peculiarly 
disagreeable  odor:  its  specific  gravity  exceeds  that  of  water.  It  reddens 
litmus,  and  forms  a yellow  solution  when  diluted  with  water;  it  slowly 
evaporates  when  exposed  to  air,  and  rapidly  volatilizes  at  112'^.  It  is 
decomposed  by  sulphur,  disengaging  a little  heat,  and  liberating  violet 
vapors  ; sulphurous  acid  also  decomposes  it.  Phosphorus  and  potassium 
are  instantly  inflamed  by  it.  It  is  without  action  on  carbon.  It  dissolves 
iodine.  Neither  its  composition,  nor  that  of  the  oxide,  have  been  accu- 
rately determined.  {Quarterly  Journal^  xvii.  381  : Ibid.  Hew  Series.,  i. 
477-)  It  appears  probable,  from  the  experiments  of  Wohler,  that  the 
compound  obtained  when  chlorate  of  potassa  is  used,  contains  chlorine. 
By  the  spontaneous  evaporation  of  a solution  of  iodine  in  a dilute  solu- 
tion of  soda,  Mitscherlich  obtained  prismatic  crystals,  which  by  the  action 
of  hot  water  were  converted  into  iodate  of  soda  and  iodide  of  sodium: 
he  considers  them  as  an  iodite  of  soda.  {Ann.  Ch.  et  Ph.^  xxxvii.  84.) 
According  to  Millon  {Ann.  Ch.  et  Ph..,  November,  1844,)  a yellow  com- 
pound r=  104,  which  he  calls  hypoiodie  aeid.,  is  one  of  the  results  of 
the  action  of  nitric  acid  on  iodine  : it  is  also  obtained  by  the  action  of 
sulphuric  on  iodic  acid. 

Iodic  Acid.  10.5.  (Davy,  Phil.  Trans..,  1815.)  This  compound 
cannot  be  obtained  by  the  direct  action  of  oxygen  on  iodine  : it  is 
formed,  (1)  by  acting  upon  peroxide  of  chlorine  by  iodine:  for  this 
purpose  the  iodine  may  be  introduced  into  a small  flask,  and  the  peroxide 
of  chlorine  disengaged  upon  it  from  a proper  mixture  of  chlorate  of 
potassa  and  sulphuric  acid,  with  the  precautions  above  pointed  out : or 
100  grains  of  chlorate  of  potassa  may  be  introduced  into  a small  retort, 
with  400  grains  of  hydrochloric  acid,  of  the  specific  gravity  1T05  : annex 
to  the  retort  a small  globular  receiver,  having  a bent  tube  issuing  from 
it,  and  passing  to  the  bottom  of  a small  flask  containing  about  50  grains 
of  iodine  ; carefully  apply  the  heat  of  a lamp  to  the  retort,  by  which 
oxide  of  chlorine  will  be  disengaged,  which  will  be  decomposed  and 
absorbed  by  the  iodine.  A compound  is  thus  formed,  which  consists  of 
chloride  of  iodine  and  iodic  acid.  The  former  is  separable  by  a gentle 
heat;  the  latter  remains  as  a white,  deliquescent,  semitransparent,  sour, 
and  inodorous  body,  very  soluble  in  water,  and  of  a specific  gravity 
exceeding  2.  (2)  Iodic  acid  may  also  be  precipitated  by  slowly  adding 

excess  of  ether,  or  of  alcohol,  to  the  strong  aqueous  solution  of  the 
perchloride  of  iodine.  (3)  This  acid  is  also  formed  by  boiling  iodine 
for  several  hours  with  about  five  times  its  weight  of  strong  nitric  acid. 
The  mixture  should  be  introduced  into  a tube  closed  at  one  end,  and 
the  iodine,  as  it  sublimes  to  the  upper  part,  constantly  returned  into  the 
acid,  till  it  disappear : on  carefully  driving  off  the  nitric  acid  by  heat,  the 
iodic  acid  remains.  (Connell.)  (4)  Iodic  acid  is  also  obtained  by  the 
decomposition  of  iodate  of  soda  (whicli  see)  by  sulphuric  acid,  (Serullas, 
A7in.  Ch.  et  Ph.,  xLiii.  216)  ; (5)  and  by  the  decomposition  of  iodate 
of  baryta  by  dilute  sulphuric  acid  (see  Iodate  of  Baryta^  (6)  Millon 
gives  the  following  as  the  best  process  for  preparing  iodic  acid 
{Ann.  Ch.  et  Ph.,  Deer.,  1843):— 80  parts  of  pure  iodine,  75  of 
chlorate  of  potassa,  1 of  nitric  acid,  and  400  of  water  are  mixed  in  a 
Yol.  I.  U 
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glass  balloon  or  flask  of  sufficient  capacity,  and  raised  to  the  boiling 
point,  the  heat  being  removed  as  soon  as  chlorine  begins  to  be  abun- 
dantly disengaged.  When  the  iodine  has  disappeared,  90  parts  of 
nitrate  of  baryta  (or  its  equivalent  of  chloride  of  barium)  are  dissolved 
in  water,  and  added  to  the  mixture  in  the  flask : the  precipitated  iodate 
of  baryta  is  then  washed  two  or  three  times  by  decantation,  and  boiled 
for  half  an  hour  with  40  parts  of  sulphuric  acid  diluted  with  150  of 
water;  the  liquor  is  then  filtered  off  and  evaporated,  when  crystals  of 
iodic  acid  are  obtained  on  cooling ; to  render  these  perfectly  pure,  they 
must  be  re-dissolved  and  boiled  with  a little  iodate  of  baryta;  the 
solution  filtered,  evaporated  to  dryness,  and  the  dry  iodic  acid  heated  so 
as  to  expel  any  traces  of  nitric  (or  hydrochloric)  acid ; it  may  then  be 
re-dissolved  and  crystallized,  but  the  crystals  now  are  smaller  and  less 
distinct  than  when  formed  in  water  acidulated  by  a mineral  acid. 

The  aqueous  solution  of  iodic  acid  first  reddens  and  then  destroys 
vegetable  colors;  concentrated  by  evaporation,  it  affords  a pasty  mass, 
which  is  hydrated  iodic  acid^  lOs,  HO,  and  which  may  be  crystallised 
in  hexagonal  lamina,  from  which  the  water  may  be  driven  off  by  the 
careful  application  of  a higher  temperature ; at  about  500°  it  fuses,  and 
is  decomposed  into  oxygen  and  iodine.  There  is  also,  according  to 
Millon,  a hydrate  ==  3105,  HO,  which  is  nearly  insoluble  in  alcohol, 
whereas  the  anhydrous  and  the  common  hydrated  acid  are  soluble  in 
about  two  parts  of  alcohol.  Iodic  acid  acts  powerfully  upon  the  metals, 
and  with  the  oxides  forms  a class  of  salts  called  iodates.  Nitric,  sul- 
phuric, phosphoric,  and  boracic  acids,  when  dropped  into  a hot  saturated 
solution  of  iodic  acid,  form  crystals  of  a yellowish  color,  composed  of 
the  two  acids.  Iodic  acid  is  decomposed  by  hydrochloric  and  by  oxalic 
acid.  When  it  is  mixed  with  charcoal,  sulphur,  and  some  other  com- 
bustibles, it  forms  compounds  which  deflagrate  when  heated  : its  com- 
pounds also  deflagrate,  like  the  chlorates,  when  thrown  upon  red-hot 
charcoal.  The  solution  of  iodic  acid  is  decomposed  by  several  organic 
substances,  as  by  morphia,  narcotin,  and  pyrogallic  acid;  and  by  saliva, 
in  consequence  of  the  sulphocyanide  there  present.  Iodic  acid  is  com- 
posed, according  to  Gay  Lussac,  of 


Iodine 1 ....  120  ....  75*9 

Oxygen  5 ....  40  ....  24-1 

Iodic  acid  1 160  ....  100* 


Iodates.  These  salts  are  represented  by  the  general  formula  MO  -f 
105,  or  M -p  lOo.  By  heat  they  either  become  iodides,  losing  6 atoms  of 
oxygen,  or  they  lose  iodine  and  5 atoms  of  oxygen,  leaving  a metallic 
oxide.  Their  deflagration  with  combustibles  is  less  powerful  than  that 
of  the  chlorates:  they  are  mostly  difficultly  soluble.  (0.  Rammelsberg. 
Poggend.  xLiv.  525.  Millon;  Ann.  Ch.  et  Ph.  ix.  407.) 

OxioDic  Acid.  Periodic  Acid.  IO7.  (1)  When  a solution  of  iodate 
of  soda,  mixed  with  pure  soda,  is  saturated  by  chlorine,  and  concen- 
trated by  evaporation,  a sparingly  soluble  white  salt  is  obtained,  which 
is  a periodate  of  soda:  when  it  is  dissolved  in  dilute  nitric  acid,  and  mixed 
with  nitrate  of  silver,  a yellow  precipitate  falls,  Avhich,  dissolved  in  hot 
nitric  acid  and  evaporated,  yields  orange-colored  crystals  of  periodate  of 
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silver.  These  crystals  are  decomposed  by  cold  water,  a yellow  insoluble 
subperiodate  of  silver  falls,  and  an  aqueous  solution  of  pure  periodic  acid 
is  formed,  which  yields  crystals  of  the  hydrated  periodic  acid.^  IIO  + IO7, 
or  H + 108,  by  evaporation,  and  which,  at  a temperature  above  212°,  are 
resolved  into  oxygen  and  iodic  acid.  (2)  Periodate  of  soda  is  dissolved  in 
the  smallest  possible  quantity  of  warm  dilute  nitric  acid  and  a solution 
of  nitrate  of  lead  added,  so  as  to  precipitate  periodate  of  lead,  which 
may  be  decomposed  by  digestion  with  sulphuric  acid  not  added  in 
excess : the  resulting  solution  of  periodic  acid  should  be  decanted  off  the 
insoluble  residue,  and  evaporated  so  as  to  yield  crystals.  (Benckiser. 
Ann.Pharm.  xvii.  214:  Ammermuller  and  Magnus:  Poggend.  xxviii. 
514.)  The  periodic  acid  consists  of 


Iodine 1 ....  126  ....  69 

Oxygen  7 66  ....  31 

Periodic  acid  1 ....  182  ....  100 


Periodates.  The  salts  of  the  periodic  acid  are  represented  by  the 
formula  MO+IO7  or  M -1-108;  at  a red  heat  they  are  decomposed 
with  the  same  phenomena  as  the  iodates : they  are  mostly  of  difficult 
solubility. 

Iodine  and  Chlorine.  Protochloride  op  Iodine.  I Cl.  When 
chlorine  is  conducted  into  a vessel  containing  iodine,  it  is  quickly  ab- 
sorbed, and  a compound  obtained,  which  is  brown  when  the  iodine  is  in 
excess,  colorless  Avhen  exactly  saturated,  and  yellow  if  there  be  excess  of 
chlorine.  Of  these  compounds  the  first  appears  to  be  a protochloride  : 
it  is  a red-brown  liquid,  having  the  mixed  odor  of  chlorine  and  iodine, 
irritating  the  eyes,  and  sour,  astringent,  and  pungent  to  taste;  it  is 
hygrometric,  tinges  the  cuticle  dark  yellow,  bleaches  indigo  and  litmus, 
and  does  not  blue  starch.  When  gently  heated,  perchloride  is  evolved, 
and  iodine  remains : aqueous  sulphurous  acid  and  sulphuretted  hydrogen 
separate  iodine.  With  solutions  of  potassa  and  soda  it  yields  chlorides, 
iodates,  and  free  iodine,  which  excess  of  the  alkali  converts  into  iodide 
and  iodate.  6 KO  5 ICl  — 5 KCl  KO,  105  -|-  4 I.  With  ammonia 
sal  ammoniac  is  formed,  and  iodide  of  nitrogen  precipitated.  3ICl-j- 
4 NH3==3  []NH4,  Cl]]-fNl3.  The  aqueous  solution  of  protiodide  of 
chlorine  is  obtained  by  passing  a small  quantity  of  chlorine  into  water 
holding  excess  of  iodine ; when  shaken  with  ether  the  chloride  is 
abstracted,  and  may  be  obtained  by  the  evaporation  of  the  ether. 
According  to  the  experiments  of  Kane  (Phil.  Mag.^  x.  430,)  this  chloride 


consists  of 

Kane. 

Iodine  1 . 126  ....  • 76*94 

Chlorine  1 . . 36  . . 22*3  ....  23-06 


Protocliloride  of  Iodine  . 1 . 162  . . 100*0  ....  lOO'OO 

Perchloride  of  Iodine,  ICl 3,  is  obtained  by  passing  dry  chlorine 
in  great  excess  over  dry  iodine  gently  heated ; it  is  yellow,  and  after 
fusion  forms  acicular  crystals.  In  its  action  upon  other  bodies  it  closely 
resembles  the  protochloride.  It  fuses  between  ^0°  and  80°,  evolving 
chlorine,  which  it  again  absorbs  on  cooling.  Ether  does  not  abstract  it 
from  its  aqueous  solution.  With  solution  of  potas.sa  perchloride  of  iodine 
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yields  chloride  and  iodate,  and  iodine  is  separated,  provided  tlierebe  not 
excess  of  alkali.  5 I Cl  3 + 18  KO  — 15  KCl  + 3 [KO,  lOs]  +2  1. 
(Liebig.)  Perchloride  of  iodine  istlirovvn  down  from  its  ac[ueous  solutii'ii 
sulphuric  acid,  wliich  if  added  gradually  in  a cooled  vessel,  yields 
first  a white  caseous  and  then  yellow  precipitate,  soluble  on  heating  the 
mixture,  but  again  separating  on  cooling. 


Kane. 

Iodine t 12G  ....  53*84  ....  54*34 

( hlorine  3 ....  108  . ..  4G*16  ....  45*GG 


Perchloride  of  Iodine 1 . ..  234  100  00  100  00 


§ IV.  BROMINE.  Br.  78. 

Bromine  was  discovered  in  1826  by  M.  Balard,  of  Montpelier.  It 
was  originally  obtained  from  the  uncrystallizable  residue  of  sea-water 
commonly  called  bittern:  a current  of  chlorine  passed  through  this 
liquid  gives  it  an  orange  tint,  in  consequence  of  the  evolution  of  bromine 
from  its  combinations : a portion  of  sulphuric  ether  is  then  shaken  up  with 
it,  which,  as  it  separates  upon  the  surface,  is  found  to  have  abstracted  the 
bromine,  and  acquired  a reddish-brown  tint.  The  ethereal  solution  is  agi- 
tated with  a strong  solution  of  potassa,  by  which  a solution  of  bromate  of 
potassa  and  bromide  of  potassium  is  formed  : the  ether,  floating  upon  the 
surface,  may  be  separated  and  used  again ; the  denser  liquid  is  then 
evaporated  to  dryness,  and  the  residue  exposed  to  a dull-red  heat  leaves 
bromide  of  potassium.  This  is  mixed  with  half  its  weight  of  binoxide  of 
manganese,  and  its  weight  of  sulphuric  acid  previously  diluted  with  half 
its  weight  of  water,  and  the  mixture  distilled  into  a cold  receiver  con- 
taining water,  and  into  which  the  beak  of  the  retort  or  condenser  dips. 
The  deep  orange-colored  vapor  of  bromine  condenses,  and  the  liquid 
bromine,  separated  from  the  water,  is  afterwards  dehydrated,  if  neces- 
sary, by  distilling  it  off  chloride  of  calcium.  Should  the  fluid  from 
which  the  bromine  is  to  be  obtained  contain  iodine,  it  must  be  separated 
in  the  form  of  iodide  of  copper  by  the  addition  of  a solution  of  sulphate 
of  copper.  (Balard.) 

Bromine  probably  exists  in  sea-water  in  the  state  of  bromide  of  mag- 
nesium, but  its  relative  proportion  is  exceedingly  minute.  One  hundred 
pounds  of  sea- water,  at  Trieste,  afforded  only  5 grains  of  bromide  of 
sodium  — 3'3  grains  of  bromine:  it  is  there  unaccompanied  by  iodine;  and 
the  same  is  the  case,  according  to  Ilermbstadt,  in  the  waters  of  the  Dead 
Sea.  In  the  Mediterranean,  on  the  contrary,  iodine  accompanies  it. 

The  presence  of  bromine  is  recognized  by  evaporating  the  water,  so  as 
to  separate  its  more  ordinary  crystallizable  contents,  reducing  the  re- 
mainder to  a small  bulk,  and  dropping  in  a concentrated  solution  of 
chlorine ; in  the  absence  of  iodine,  which  may  be  detected  by  starch,  the 
appearance  of  a yellow  tint  announces  bromine.  It  has  thus  been  dis- 
covered in  certain  salt  springs,  in  the  ashes  of  marine  plants,  and  in 
those  of  some  marine  animals.  Among  the  saline  springs  most  abundant 
in  bromine  are  those  of Theodorshal,  near Kreutznach  in  Germany;  these 
are  now  the  chief  source  of  bromine  as  an  article  of  commerce. 

At  common  temperatures  and  pressures  bromine  is  a deep  reddish- 
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brown  liquid,  of  a strong  disagreeable  odor,  something  resembling  that  of 
oxide  of  chlorine,  whence  its  name  (from  ppayfjbos,  graveolentia);  its  specific 
gravity  is  about  3 (2 '96  to  2*99).  It  emits  a brownish-red  vapor  at  common 
temperatures,  and  it  is  said  that  when  this  vapor  is  diffused  through  air, 
it  is  upon  the  whole  less  annoying  than  chlorine.  It  boils  at  116°.  At  a 
temperature  somewhat  below  0°  it  congeals  into  a brittle  solid.  It  is  a 
non-conductor  of  electricity,  and  appears  in  the  Voltaic  circuit  at  the 
positive  electrode.  It  suffers  no  change  by  transmission  through  red-hot 
tubes.  It  dissolves  sparingly  in  water  (1  part  in  23,  Lowig),  forming  a 
brown  solution  of  an  austere,  but  not  sour  taste,  from  which  the  bromine 
escapes  by  exposure,  and  rapidly  by  boiling : when  long  kept,  especially 
if  exposed  to  light,  it  becomes  sour  from  the  formation  of  hydrobromic 
acid.  It  forms,  under  certain  circumstances,  a definite  hydrate^  which, 
according  to  Lowig  {Poggeiidorf’ s Annalen^  xiv.  114)  is  obtained  by 
exposing  bromine  with  a small  quantity  of  water  to  a temperature  of  32°; 
red  octohedral  crystals  of  the  hydraie  of  hromine  are  then  deposited, 
which  continue  permanent  at  the  temperature  of  50°,  and  contain  10 
equivalents  of  water.  At  a higher  temperature  they  decompose  into 
liquid  bromine  and  aqueous  solution  of  it.  The  hydrate  is  also  ob- 
tained by  passing  the  vapor  of  bromine  through  a moistened  tube  cooled 
nearly  to  the  freezing-point.  Bromine  dissolves  in  alcohol,  and  more 
abundantly  in  ether.  It  destroys  vegetable  colors.  It  communicates 
an  orange  tint  to  solution  of  starch.  When  a burning  taper  is  immersed 
into  its  vapor  it  is  speedily  extinguished,  the  flame  previously  assuming  a 
green  and  red  tint.  Phosphorus  spontaneously  inflames  in  its  vapor ; 
tin  and  antimony  also  burn  in  it ; it  combines  with  potassium  with 
explosive  violence.  Its  action  on  alkaline  solutions  is  analogous  to  that 
of  chlorine  and  iodine.  It  stains  the  skin  of  a yellow  color;  acts  with 
energy  upon  most  vegetable  and  animal  substances,  and  is  fatal  to  animal 
life ; a single  drop  placed  upon  the  beak  of  a bird  immediately  kills 
it.  The  specific  gravity  of  bromine  vapor  has  not  been  correctly  deter- 
mined, but  its  equivalent  number  appears,  from  Berzelius’  analysis  of 
bromide  of  silver,  to  be  about  78,  which  ought  also  to  express  the  specific 
gravity  of  its  vapor  compared  with  hydrogen.  The  density  of  this  vapor 
compared  with  air  will,  therefore,  be  about  5*4,  and  100  cubical  inches 
will  weigh  about  167  grains.  According  to  Dr.  Thomson,  the  den- 
sity of  bromine  vapor  theoretically  deduced  is  5*555.  The  alcoholic 
solution  of  bromine,  and  the  bromide  of  sodium,  are  occasionally  used  in 
medicine : and  from  its  powerful  action,  there  can  be  no  doubt  that  it 
must  contribute  to  the  medicinal  powers  of  the  mineral  waters  in  which 
it  exists. 

Bromous  Acid.  BrO.  The  existence  of  this  compound  has  been 
rendered  probable  by  the  experiments  of  Gay  Lussac  (A?i7i.  Ch.  elVk.^ 
V.  304,  3 Ser.),  who  states  that  he  obtained  a gaseous  bromous  acid 
by  a process  similar  to  that  by  which  he  obtained  chlorous  acid. 

Bromic  Acid.  BrOs.  Bromic  acid  is  obtained  by  the  decomposition 
of  a solution  of  hromale  of  baryta  by  sulphuric  acid  : sulphate  of  baryta 
is  precipitated,  and  a solution  of  bromic  acid  obtained,  which  may  be 
concentrated  by  slow  evaporation;  at  a high  temperature  it  is  partly 
decomposed,  and  cannot  be  obtained  anhydrous.  It  is  colorless,  sour, 
inodorous,  and  first  reddens,  and  then  destroys  the  blue  of  litmus.  It  is 
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partially  decomposed  by  concentrated  sulphuric  acid,  but  not  by  nitric 
acid.  It  is  decomposed  by  sulphurous  acid,  by  sulphuretted  hydrogen, 
and  by  hydriodic  and  hydrochloric  acids.  From  the  analysis  of  bromate 
of  potassa  there  can  be  no  doubt  that  the  bromic  acid  is  analogous  in 
composition  to  the  chloric  and  iodic  acids,  and  that  it  consists  of 


Balard. 

Bromine 1 . . 78  ....  66’1  ....  64’69 

Oxygen  5 ....  40  .,  33*9  . 35*31 


Bromic  acid  . 1 118  100  0 100*00 


Bromates.  These  salts  are  represented  by  MO  -1-  BrOs,  or  M + Bi  OO: 
they  are  resolved  at  a red  heat  either  into  bromides  and  6 atoms  of 
oxygen,  or  into  5 atoms  of  oxygen  and  1 of  bromine,  a metallic  oxide 
being  left:  they  deflagrate  with  combustibles  like  the  chlorates.  Tlie 
formation  of  perbroynic  acid^  Br07,  has  not  been  accomplished. 

Chloride  of  Bromine.  By  passing  chlorine  through  bromine,  and 
condensing  the  resulting  vapors  at  a low  temperature,  a reddish-yellow 
fluid  is  obtained,  having  a penetrating  odor  and  disagreeable  taste.  It  is 
very  fluid  and  volatile,  emitting  yellow  vapor;  it  dissolves  in  water,  and 
the  solution  destroys  vegetable  colors : it  would  appear,  therefore,  not  to 
decompose  water.  When  this  aqueous  solution  is  cooled,  crystals  of 
hydrated  chloride  are  deposited ; and  when  exposed  to  sunshine,  it  yields 
hydrochloric  and  bromic  acids.  (Lbwio.)  Chlorine,  as  already  stated, 
decomposes  most  of  the  compounds  of  bromine,  and  hence  is  useful  as  a 
test  of  its  presence.  When,  for  instance,  aqueous  chlorine  is  dropped  into 
a weak  solution  of  bromide  of  potassium,  or  of  sodium,  the  evolution  of 
bromine  is  manifested  by  the  deep  yellow  color  that  is  produced,  and  by 
the  odor  of  the  vapor  of  bromine. 

Iodide  op  Bromine.  Iodine  and  bromine  probably  combine  in  two 
proportions,  but  the  compounds  have  not  been  analyzed.  In  certain 
proportions  (probably  one  atom  of  iodine  and  one  of  bromine)  a solid 
body  is  obtained,  which  yields  reddish-brown  vapors  when  heated,  and 
these  readily  condense  into  arborescent  crystals.  A further  addition  of 
bromine  dissolves  these,  forming  a dark-colored  liquid,  soluble  in  water, 
possessed  of  bleaching  qualities,  and  yielding  bromides  and  iodides  with 
the  alkalis. 

Chlorine,  iodine,  and  bromine,  are  occasionally  so  associated  as  to 
require  separation  in  analyses.  To  ascertain  the  quantity  of  iodine  in  the 
mixed  chlorides  and  iodides  of  mineral  waters,  Rose  recommends  preci- 
pitation by  nitrate  of  silver;  the  mixed  chloride  and  iodide  of  silver  thus 
thrown  down  is  fused,  weighed,  and  afterwards  heated  in  a tube  and  a 
stream  of  chlorine  passed  over  it ; the  iodine  is  thus  expelled,  and  the 
whole  converted  into  chloride  of  silver ; this  is  weighed  again,  and  a loss 
is  found  to  have  taken  place  in  consequence  of  the  equivalent  of  the 
expelled  iodine  being  greater  than  that  of  the  expelling  chlorine ; this 
loss,  multiplied,  by  1*389,  gives  the  quantity  of  iodine  originally  present, 
and  which  has  been  replaced  by  the  chlorine.  Schweitzer  recommends 
the  adoption  of  a similar  method  for  estimating  the  quantity  of  iodine 
when  mixed  with  bromine;  in  this  case  the  mixed  iodide  and  bromide  of 
silver  is  to  be  heated  in  an  atmosphere  of  bromine  vapor,  by  which  the 
iodine  is  expelled.  But  the  accurate  determination  of  the  relative  quan- 
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titles  of  chlorine,  bromine,  and  iodine,  in  cases  where  tlieir  comhinations 
are  blended,  is  a problem  of  much  difficulty. 

§ y.  FLUORINE.  F.  19. 

Tins  substance  has  not  hitherto  been  isolated,  for  its  powers  of  com- 
bination are  such,  that  nobody  has  been  found  capable  of  resisting  its 
action.  The  evidence  of  its  existence  as  a distinct  electro-negative 
element,  will  be  more  clearly  understood  by  reference  to  the  account  of 
its  compound  with  hydrogen  (see  Hydrojiuoric  Acid)^  and  to  the  ex- 
periments of  Sir  H.  Davy  {Phil.  Trans..,  1813,  p.  263,  and  1814).  Its 
equivalent  number  is  probably  about  19  (18’75,  Berzelius).  It  is  found 
as  a component  of  a few  mineral  substances  only;  one  of  these,  how- 
ever, commonly  called  JZwor-vpRr,  is  very  abundant;  it  is  a compound  of 
fluorine  and  calcium,  or  a Jiuoride  of  calcium.  Fluorine  has  also  been 
detected  in  some  varieties  of  bone  and  in  the  enamel  of  teeth.  No  com- 
pound of  fluorine  with  oxygen,  or  chlorine,  has  yet  been  satisfactorily 
shown  to  exist^.  According  to  Dr.  Leeson  {Mem.  Ch.  Soc.)  Jiuoride  of 
iodine  may  be  obtained  by  passing  the  gas  generated  from  1 part  of 
peroxide  of  manganese,  3 of  pure  fluor  spar,  and  6 of  concentrated 
sulphuric  acid,  mixed  in  a leaden  vessel,  through  water  in  which  iodine 
is  diffused : crystalline  scales  resembling  iodide  of  lead  are  deposited. 
Fluoride  of  bromine  similarly  obtained  does  not  crystallize. 


It  may  be  remarked  of  the  bodies  which  have  been  above  described, 
that  although  they  do  combine  with  each  other,  they  are  not  possessed 
of  powerful  mutual  affinities ; and,  consequently,  their  compounds  are, 
with  few  exceptions,  either  unstable  or  easily  decomposed ; this  is  what 
might  be  expected  as  a consequence  of  their  analogous  electrical  relations; 
for  they  are  all  apparently  evolved  at  the  anode  in  voltaic  arrangements. 
Yet,  in  respect  to  each  other,  it  has  been  supposed  that  they  may  exhibit 
opposite,  though  feeble  electrical  energies,  and  that  such  compounds,  in 
voltaic  decomposition,  may  thus  present  one  of  their  elements  at  the 
negative  electrode ; a mixed  solution,  for  instance,  of  bromine  and  iodine, 
when  electrically  decomposed,  is  stated  to  evolve  bromine  at  the  positive, 
and  iodine  at  the  negative  surface,  and  it  has  hence  been  concluded, 
that  iodine  is  electro-positive  in  respect  to  bromine ; but  the  possible 
influence  of  secondary  electro-chemical  action,  in  these  cases,  has  not  been 
taken  into  the  account,  and  the  statements  are  quite  at  variance  with  the 
well-established  laws  of  electro-chemical  decomposition.  The  compounds 
of  the  bodies  above  described  with  hydrogen  and  with  the  metals,  when 
subjected  to  electrical  decomposition,  give  up  the  inflammable  body  at 
the  negative  pole,  or  cathode,  while  the  supporter  of  combustion  appears 
at  the  positive  pole,  or  anode. 


* Baudrimont  {Journ.  de  Chim.  Med., 
xii.,  374,)  and  the  Messrs.  Knox,  have  each 
published  experiments  by  which  they  state 
that  fluorine  maybe  isolated.  {Phil.  May., 
.3rd  Series,  vol.  ix.  x.  and  xii.)  ‘Bkitmore 


than  one  skilful  chemist  of  name  has  been 
less  fortunate  in  obtaining  indications  so 
decisive,  of  the  isolation  of  fluorine.” 
(Graham.) 
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Hydrogen  was  first  duly  examined  in  a pure  state  by  Mr.  Cavendish, 
in  1766.  (Phil.  Trans. vol.  lvi.  144.)  It  had  before  been  confounded 
with  several  of  its  compounds,  under  the  name  of  mjiarnmuhle  air:  the 
term  hydrogen  was  given  to  it  by  the  French  chemists  in  consequence  of 
its  being  one  of  the  elements  of  water  (from  vScop,  water^  and  f^evveiv^  to 
generate).  It  also  forms  a component  of  all  vegetable  and  animal  pro- 
ducts, and  is  therefore  abundantly  diftused  throughout  nature. 

257  Hydrogen  gas  may  be  obtained  by  the  action 

of  iron  or  zinc  upon  dilute  sulphuric  acid.  Some 
nails,  or  pieces  of  iron  wire,  or  fragmented  or 
granulated  zinc,  may  be  introduced  into  the  tu- 
bulated flask  a (fig.  257),  and  covered  with  sul- 
phuric acid  diluted  with  six  or  eight  times  its 
bulk  of  water;  an  effervescence  ensues,  heat  is 
evolved,  and  the  gas  escapes  by  the  bent  tube  b, 
(inserted  by  grinding  into  the  neck  of  the  flask.) 
and  may  be  collected  in  the  hydro-pneumatic  apparatus.  (S03,H0  Zn 
r=S03,Zii0  + H.)  The  hydrogen,  however,  which  is  thus  obtained,  is 
never  perfectly  pure.  When  procured  by  the  means  of  iron,  its  odor  is 
peculiar  and  disagreeable,  in  consequence,  according  to  Berzelius,  of  its 
containing  a portion  of  volatile  oil,  formed  by  its  union  with  a minute 
quantity  of  carbon,  which  all  common  iron  contains.  When  such  gas  is 
passed  through  alcohol,  much  of  the  odor  is  absorbed  by  it,  and  on 
diluting  it  with  water,  it  becomes  milky.  Obtained  by  means  of  zinc,  the 
gas  is  perhaps  somewhat  more  pure,  but  it  appears  to  hold  a trace  of 
zinc  and  of  carbon  in  solution,  and  perhaps  in  some  cases  traces  of  sul- 
phur and  of  arsenic*.  For  the  purposes  of  delicate  experiments,  hydrogen 
must  be  passed  through  a solution  of  potassa,  and  then  dried  by  passing 
it  through  a tube  containing  fragments  of  fused  chloride  of  calcium;  it 
should  also  be  collected  over  mercury,  and  procured  from  purified  zinc, 
and  pure  sulphuric  acid  so  far  diluted  as  to  act  but  slowly  upon  the  metal. 


* The  common  zinc  of  commerce  is 
here  alluded  to ; pure  zinc  is  very  slowly 
acted  on  by  dilute  sulphuric  acid : indeed, 
we  sometimes  find  commercial  zinc  so  pure 
as  to  yield  hydrogen  very  tardily.  Accord- 
ing to  Dumas,  {Recherches  sur  la  Compo- 
sition de  VEau,  Ann.  Ch.  et  Ph.,  Juin, 
1843,)  the  impurities  of  hydrogen  de- 
rived from  the  zinc  and  sulphuric  acid  of 
commerce  are  oxides  of  nitrogen,  sul- 
phurous acid,  and  arsenuretted  and  sul- 
phuretted hydrogen : the  nitrous  oxides  are 
derived  from  impure  sulphuric  acid,  and 
when  it  has  been  attempted  to  get  rid  of 
these  by  a current  of  sulphurous  acid,  the 
latter  is  carried  over  with  the  hydrogen : 
arsenuretted  and  especially  sulphuretted 
hydrogen  almost  always  occur ; so  that 
where  pure  hydrogen  is  required,  pure  sul-  • 


phuric  acid  and  water  must  be  used,  and 
the  gas  subjected  to  reagents  capable  of 
abstracting  all  traces  of  sulphuretted  and 
arsenuretted  hydrogen : a solution  of  nitrate 
of  lead  arrests  the  former,  and  of  sulphate 
of  silver  the  latter.  The  gas,  therefore, 
should  be  conducted  through  U tubes  filled 
with  pounded  glass  so  as  to  extend  the 
surface  of  the  metallic  solutions,  and  thence 
through  similar  tubes  containing  fragments 
of  pumice  imbued  with  concentrated  solu- 
tion of  potassa,  pieces  of  common  potassa, 
and  of  caustic  potassa  which  has  been 
fused  at  a red  heat;  lastly,  it  must  be  dried 
by  passing  it  through  a tube  containing 
fragments  of  pumice  imbued  with  oil  of 
vitriol  and  suri’ounded  by  ice.  (See  also 
upon  this  subject,  Jacciuelain,  Ann,  Ch. 
et  Ph.,  Fevrier,  1843.) 
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The  hydrogen  liberated  by  the  voltaic  decomposition  of  water  by  plati- 
num surfaces  (see  Water),  may,  when  dried,  be  considered  as  pure. 
Upon  the  same  principle  it  may  be  obtained  by  inverting  a platinum  cru- 
cible in  dilute  hydrochloric  acid,  and  placing  a plate  of  zinc  upon  it;  the 
hydrogen  is  then  evolved  by  the  voltaic  action  of  the  two  metals,  and  a 
portion  of  it  collects  within  the  crucible.  This  gas  is  also  pure  when 
liberated  from  pure  water  by  the  action  of  an  amalgam  of  potassium  or  of 
sodium. 

Hydrogen  is  an  uncondensible  aeriform  fluid ; it  is  not  absorbable  by 
water,  unless  that  liquid  has  been  previously  deprived,  by  long  boiling,  of 
common  air,  in  which  case  100  cubic  inches  dissolve  about  1*5  cubic  inches 
of  the  gas.  It  has  no  taste,  and  when  perfectly  pure,  is  inodorous;  but  it 
usually  lias  a slight  disagreeable  smell.  It  has  great  power  of  refracting 
light  (p.  92.)  It  maybe  respired  for  a short  time,  though  it  is  instantly 
fatal  to  small  animals.  M.  Maunoir,  after  having  breathed  a quantity  of 
pure  hydrogen,  found  that  his  voice  had  become  remarkably  shrill.  (Phil. 
Mag.,  iv.  214.)  The  intensity  of  sound  is  greatly  diminished  in  an 
atmosphere  of  hydrogen  ; Leslie,  indeed,  found  it  more  feeble  than  its 
rarity  compared  with  air  would  have  led  him  to  expect.  He  placed  a 
piece  of  clock-work  by  which  a bell  was  struck  every  half  minute  under 
the  receiver  of  the  air-pump,  and,  after  exhausting  the  air,  filled  the 
receiver  with  hydrogen ; but  the  sound  was  then  even  feebler  than  in  the 
highly-rarefied  atmosphere.  (Ann.  Philos.,  2nd  Series,  iv.  172.)  It  is 
stated  that  sound  moves  at  least  three  times  as  fast  in  hydrogen  as  in 
air. 

Hydrogen  gas  is  the  lightest  known  form  of  matter,  and  its  equiva- 
lent, combining,  or  atomic  weight,  is  below  that  of  all  other  substances  ; 
it  is,  therefore,  conveniently  assumed  as  unity  in  reference  to  the  atomic 
weights  of  all  other  bodies.  In  consequence  of  its  extreme  lightness,  it  is 
diflicult  directly  to  determine  its  weight  with  accuracy  by  the  common 
process  ; but  the  researches  of  Berzelius  and  Dulong,  and  of  Dr.  Prout, 
lead  us  to  infer  that  its  specific  gravity,  compared  with  oxygen,  is  as  I to 
16:  100  cubic  inches,  therefore,  of  pure  hydrogen  gas  at  mean  temperature 
and  pressure  weigh  only  2*1483  grains,  and  compared  with  air,  its  specific 
gravity  would  be  nearly  as  7 to  100,  or  more  correctly  as  0’0694  to  1. 
(Berzelius  and  Dulong’s  determination  gave  0*0687  to  0*0688;  but  Bous- 
singault  and  Dumas  have  shown  that  these  numbers  are  too  low,  and 
give  the  density  of  hydrogen  as  between  0*0691  and  0 0695.  Ann.  Ch. 
et  Phys.,  3rd  Series,  viii.  201.)  At  the  temperature  of  32°  100  cubic 
inches  weigh  2‘22756  grains.  (Thomson.) 

The  low  specific  gravity  of  hydrogen  is  well  and  amusingly  illustrated 
by  substituting  it  for  common  air,  in  soap  bubbles,  which  then  rapidly 
ascend  in  the  atmosphere,  and  may  be  kindled  by  the  flame  of  a taper. 
The  same  circumstance  also  led  to  its  employment  for  the  inflation  of 
balloons,  which,  however,  have  of  late  years  been  generally  filled  with 
coal-gas.  Small  balloons  may  be  purchased,  made  of  gold-beater’s  skin, 
or  of  the  lining  membrane  of  the  crop  of  a turkey,  which,  when  filled 
with  pure  hydrogen,  rise  to  the  ceiling,  their  specific  gravity  being  inferior 
to  that  of  the  surrounding  air.  Some  of  these  when  filled  with  hydrogen, 
do  not  Aveigh  more  than  42  grains,  Avhile  tlie  same  bulk  of  air  would 
weigh  52  grains,  so  that  their  buoyant  power  is  about  ==  10  grains. 
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Hydrogen  is  inflammable,  and  extinguishes  flame. 
When  pure,  it  burns  quietly,  with  a pale  yellowish  flame 
at  the  surface  in  contact  with  air;  but,  if  mixed  with 
thrice  its  volume  of  air,  it  burns  rapidly,  and  with 
detonation.  In  making  this  experiment,  a strong  phial, 
capable  of  holding  about  six  ounces  of  water,  may  be 
employed;  or  the  injiammahle  air -pistol^  which  admits 
of  the  mixture  being  fired  by  the  electric  spark.  This 
instrument  consists  of  a cylinder  of  brass,  about  three- 
fourths  of  an  inch  diameter,  and  six  inches  long,  in 
the  form  of  a small  cannon  or  pistol-barrel,  properly 
mounted  and  having  a wire,  a (fig.  258),  at  the  part 
usually  occupied  by  the  touch-hole,  passing  through  a 
tube  of  ivory,  5,  and  not  quite  touching  the  interior  of 
the  cylinder;  an  electric  spark  communicated  to  this 
wire  inflames  the  mixture  of  hydrogen  and  atmospheric 
air  in  the  interior.  It  may  be  charged,  by  previously  filling  it  with  dry 
sand,  and  emptying  it  out  into  a phial  of  hydrogen,  which  then  rises 
into  the  gun  sufiiciently  mixed  with  air  ; the  muzzle  may  be  secured  by 
a cork,  which  is  expelled  with  much  violence  and  a loud  report,  upon 
the  inflammation  of  the  gas. 

The  electrical  air-gun  may  also  be  charged,  by  holding  it  for  a moment 
over  the  open  jet  of  the  following  instrument,  (fig.  259,)  always  taking  care 
that  there  is  a due  admixture  of  atmospheric  air,  otherwise  the  electric 
spark  will  not  inflame  it.  a is  a funnel-shaped  vessel,  fitting  by  a ground- 
joint  into  the  three-necked  bottle  b;  to  the  stopper  c is  annexed  a brass 
wire,  with  a cylinder  of  zinc  scrcAved  upon  its  lower  end ; d is  a tube  fur- 
nished with  a stopcock  and  jet-pipe;  the  capacity  of  the  vessel  a should  be 

nearly  equivalent  to  that  of  5,  and  may  contain  from 
one  to  three  or  four  pints.  To  charge  this  apparatus 
with  hydrogen,  b is  three-fourths  filled  with  water, 
and  the  stopper  c being  removed,  a quantity  of  sul- 
phuric acid,  previously  diluted  with  its  bulk  of 
water,  is  poured  in  by  the  long  funnel,  so  that  it  may 
remain  at  the  bottom  of  the  water  which  now  fills 
the  vessel.  The  stopper  c,  with  its  appended  piece 
of  zinc,  is  then  put  in,  and  the  generated  hydrogen 
forces  the  dilute'acid  into  «,  where  its  pressure  serves 
to  propel  the  gas  through  d,  whenever  the  stop-cock 
is  opened;  the  acid,  at  the  same  time  descending, 
produces  a fresh  portion  of  hydrogen  by  again  acting 
upon  the  zinc.  This  instrument  is  useful  where 
small  quantities  of  hydrogen  are  required  for  burn- 
ing, charging  air-guns,  and  other  purposes. 

It  will  be  found  that  hydrogen  during  combustion  combines  with  eight 
times  its  weight  of  oxygen : and  according  to  Despretz,  the  heat  thus  evolved 
by  the  combustion  of  a pound  of  hydrogen  (in  common  air)  is  sufficient  to 
raise  the  temperature  of  236’4  pounds  of  water  from  32°  to  212°. 

Valla's  air-lamp^  in  which  a jet  of  hydrogen  is  inflamed  by  a small 
spark  from  an  electrophorus,  also  furnishes  an  elegant  illustration  of  the 
ready  inflammability  of  hydrogen  by  the  electric  spark. 
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In  examining  into  the  quantity  of  atmospheric  air  required  to  form 
an  explosive  mixture  with  hydrogen,  Mr.  Cavendish  found  the  loudest 
report  was  produced  by  one  volume  of  hydrogen  with  three  of  air.  One 
of  hydrogen  with  nine  of  air  burned  very  feebly,  and  four  of  hydrogen 
with  one  of  air  burned  without  explosion.  {Phil.  Trans..,  LVI.) 

If,  instead  of  a mixture  of  hydrogen  and  atmospheric  air,  two 
volumes  of  hydrogen  mixed  with  one  of  oxygen  be  burned  in  the  electrical 
air-gun,  or  inflamed  in  a stout  and  small  phial,  the  explosion  is  extremely 
violent;  but  if  the  mixture  be  diluted  with  eight  measures  of  hydrogen, 
or  with  nine  of  oxygen,  it  no  longer  explodes. 

The  inflammability,  as  well  as  the  low  specific  gravity  of  hydrogen, 
are  shown  in  the  following  experiments  : — Let  a jar  filled  with  this  gas 
stand  for  a few  seconds,  with  its  open  mouth  upwards;  on  letting  down  a 
candle,  the  gas  will  be  found  to  have  escaped,  and  to  be  replaced  by  com- 
mon air.  Place  another  jar  of  the  gas  inverted,  or  with  its  mouth  down- 
wards; the  gas  will  now  be  found  to  remain  a much  longer  time  in 
the  jar,  being  prevented  from  escaping  upwards  by  the  bottom  and 
sides  of  the  vessel.  Provide  an  air-jar,  with  a stop-cock  and  jet,  and 
fill  it  with  hydrogen,  upon  the  shelf  of  the  pneumatic  trough ; then  set 
fire  to  the  gas  at  the  jet,  and  immediately  lift  the  jar  out  of  the 
w'ater,  and  hold  it  firmly  by  the  brass  cap.  The  flame  will  continue 
for  some  time  at  the  jet,  the  hydrogen  being  propelled  through  it  by  the 
pressure  of  the  external  air;  but  when  the  air  becomes  mixed  in  such 
proportion  with  the  gas  as  to  form  an  explosive  mixture,  the  flame 
recedes  through  the  jet,  and  the  whole  kindles  suddenly.  (Berzelius.) 
Hydrogen  may  in  fact  be  decanted,  as  it  were,  per  ascensum,  from  one 
jar  into  another  held  above  it.  Thus,  if  a light  bell-glass  be  suspended 
wdth  its  mouth  downwards  to  one  end  of  a scale-beam,  and 
accurately  counterpoised,  it  will  be  found,  on  placing  a jar  of 
hydrogen  gas  closed  by  a plate  of  glass  underneath  it,  that  the 
hydrogen,  on  removing  the  glass  plate,  will  ascend  into  the 
bell,  and  by  its  lightness,  cause  the  counterpoise  to  sink;  the 
hydrogen  may  afterwards  be  inflamed  by  a taper  introduced 
into  the  counterpoised  bell. 

If  a current  of  hydrogen  be  inflamed  when  issuing  from  a 
small  aperture,  and  a tube  of  eighteen  or  tw^enty  inches  in  length 
be  held  over  the  flame,  as  in  fig.  260,  a peculiar  musical  tone  is 
produced,  varying  in  its  pitch  with  the  length  and  diameter  of  the 
tube,  and  the  extent  to  which  the  flame,  which  should  be  very 
small,  is  introduced  within  it.  This  effect  is  not  peculiar 
to  hydrogen,  but  is  produced  by  a variety  of  other  flames 
(Faraday,  Journal  of  Science  and  the  Arts,  vol.  v.),  and  is 
referable  to  the  regular  succession  of  little  explosions  and  conse- 
quent vibrations  produced  by  the  combustion  of  the  gas  in  the 
tube. 

The  tendency  which  gaseous  fluids  have  to  become  com- 
pletely mixed  under  all  circumstances,  and  as  it  were  to  pene- 
trate each  other,  is  w^ell  illustrated  where  hydrogen  is  employed. 

Thus,  if  two  small  phials,  the  one  containing  oxygen  and  the 
other  hydrogen,  be  connected  perpendicularly  by  a long  glass 
tube,  of  small  bore,  it  will  be  found,  that  although  the  hydrogen 
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be  uppermost,  and  much  lighter  than  the  oxygen,  it  will,  in  the  course  of 
a few  hours,  have  perfectly  mixed  with  the  oxygen,  and  the  gases  Avill 
be  found  in  equal  proportions  in  both  phials ; hence  the  expression  that 
one  gas  acts  as  a vacuum  with  respect  to  another.  (Dalton,  Manchester 
Memoirs^  vol.  i..  New  Series.) 

The  facility,  too,  with  which  hydrogen  passes  through  crevices,  fissures, 
and  capillary  tubes,  as  also  through  membranes  and  various  organic  tissues, 
is  very  remarkable.  Attention  was  first  called  to  this  subject  by  a curious 
observation  of  Dobereiner  on  the  escape  of  hydrogen  through  a small 
crack  or  fissure  in  a glass  jar,  which  had  been  filled  with  the  gas,  and 
placed  upon  the  shelf  of  the  pneumatic  trough;  to  his  surprise,  the  water 
rose  in  the  jar  nearly  three  inches  above  the  level  of  that  in  the  trough. 
The  subject  was  afterwards  investigated  by  Professor  Graham,  (^Edinburgh 
Philos.  Trans..,  xii.  222.)  The  following  is  an  abstract  of  his  inquiries, 
abridged  from  his  Elements  of  Chemistry . 

On  examining  Dobereiner’s  result,  he  found  that  while  the  hydrogen 
escaped  outwards,  a portion  of  air  penetrated  inw^ards,  amount- 
ing to  between  one-fourth  and  one-fifth  of  the  volume  of  the  lost 
hydrogen:  that,  in  fact,  when  hydrogen  communicates  with  air  by  such  a 
chink,  there  is  a powerful  disposition  to  mutual  intermixture;  “a  particle 
of  air,  however,  does  not  interchange  with  a particle  of  hydrogen  of  the 
same  magnitude,  hut  of  3’83  times  its  magnitude.  We  may  adopt  the 
word  diffusion-volume  to  express  this  diversity  of  disposition  in  gases  to 
interchange  particles,  and  say  that  the  diffusion- volume  of  air  being  — 1, 
that  of  hydrogen  gas  is=r  3*83.  Now  every  gas  has  a diffusion-volume 
peculiar  to  itself,  and  depending  upon  its  specific  gravity;  of  those  gases 
which  are  lighter  than  air,  the  diffusion -volume  is  greater  than  1,  and  of 
those  which  are  heavier,  the  diffusion- volume  is  less  thanl.” 

Professor  Graham’s  results  were  obtained  by  what  he  calls  a diffusiofi- 
tube;  it  is  a graduated  glass  tube  of  about  half  an  inch  diameter,  and  four- 
teen inches  long;  one  end  is  closed  by  a plate  of  plaster  of  Paris  of  about 
one-fifth  of  an  inch  thick;  it  may  be  used  over  mercury  or  water,  but 
in  the  latter  case  care  must  be  taken  in  filling  it,  to  keep  the  plaster  plug 
dry.  Fig.  261  represents  a good  form  of  diffusion-tube;  it  is  graduated 
into  100  parts,  and  closed  at  « by  a plug  of  plaster  of  Paris.  It  should  be 
filled  with  hydrogen  or  other  required  gas,  by  propelling  it  from  a jet 
into  the  tube,  so  as  thoroughly  to  displace  the  atmospheric  air  without 
wetting  the  plaster  stopper,  and  then  transferred  to  a basin  of  w^ater:  in 
this  case  the  gas  diffuses  into  the  atmosphere  through  the  pores  of  the 
stucco,  the  water  rises  proportionately  in  the  tube,  and  in  about  half  an 
hour,  the  whole  of  the  hydrogen  will  have  escaped,  and  a certain  quan- 
tity of  common  air  entered  : in  experiments  for  determining  the  propor- 
tion of  gas  diffused  and  of  replacing  air,  inequality  of  pressure  must  be 
guarded  against  by  placing  the  diffusion-tube  in  a jar  of  w^ater  which 
must  he  filled  up  in  proportion  as  it  rises  in  the  tube,  and  the  inner  and 
outer  levels  kept  equal.  Assuming  the  diffusive  powder  of  air  as  = 1, 
that  of  hydrogen  is  3*8;  of  oxygen  = 0*9;  of  nitrogen  = 1*014. 

Cork,  spongy  platinum,  and  other  porous  substances,  may  be  substi- 
tuted for  the  stucco,  in  the  diffusion-tube;  or  a piece  of  bladder,  or  thin 
caoutchouc,  may  also  occasionally  be  used.  With  the  latter  a very  strik- 
ing experiment,  illustrative  of  this  form  of  eudosmose  and  exosmose,  nniy 


be  made  as  follows  : — confine  a portion  of  common  air  in  a tumbler  or 
wide-mouthed  jar,  by  tying  it  carefully  over  with  a piece  of  thin  sheet- 
caoutchouc,  and  place  it  under  a large  bell-glass  filled  with  hydrogen  gas, 
and  standing  in  a dish  of  water:  the  hydrogen  will  gradually  find  its 
way  through  the  caoutchouc  and  act  upon  it  with  such  elastic  power  as 
forcibly  to  distend  and  even  ultimately  burst  it  (fig.  262.)  If  the  in- 
cluded jar  be  filled  with  hydrogen,  and  the  bell-glass  with  air,  an  opposite 
result  will  ensue,  as  shown  by  the  concave  instead  of  convex  surface 
assumed  by  the  elastic  diaphragm,  (fig.  263.) 

If  a thin  flaccid  bladder,  containing  common  air,  be  suspended  in  a jar 
of  carbonic  acid,  it  wdll  become  distended  to  the  utmost  by  the  entrance  of 
the  carbonic  acid  from  without:  or  if  the  bladder  distended  with  car- 
bonic acid  be  suspended  in  the  air,  it  will  become  flaccid,  in  consequence 
of  the  exosmose  of  the  former  prevailing  over  the  endosmose  of  the  latter. 
Where  the  membranes  are  moist,  the  water  by  its  solvent  power  may 
tend  to  facilitate  the  transfer  of  gases;  this  diffusive  power,  for  instance,  of 
carbonic  acid  depends  upon  the  intervention  of  a moist  membrane. 

It  has  been  shown  that  gases  flow  into  a vacuum  with  velocities  which 
are  inversely  as  the  square  roots  of  their  densities ; that  is,  with  velocities 
corresponding  to  the  numbers  which  express  their  diffusion-volumes: 
hence  the  law  of  diffusion  has  been  regarded  (T.  S.  Thomson,  Phil.  Mag.., 
3rd  Series,  iv.  321)  as  confirming  Dalton’s  theory,  that  gases  are  inelastic 
towards  each  other;  a conclusion,  however,  which  Graham  hesitates  to 
adopt.  (^Elemefits  of  Chemistry,  p.  750 

In  discussing  the  nature  of  flame  and  the  causes  of  their  luminosity 
and  heat  (p.  127,)  I have  alluded  to  the  high  temperature  of  that  of 
hydrogen:  it  is  occasionally  employed  for  exciting  intense  heat;  and, 
when  mixed  with  oxygen,  and  burned  as  the  mixture  issues  from  a small 
jet.  it  excites  a temperature  nearly  equal  to  that  of  the  arc  of  flame  in  the 
voltaic  circuit.  A blow-pipe  upon  this  construction  was  first  made  by 
Newman,  and  afterwards  improved,  as  to  its  safety,  by  Professor 
Gumming,  of  Cambridge.  (^Journal  of  Science  and  Ihe  Arts,  i.  65,  and 
ii.  380.)  A full  account  of  the  construction  and  use  of  this  hydro- 
oxygen  blow-pipe  will  be  found  in  Dr.  Clarkes  book  upon  the  subject. 
(London,  1819.)  Hemming’s  safety-tube  may  also  be  used  in  these 


302 


WATER. 


experiments.  (See  Phil.  Mag.^  3rd  Series,  i.  82.)  An  excellent  mode  of 
obtaining  intense  heat  by  the  combustion  of  oxygen  and  hydrogen,  con- 
sists in  propelling  them  from  separate  air-holders  through  a burner  com- 
posed of  two  concentric  tubes:  a good  form  of  such  a burner  has  been 
described  by  Daniell.  (Phil.  Mag.^  3rd  Series,  ii.  570  The  apparatus  for 
this  purpose  has  also  been  further  improved  by  Maugham,  especially  as 
relates  to  its  application  to  the  solar  microscope.  (Trans.  Soc.  Arts^Sfc.^ 
vol.  L.)  It  may  be  observed,  that  in  this  and  similar  cases  where  the 
inflammable  gas  is  mixed  with  oxygen,  the  nature  of  the  flame  is  mate- 
rially altered,  the  combustion  being  entire  throughout  the  body  of  the 
flame,  and  not  limited  to  the  film  in  contact  with  air,  as  represented  at 
p.  128.  So  that  in  the  former  case  the  quantity  of  the  combustible  con- 
sumed in  a given  time,  and  the  quantity  of  oxygen  combining  with  it  in 
a given  time,  are  greatly  increased. 

Hydrogen  AND  Oxygen.  Water.  Protoxide  of  Hydrogen.  HO,  or 
H,  or  Aq.  Water  was  long  regarded  as  an  element,  and  was  supposed 
convertible  into  earth,  until  Lavoisier  in  1778  showed  the  fallacy  of  that 
notion.  Cavendish,  and  Watt,  in  1781,  demonstrated  the  production  of 
water  by  the  combustion  of  oxygen  and  hydrogen,  and  the  former,  to 
whom  the  important  discovery  of  the  composition  of  water  is  strictly  due, 
proved  the  correspondence  in  weight  of  the  resulting  product  with  that  of 
the  gases  used  in  its  formation.  Lavoisier  first  resolved  water  into  its 
constituents,  and  Yon  Humboldt  and  Gay  Lussac  proved  that  the  volume 
of  the  oxygen  to  the  hydrogen  was  exactly  as  1 : 2.  The  relative  weights 
of  those  gases  were  carefully  determined  by  Berzelius  and  Dulong,  and 
shown  to  be  very  nearly  as  88' 9 : 1 1*1. 

When  two  volumes  of  pure  hydrogen  gas  are  mixed  with  one  volume 
of  pure  oxygen  gas,  and  the  mixture  inflamed  in  a proper  apparatus  by 
the  electric  spark,  they  totally  disappear,  and  water  equal  in  weight 
to  the  gases  consumed  is  formed:  and  again,  if  water  be  exposed  to 
electrolytic  action,  it  is  resolved  into  two  volumes  of  hydrogen,  disengaged 
at  the  negative  pole  or  cathode,  and  one  volume  of  oxygen,  disengaged  at 
the  positive  pole  or  anode  (see  p.  216) ; so  that  water  is  thus  proved  by 
synthesis.,  and  by  analysis,  to  consist  of  two  volumes  of  hydrogen,  com- 
bined with  one  volume  of  oxygen.  The  specific  gravity  of  hydrogen, 
compared  with  oxygen,  is  as  1 to  16;  these  numbers,  therefore,  represent 
the  comparative  weights  of  equal  volumes  of  those  gases;  but  as  water 
consists  of  one  volume  of  hydrogen  arid  half  a volume  of  oxygen  it  is 
obvious  that  the  relative  weights  of  those  elements  will  he  as  1 : 8. 
(These  numbers  are  deduced  from  Dr.  Prout’s  researches,  and  their  per- 
fect accuracy  has  more  recently  been  determined  by  the  elaborate  inves- 
tigations of  Dumas.  Recherches  sur  la  Composition  de  VEau.  Ann.  Ch.  et 
PL,  Juin,  1843.) 

Atoms  Weights.  Per  Cent.  Volumes. 


Hydrogen  1 ..  1 ....  11*1  ....  1*0 

Oxygen 1 ....  8 ....  88  9 ....  0*5 

Water  1 . ..  9 ....  lOO'O 


The  experiments  illustrating  the  composition  of  water,  and  showing 
the  proportions  in  which  its  elements  are  united,  may  be  divided  into 
synthetic  and  analytic.  Among  these  the  following  may  be  selected  : — 
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Synthelic  Experiments. — (I.)  Burn  a current  of  hydrogen  under  the 
copper  funnel  represented  in  the  following  wood-cut,  fig.  204;  by 
uniting  with  the  oxygen  of  the  atmosphere  it  will  produce  aqueous  vapour, 
which  passing  into  the  glass  cylinder  />,  will  condense  in  drops*. 


264 


(2.)  If  two  measures  of  pure  hydrogen  he  mixed  with 
one  of  pure  oxygen,  and  detonated  in  the  graduated  glass 
tube  «,  fig.  265,  standing  over  water  or  mercury,  by  an 
electric  spark  passed  through  the  platinum  wires  b 5, 
the  gases  disappear.  If  there  be  any  excess  of  either  of 
the  gases,  the  portion  in  excess  will  remain  unconsumed. 

At  the  moment  the  explosion  takes  place  the  gaseous 
mixture  becomes’  greatly  expanded,  probably  to  fifteen 
times  its  original  bulk  (Davy  on  Flame.^  p.  90),  and  a 
portion  is  apt  to  escape  at  the  bottom  of  the  tube ; hence 
the  advantage  of  performing  the  experiment  over  mer- 
cury in  the  form  of  apparatus  recommended  by  Dr.  Ure. 

(See  Eudiometer.) 

(3.)  The  same  experiment  may  be  thus  varied,  a 
(fig.  266)  is  a strong  and  thick  glass  vessel  provided  with 
a glass  stop-cock  e,  and  with  a ground  stopper  firmly 
secured  by  the  brass  collar  c,  through  which  the  platinum  wires  d d pass. 
The  vessel  a,  previously  exhausted  of  air,  is  placed  upon  the  bell-glass  b, 
in  the  pneumatic  trough,  containing  a mixture  of  pure  oxygen  and 
hydrogen  in  the  above-mentioned  proportions.  Upon  opening  the  stop- 
cocks E F,  a quantity  of  the  mixed  gases  passes  into  a,  where,  after  having 
carefully  closed  the  stop-cocks,  it  may  be  inflamed  by  an  electric  spark 
passed  through  the  platinum  wires.  At  the  instant  of  the  detonation,  a 


ct 


* On  examining  the  water  thus  pro- 
duced, it  is  generally  slightly  acid  from  the 
presence  of  nitric  acid,  derived  from  the 


nitrogen  in  the  atmosphere ; if  hydrogen  be 
in  excess  it  sometimes  contains  ammonia. 
(Saussure,  Ann.  de  Chim.,  nxxi.  p.  282.) 
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vivid  flame  pervades  the  upper  vessel,  and  it  be- 
comes lined  with  moisture.  If  the  stop-cocks  be 
again  opened,  a fresh  portion  of  the  mixed  gases 
enters,  and  may  be  inflamed  as  before. 

(4.)  A mixture  of  oxygen  and  hydrogen  gases, 
suddenly  submitted,  to  violent  mechanical  compres- 
sion, unite  with  combustion,  and  produce  water. 
(Biot.)  Under  a more  gradual  compression,  equiva- 
lent to  that  of  50  atmospheres  (by  sinking  the  mixed 
gases  in  a tube,  sealed  by  mercury,  to  a depth  of 
.540  metres  in  the  sea),  the  gases  do  not  unite, 
(Delaroche.)  Water  may  also  be  produced  by  heat- 
ing the  mixed  gases  to  a temperature  below  that 
required  for  their  combustion  with  flame.  (Davy 
on  Flame^  p.  68.)  According  to  Grotthus,  no  explo- 
sion takes  place  by  an  electric  spark,  in  a mixture 
of  two  volumes  of  hydrogen  and  one  of  oxygen,  ex- 
panded to  six  times  its  volume  by  heat,  or  to  sixteen 
times  its  volume  by  diminished  pressure.  (Ann.  de 
Ch.^  Lxxxii.)  Electric  sparks,  however,  passed  for 
some  time  through  such  a mixture,  gradually  pro- 
duce water.  A red  heat,  visible  by  daylight,  in- 
flames the  mixture;  but  a very  dull  red  heat  only 
causes  the  combination  of  the  gases  without  ex- 
plosion. Graham  states,  that  if  a mixture  of  oxygen 
and  hydrogen  be  heated  in  a vessel  containing  a 
quantity  of  pulverised  glass,  or  any  sharp  powder, 
they  begin  to  unite,  in  contact  with  the  foreign  body,  in  a gradual  manner, 
without  explosion,  at  a temperature  not  exceeding  660°. 

(5.)  A discovery,  connected  with  the  present  subject,  was  made  in  the 
year  1824,  by  Dobereiner,  who  found  that  spongy  platinum,  (see  Plati- 
num,) possessed  the  singular  property  of  causing  the  immediate  combina- 
tion of  hydrogen  and  oxygen,  with  heat  sufiicient  to  inflame  the  gases, 
and  of  course  to  render  the  metal  red-hot,  the  phenomena  being  analo- 
gous to  those  previously  observed  by  Davy  in  his  researches  on  combus- 
tion without  flame  (see  p.  129).  If  a small  piece  of  well  prepared  spongy 
platinum  be  held  in  a jet  of  hydrogen  issuing  from  a small  tube  into  the 
atmosphere,  it  immediately  becomes  hot  enough  to  inflame  the  gas.  If  a 
mixture  of  oxygen  and  hydrogen,  or  of  atmospheric  air  and  hydrogen,  not 
in  explosive  proportions,  be  submitted  to  the  action  of  the  platinum,  it 
disposes  the  gases  to  slow  combination,  water  is  gradually  formed,  and  if 
there  be  a sufiiciency  of  oxygen,  the  whole  of  the  hydrogen  disappears 
under  its  influence;  if,  on  the  other  hand,  there  be  excess  of  hydrogen, 
the  oxygen  disappears.  In  analyzing  certain  gaseous  mixtures,  there- 
fore, platinum,  in  this  peculiar  state  of  mechanical  division,  becomes  a 
valuable  ageut.  For  more  convenient  application  to  such  purposes,  the 
platinum  may  be  mixed  with  an  equal  weight  of  pure  clay,  and  moulded 
with  a little  water  into  small  balls,  which  must  be  carefully  dried  at  a 
high  heat.  These  may  be  conveniently  thrown  up  into  gases  standing 
over  mercury,  and  their  power  is  not  impaired  by  use;  for  they  may 
always  be  rendered  efficient,  or  their  power  restored,  by  heating  them 
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red-hot.  Spongy  platinum  also  causes  the  union  of  oxygen  Avith  several 
other  gases,  such  as  with  carbonic  oxide,  and,  at  high  temperatures, 
with  olefiant  gas ; it  also  promotes  the  decomposition  of  nitric  oxide  by 
hydrogen.  (Dulong  and  Tiienard,  Ann.  de  Ch.  cl  Ph.,  xxiii.  440.)  It 
is  an  essential  condition  in  all  cases  of  the  catalytic  influence  of  platinum 
that  its  surface  should  be  absolutely  clean^  the  slightest  film  of  foreign 
matter  impairing  or  in  some  cases  preventing  the  action  : hence  the 
advantage  derived  from  carefully  heating  spongy  platinum,  which  has 
become  inert,  in  a clear  flame.  A very  few  other  metals  operate  in  the 
same  way,  but  less  perfectly  than  platinum,  such  as  palladium  and  iri- 
dium. Gold  and  silver  in  fine  leaves  are  efficient  at  temperatures  above 
212°.  (See,  in  reference  to  these  catalytic  actions,  a paper  by  Reiset  and 
Millon,  Aim.  Ch.  et  PIi.^  July)  1843;  also,  L.  Gmelin’s  Handbnch,  I, 
Art.  Wasserhildung.) 

(6.)  The  effects  observed  by  Faraday  respecting  the  action  of  the  plati- 
num which  had  formed  the  positive  pole  of  the  voltaic  pile  upon  a mix- 
ture of  oxygen  and  hydrogen  gases,  and  which  he  has  detailed  and  inves- 
tigated in  the  sixth  Series  of  his  Experimental  Researches  in  Electricity., 
{Phil.  Trans..,  1834,  p.  55,)  are  apparently  of  the  same  nature  as  those 
observed  by  Dobereiner.  He  refers  them  to  a peculiar  attraction  between 
the  perfectly  clean  metallic  surface  and  the  particles  of  the  gaseous  mix- 
ture, resembling  that  by  which  bodies  become  wetted  by  fluids  with  which 
they  do  not  combine  chemically,  or  in  Avhich  they  do  not  dissolve;  or  the 
attraction  which  renders  certain  bodies  hygrometric,  though  they  neither 
dissolve  in,  nor  combine  with,  Avater ; or  lastly,  to  a kind  of  attraction 
analogous  to  that  between  air  and  glass,  so  Avell  knoAvn  to  barometer- 
makers.  It  m£iy  be  conceived  that  by  some  such  attractive  force  the  par- 
ticles of  the  oxygen  and  hydrogen  become  so  approximated,  and  deprived 
of  their  gaseous  repulsion,  as  to  enter  into  chemical  combination,  and  in 
so  doing  to  evolve  the  heat  Avhich  raises  the  temperature  of  the  metal. 

Analytic  Experiments.  Water  may  be  decomposed  or  resolved  into 
its  elements,  by  a variety  of  processes,  of  which  the  following  avIU  suffice 
for  our  present  illustration  : 

(1.)  a (fig.  267)  is  a glass  retort,  into  Avhich  is  introduced  a given 
Aveight  of  Avater;  5 5a  small  furnace  through  which  passes  the  porce- 
lain tube  c c,  Avhicli  terminates  in  the  spiral  pewter  tube  d d,  immersed 
in  Avater.  A given  Aveight  of  pure  iron  Avire,  coiled  up,  is  introduced 
into  the  tube  c,  and  the  Avhole  made  red-hot;  the  Avater  in  a is  then  made 
to  boil,  and  the  vapor,  on  coming  into  contact  Avith  the  red-hot  iron,  is 
in  part  decomposed;  the  oxygen  is  retained  by  the  iron;  and  the  hydro- 
gen, escaping  through  the  tubey,  may  be  collected  as  usual.  Any  unde- 
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composed  portion  of  water  is  condensed  in  tlie  worm-pipe  d,  and  drops 
into  the  vessel  e.  After  this  experiment  the  iron  will  be  found  to  have 
increased  in  weight;  and  if  attention  be  paid  to  the  quantity  of  water 
which  has  collected  in  c,  and  to  the  weight  of  the  hydrogen  gas  evolved, 
it  will  be  found  tliat  the  weight  gained  by  the  iron,  added  to  that  of  the 
hydrogen,  will  be  equal  to  the  weight  of  the  water  which  has  disappeared. 

Lavoisier  concluded,  from  an  ex- 
periment thus  conducted,  that 
water  consisted  of  85  parts  by 
weight  of  oxygen,  and  15  by 
weight  of  hydrogen:  that  is,  that 
for  every  15  grains  of  hydrogen 
gas  evolved,  85  grains  of  oxygen 
were  condensed  by  the  iron. 

(2.)  Decomposition  by  voltaic 
electricity  best  illustrates  the 
composition  of  water,  since  it 
exhibits  both  the  oxygen  and 
hydrogen  in  the  gaseous  form. 
The  annexed  cut  represents  a 
section  of  an  apparatus  for  this 
purpose.  It  is  a glass  vessel  con- 
taining water,  having  two  wires 
of  platinum,  a ct^  passing  through 
its  bottom,  which  terminate  in 
two  narrow  plates  or  strips  of 
platinum,  a'  a\  which  rise  up  into,  and  over  which  are  inverted,  the 
tubes  h 5,  also  filled  with  water.  The  wires  are  now  connected  with  a 
moderately-powerful  voltaic  apparatus;  oxygen  is  evolved  at  the  positive 
and  hydrogen  at  the  negative  electrode,  which  gases  rise  into  the  tubes, 
and  it  is  seen  that  one  volume  of  oxygen,  o,  and  two  volumes  of  hydro- 
gen, //,  are  the  constant  results*.  If  these  gases  be  mixed  and  detonated, 
pure  water  is  again  formed.  In  employing  this  apparatus  the  conducting 


* By  passing  electric  discharges  from 
a Leyden  jar  by  two  fine  wires  through 
water,  oxygen  and  hydrogen  are  evolved 
at  both ; the  decomposition,  therefore,  is 
apparently  not  electro-polar.  In  the  elec- 
trolysis of  water,  as  described  in  the  text, 
the  bubbles  of  hydrogen  are  larger  and  rise 
more  regularly  than  those  of  oxygen,  which 
are  much  more  minute  and  diffused ; a de- 
ficiency in  the  oxygen  is  also  occasionally 
remarked,  which,  when  the  proportion  of 
sulphuric  acid  added  to  improve  the  con- 
ducting power  of  the  water  exceeds  that 
above  mentioned,  is  sometimes  consider- 
able: it  probably  arises  from  the  solution 
of  a portion  of  the  oxygen  in  the  dilute 
acid,  or  from  the  formation  of  oxy-water, 
Mr.  Faraday  recommends  for  the  Volta- 
meter (p.  228),  an  acid  of  the  specific 
gravity  of  1*3.  Fi-om  a mixture  of  two 
measures  of  sulphuric  acid  and  one  of  water 
he  obtained  42  volumes  of  hydrogen  and 


only  12  (instead  of  21)  of  oxygen.  {Re- 
searches, vii.,  § 728.)  On  the  subject  of 
the  peculiar  odor  perceptible  during  the 
electrolysis  of  water  and  the  production  of 
ozone,  see  also  Schonbein,  1.  616. 

If  the  water  used  for  voltaic  decom- 
position be  not  pure,  its  impurities  are 
shown  by  the  production  of  acid  and  al- 
kaline matter  at  'the  positive  and  negative 
pole.  But  pure  water  is  so  imperfect  an 
electrolyte  that,  in  the  above  experiment, 
it  is  convenient  to  render  it  more  easy  of 
decomposition  by  the  addition  of  a little 
sulphuric  acid.  (See  page  216,  and  note.) 
In  using  any  apparatus,  such  as  the  volta- 
meters, in  which  water  is  decomposed  by 
platinum  electrodes,  care  must  be  taken  that 
no  part  of  the  clean  electrode  be  exposed  to 
the  evolved  gases,  as  it  will  tend  to  induce 
their  recombination,  and  in  so  doing  some- 
times become  red-hot  and  cause  explosion. 
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power  of  the  water  requires  to  be  augmented  by  the  addition  of  about  a 
tenth  part  of  sulphuric  acid. 

Properties  of  Water.  Water,  in  its  ordinaiy  state,  such  as  spring 
and  river  ivater^  is  always  so  far  contaminated  with  foreign  substances  as 
to  he  unfit  for  many  chemical  purposes,  and  frequently,  as  will  be  more 
fully  shown  hereafter,  even  for  domestic  use.  Rain-water  is  much  more 
pure,  but  it  always  contains  small  quantities  of  carbonic  acid  and  of 
atmospheric  air,  besides  appreciable  traces  of  ammonia  and  of  vegetable 
or  animal  matter;  to  the  latter  it  owes  its  proj)erty  of  becoming  putrid 
’when  kept.  Ilassenfratz  asserts  that  snow-water  contains  excess  of 
oxygen  (Jonr.  de  1' Ecole  Poiytech,^  cap.  iv.,  570.)  Rain-water  collected 
near  the  sea  shows  traces  of  chlorine.  The  distinction  of  water  into  hard 
and  soft  has  reference  to  its  less  or  greater  purity. 

The  following  table  shows  the  solid  contents  of  the  water  of  the 
Thames  and  of  the  New  River,  together  with  that  of  the  Colne  and  the  Lea. 

ANALYSES  OF  THE  WATER  OF  THE  THAMES,  NEW  RIVER,  COLNE,  AND  THE  LEA. 


1 Imperial  Gallon 

THAMES. 

NEW  RIVER.  COLNE. 

LEA. 

(Phillips  and  Bostock.) 

(Phillips.; 

(Phillips.) 

(Phillips.) 

= lOlbs.  = 70,000  grs. 

Westminster. 

Brentford. 

Above 

Teddingtonr 

contains 

grs. 

grs. 

grs. 

grs. 

grs. 

grs. 

Carbonate  of  lime  .... 

16-4 

lG-5 

14-8 

14-7 

18*1 

18- 

Sulphate  of  lime  

1 

2-7 

1-2 

1-G 

. 3-2 

1-8 

Chloride  of  sodium,.,. 

2-  j 

1'4 

1-7 

1-5 

Oxide  of  iron 

. traces  > 

traces 

Silica 

1-2 

> traces  ^ 

2-4 

Magnesia  

Organic  matter - 

traces 

traces 

traces  } 

traces 

traces 

24-4 

19-2 

17*4 

19-2 

21*3 

23*7 

These  river  waters  hold  also  variable  quantities  of  suspended  matters,  de- 
pendent upon  locality,  state  of  weather,  &c.,  so  that  the  above  represent 
the  contents  of  the  filtered  waters. 

The  water  from  the  shallow  wells  of  London  usually  abounds  in 
sulphate  of  lime,  and  often  in  carbonate  of  lime,  containing  generally 
but  little  chloride  of  sodium  ; the  solid  contents  of  the  gallon  are  very 
variable,  but  sometimes  reach  130  to  140  grains.  The  water  is  very 
hard,  and  yields  in  some  cases  considerable  traces  of  oxide  of  manganese. 
The  deep  Avells,  Avhich  penetrate  the  London  clay,  and  are  carried  to 
different  depths  into  the  underlying  chalk,  vary  in  the  quality  of  their 
water  according  to  the  care  with  which  the  superincumbent  springs  have 
been  excluded : they  contain  a larger  relative  proportion  of  solid  matter 
than  river  water,  but  less  than  that  found  in  the  surface  wells,  and  are 
remarkably  characterised  by  the  abundance  of  soda-salts,  and  by  their 
alkalinity  derived  from  carbonate  of  soda : like  all  the  other  waters, 
they  hold  more  or  less  carbonic  acid.  The  following  are  analyses  of  four 
of  these  Artesian  springs: — 1,  is  from  Messrs.  Combe  and  Delafield’s 
brewery,  near  Long  Acre  (Graham)  ; 2,  from  the  well  of  the  Fountains 
in  Trafalgar  square  (Playfair)  ; 3,  from  the  well  of  the  Royal  Mint : this 
well  is  426  feet  deep ; namely,  226  feet  of  iron  cylinder  through  the 
gravel,  blue  clay,  plastic  clay,  and  sands,  and  200  feet  bored  into  the 
chalk.  The  water  rises  in  it  to  within  85  feet  of  the  surface  ; it  affords 
by  the  pumps  at  present  at  work  240  gallons  of  water  per  minute,  by 
which  the  surface  level  is  lowered  in  the  course  of  the  day  about  25 
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feet,  wliere  it  remains  stationary,  and  when  the  pumping  ceases,  rapidly  re- 
ascends to  the  original  level;  4,  is  water  from  a deep  well  at  Netting  Hill. 


(1) 

(2) 

(3)  (4) 

Carbonate  of  soda  

. 1P68 

14-56 

12-20  12-2 

Sulphate  of  soda  

2424 

19-60 

17-93  19-7 

Chloride  of  sodium  

, 12-75 

25-72 

9-33  19-1 

Carbonate  of  lime 

C19 

3-10  1 

Carbonate  of  magnesia 

. 1-09 

2-40 

1 i 

Phosphate  of  lime 

. 0-19  ) 

..  3-56  1 

> 4-54 f traces 

Phosphate  of  iron  

. 0-24  > 

' (3-9 

Silica 

0-44  J 

Total  solid  matter  in  the  \ 
imperial  gallon  J 

56-82  grs. 

68  94  grs.  44*00  60-6 

The  impurities  of  Avater  are  separated  by  distillation^  Avhich  process  is 
usually  conducted  upon  the  large  scale  in  a copper  boiler^  placed 
either  in  a portable  furnace  (fig.  269,)  or  set  in  brickwork,  according  to 
its  dimensions,  to  Avhich  is  annexed  the  still-head^  b,  of  the  same  mate- 


rial, or  of  pewter,  connected  with  the  peAvter  worni^  c,  Avhich  is  immersed 
in  the  nvorm-lub^  or  refrigerator^  d,  its  loAver  end  passing  out  at  e.  The 
Avater  in  this  vessel  must  ahvays  he  retained  of  a Ioav  temperature,  to 
♦effect  the  condensation  of  the  vapor  in  the  spiral  tube. 

Distilled  water,  as  commonly  prepared,  ahvays  affords  minute  traces 
of  foreign  matter,  especially  Avhen  subjected  to  Voltaic  decomposition, 
and  can  only  he  considered  as  perfectly  pure  AAdien  re-distilled  at  a Ioav 
temperature  in  silver  A^essels. 

Pure  Avater  is  transparent,  and  Avithout  either  color,  taste,  or  smell. 
It  is  a poAverful  refractor  of  light,  and  a very  imperfect  conductor  of  heat 
(p.  55)  and  of  electricity  (p.  216  note,  and  p.  237).  I*^  consequence  of 

the  facility  of  ohtainiug  it  pure,  it  is  assumed  as  a standard  to  Avhich  the 
relative  Aveights  of  all  other  solids  and  liquids  may  be  compared,  its  specific 
gravity  being  called  1*000;  and  hence  the  importance  of  estimating  its 
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weight  with  precision  (p.  41).  At  the  temperature  of  (32^,  which  is  that 
to  which  specific  gravities  are  usually  referred,  a cubic  inch  of  water  weighs 
252*458  grains;  or  at  60°,  the  cubic  inch  weighs  almost  exactly  252*5  grains, 
and  the  cubic  foot  998*217  ounces  avoirdupois^  which  is  so  near  1000, 
that  the  specific  gravity  of  any  substance,  in  reference  to  water,  is  very 
nearly  the  absolute  Aveigbt  of  one  cubic  foot  of  such  substance  in  avoirdu- 
pois ounces.  The  specific  gravity  of  gold,  for  instance,  is  19*3,  in  reference 
to  Avater  as  unit}*,  and,  therefore,  a cubic  foot  of  gold  Aveigbs  nearlij 
19,300  ounces.  Water  is  about  815  times  heavier  than  atmospheric  air. 
Water  at  mean  temperature  is  also  assumed  as  the  unit  to  Avhich  the 
specific  heats  of  bodies  (p.  61),  especially  of  solids  and  liquids,  are  usually 
referred:  the  specific  heat  of  Avater  has  been  ascertained  Avith  much 
precision  by  Regnault.  {Ann.  Ch.  et  Pk.^  Lxxiii.  .35.) 

Water  is  susceptible  of  compression,  as  Avas  originally  shoAvn  by 
Canton.  Perkins  states  that  a pressure  of  2000  atmospheres  occasions  a 
diminution  of  l-12th  its  bulk.  {Phil.  Trans. 1820.)  This  subject  has 
been  more  recently  examined  into  by  CErsted,  Avhose  results  differ  from 
those  of  Perkins  : the  estimate  of  the  latter  he  thinks  too  great.  {Edin. 
Jour.  Science.^  xii.,  201.)  According  to  his  experiments,  and  those  of 
Colladon  and  Sturm,  {Ann.  Ch.  et  Ph..,  xxxvi.  140,)  its  absolute  dimi- 
nution of  bulk  for  each  atmosphere  is  51  *3-millionths  of  its  volume. 
It  is  stated  by  Dessaignes,  that  Avhen  Avater  is  submitted  to  very  sudden 
compression,  it  becomes  luminous.  (Tiienakd,  Traite  de  Chimie.,  i.  432.) 

At  the  temperature  of  32°  Avater  congeals  into  ice,  Avhich,  if  sloAvly 
formed,  produces  needles  crossing  each  other  at  angles  of  60°  and  120°. 
Their  forms  are  various,  but  the  primitive  figure  has  not  been  ascertained, 
though  it  is  probably  rhomboidal.  The  specific  heat  of  ice  is,  according 
to  Desains,  about  half  that  of  Avater.  {Ann.  C/?.  P/?.,  July,  1845.)  The 

specific  gravity  of  ice  is  0*927  (Osann),  0*950  (Royer  and  Dumas), 
0*916  (Berzelius),  the  densest  ice,  obtained  by  freezing  Avater  deprived 
of  air,  being  ahvays  considerably  lighter  than  Avater.  According  to  Brunner, 
the  contraction  of  ice  by  diminution  of  temperature  exceeds  that  of  any 
other  solid:  its  density  at  32°  being  0*918,  at  18°  it  is  0*919,  and  at  0°, 
0*920.  {Ann.  Ch.  et  Ph..,  Julj*,  1845.)  Ice  is  a non-conductor,,  or  nearly 
so,  of  electricity,  and  under  favorable  circumstances  becomes  electric  by 
friction.  (Farauay^’s  Exp.  Researches.,  4th  Series,  § 381  and  419.)  It 
is  a very  bad  conductor  of  heat.  In  freezing,  Avater  expands  Avith  such 
force  as  to  burst  very  thick  and  strong  vessels  in  Avhich  it  is  confined. 
The  rupture  of  iron  and  leaden  pipes  is  a familiar  instance  of  this  poAver. 
The  most  interesting  experiments  upon  the  subject  are  those  of  Major 
AVilliams.  {Edin.  Phil.  Trans.,  vol.  ii.)  Bomb-shells,  about  1.3  inches  in 
diameter,  and  more  than  2 inches  thick,  Avere  filled  Avith  water;  the  fuse- 
holes  Avere  then  plugged  Avith  iron-bolts,  and,  thus  charged,  Avere  ex- 
posed to  the  open  air  at  a temperature  betAveen  — 4°  and  — 19°.  At  the 
moment  of  congelation  the  plugs  Avere  throAvn  out,  and  the  ice  protruded 
through  the  fuse-hole.  When  the  plug  Avas  duly  secured,  the  shell  itself 
burst.  The  greatest  difference  observed  in  these  exjieriments  betAveen 
the  bulk  of  Avater  before  and  after  congelation  Avas  : 174  : 184.  Ex- 
posed to  the  air,  ice  loses  considerably  in  Aveight  by  evaporation.  Hail 
is  ahvays  crystallized  in  the  form  of  tAAm  six-sided  pyramids,  applied 
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base  to  base;  the  faces  of  tbe  two  pyramids  meet  at  angles  of  about 
80°,  and  one  of  the  pyramids  is  always  truncated.  (Smithson,  Ann.  of 
Phil..,  2nd  series,  v.  340.) 

If  water  be  exposed  to  heat  in  open  vessels  it  boils,  or  is  converted 
into  steam,  at  212°,  the  barometer  being  at  30  inches;  but  the  boiling- 
point  of  water  varies  considerably  with  the  pressure  (p.  173,)  and  is 
singularly  influenced  by  the  air  which  it  contains,  and  by  other  causes 
affecting  its  adhesion  to  the  vessel  in  which  it  is  heated,  (Donny,  A7in. 
Ch.  et  Ph..,  Fevrier,  1846):  100  cubical  inches  w^eighing,  at  the  tem- 
perature of  212°,  and  under  mean  pressure,  14-96  grains,  or  at  60°, 
19-3409  grains. 

In  the  constitution  of  aqueous  vapor  or  steam,  Uvo  volumes  of 

hydrogen  and  one  of  oxygen  are  con- 
densed into  tivo  volumes,  as  in  the 
annexed  diagram.  The  specific  gra- 
vity, therefore,  of  steam  compared  with 
that  of  hydrogen,  is  as  9 to  1 : or  0-624 


in  reference  to  air  as  = I , for 

1 volume  of  hydrogen,  specific  gravity 0-0693 

5 « oxygen  „ 0-5546 


Specific  gravity  of  steam  therefore  = 0*6239 
At  mean  pressute,  and  at  the  temperature  of  212°,  the  bulk  of  steam  is 
1689  times  that  of  water.  ( p.  71  •) 

Water  enters  into  combination  with  a variety  of  substances,  and  is 
retained  with  various  degrees  of  force  : where  it  contributes  to  the  regular- 
form  and  transparency  of  crystallized  bodies,  it  is  termed q/"  crystal- 
lization (p.  6).  In  other  cases  the  compounds  which  wmter  forms  wdth 
substances  are  called  hydrates.,  as  with  many  of  the  metallic  oxides:  in  both 
cases  it  may  be  considered  as  one  of  the  constituents  of  the  bodies,  for  it 
exists  in  them  in  a definite  proportion.  But  water  is  often  only  mecha- 
nically retained  by  substances,  which  are  then  said  to  be  hygrometric., 
and  the  proportion  of  such  water  will  vary  with  the  texture  of  the  sub- 
stance, and  the  humidity  of  the  atmosphere  to  which  it  has  been  exposed  : 
it  is  often  necessary  to  deprive  substances  of  their  hygrometric  moisture, 
which  may  in  many  instances  be  done  by  simple  exposure  to  a sufficient 
heat;  but  where  the  substance  is  easily  decomposed,  the  heat  must  be 
kept  below  212°,  or  in  some  cases,  desiccation  must  be  performed  at  lower 
temperatures,  in  which  case  the  following  arrangement  may  be  employed: 


Hydrogen. 

Oxygen. 

Steam. 

1 

8 

9 
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The  substance  to  be  dried  is  introduced  into  tbe  glass  cylinder  a, 
wbicli  may  be  made  of  any  convenient  diameter  and  length,  and  im- 
mersed in  the  water-bath  b;  it  is  connected  at  one  end  with  the  stop- 
cock c of  the  gas-holder  d,  which  is  filled  with  water,  and  its  lower 
aperture  left  open,  so  that  as  the  water  flows  out,  it  draws  in  air  through 
the  vessel  a and  the  tube  e,  Avhich  latter  is  filled  with  pieces  of  fused 
chloride  of  calcium,  so  that  the  air  may  be  thoroughly  dried  before  it 
passes  over  the  contents  of  the  vessel  a. 

Water,  which  has  been  exposed  to  the  atmosphere,  always  contains 
a portion  of  air,  as  may  be  proved  by  boiling  it,  or  by  exposing  it  under 
the  exhausted  receiver  of  the  air-pump.  To  separate  the  air,  the  water 
must  be  continuously  boiled  in  vacuo,  for  it  is  very  obstinately  retained. 
(Donny,  Ann.  Ch.  et  Ph..^  Fev.  1846.)  It  absorbs  oxygen  gas  in  pre- 
ference to  atmospheric  air  or  nitrogen,  and,  when  the  air  is  expelled  by 
boiling,  the  last  portions  contain  more  oxygen  than  those  first  given  ofl’. 
(Humboldt  and  Gay  Lussac,  Journal  cle  Physique^  1805.)  It  is  by  the 
oxygen  thus  dissolved  in  water  that  the  blood  of  fishes  is  aerated,  and 
as  at  great  altitudes  the  quantity  of  the  air  in  Avater  is  very  small,  in 
consequence  of  diminished  pressure,  it  is  found  that  fishes  never  thrive 
in  alpine  lakes. 

]\Ir.  Dalton  states,  that  100  cubical  inches  of  spring  water  afford 
about  tAvo  inches  of  air,  Avhich,  after  losing  from  5 to  10  per  cent,  of  car- 
bonic acid  by  the  action  of  lime-Avater,  consists  of  38  per  cent,  oxygen 
and  62  nitrogen.  {New  System.,  271.)  Dr.  Henry  obtained  4*76  cubic 
inches  of  gas  from  100  of  the  water  of  a deep  spring,  of  Avhich  3*38  Avere 
carbonic  acid  gas,  and  1'38  air,  of  the  same  standard  as  that  of  the 
atmosphere.  There  can,  hoAvever,  be  no  doubt,  that  the  aeriform  contents 
of  different  springs  vary  both  in  quantity  and  quality. 

The  folloAving  Table  exhibits  the  quantity  of  different  gases  Avhich 
Avater  is  capable  of  absorbing  at  mean  temperature  and  pressure,  the 
Avater  being  previously  deprived  of  air  by  long  boiling. 


gases. 

100  Volumes  of  Water 
absorb 

AUTHORITY. 

Oxygen  

3’7  volumes 

Dalton. 

Chlorine 

200 

Gay  Lussac. 

Oxide  of  chlorine  

800 

Stadion. 

Hydrogen  

1-56 

Henry. 

Hydrochloric  acid 

50000  average 

Davy. 

Hydriodic  acid  

Nitrogen  

1-56 

Henry. 

Nitrous  oxide  

100 

Ditto. 

Nitric  oxide  

Nitrous  acid  

Ammonia  

Sulphurous  acid 

5 

67000  average 

3000 

Davy. 

Sulphuretted  hydrogen 

100 

Dalton. 

Phosphuretted  hydrogen  

2-14 

Henry. 

Do 

12 

Davy. 

Carbonic  oxide  

Carbonic  acid 

2 aA'erage 

100 

Dalton. 

Carburetted  hydrogen  

12-5 

Dalton. 

Cyanogen  

450 

Gay  Lussac. 

Fluoboric  acid  

70000 

John  Davy. 

Fluosilicic  acid 

35000 

Saussure. 

Hydroselenic  acid 

300 

Berzelius. 
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The  great  importance  of  water  as  a natural  and  artificial  agent,  both 
mechanical  and  chemical,  must  be  sufficiently  obvious.  The  manner  in 
which  its  changes  of  state  or  form  influence  the  temperature  of  the  globe, 
will  be  evident  by  a reference  to  the  details  given  in  the  section  on  heat. 
When  it  freezes,  the  expansion  which  it  suffers,  and  the  force  with  which 
its  particles  arrange  themselves  in  the  crystalline  form,  are  often  actively 
concerned  in  the  disintegration  and  decay  of  rocks  and  strata,  and  in  the 
production  of  soils.  Water  is  a most  general  and  useful  solvent,  espe- 
cially of  saline  bodies,  the  relative  solubilities  of  which  will  be  stated 
under  their  individual  chemical  history.  It  is  also  an  important  vehicle 
of  other  more  fixed  substances  in  the  form  of  vapor : there  are  many 
saline  substances,  fixed  in  themselves,  but  of  which  minute  portions  rise 
along  with  the  vapor  of  water  during  the  ebullition  of  their  solutions, 
and  the  volatile  oils,  many  of  which  have  boiling  points  greatly  above 
that  of  water,  readily  pass  over  in  large  quantities,  when  associated  with 
steam.  It  has  been  assumed  by  some  that  plants  may  possibly  derive 
portions  of  their  fixed  ingredients  from  atmospheric  sources  ; but  although 
some  fixed  salts  no  doubt  are  carried  up  in  small  quantities  when  their 
solutions  are  boiled,  it  by  no  means  follows  that  they  should  also  thus 
rise  along  with  the  vapor  of  water  generated  at  much  lower  tempera- 
tures. Considered  as  a chemical  agent,  water  is  frequently  resolved  into 
its  elements;  these  are  sometimes  respectively  concerned  in  the  production 
of  new  compounds:  when  chloride  of  phosphorus,  for  instance,  acts 
upon  water,  its  chlorine  combines  with  the  hydrogen  to  form  hydrochloric 
acid,  and  the  phosphorus  and  oxj^gen  unite  to  form  phosphorous  acid. 
In  other  cases  bodies  decompose  water  by  the  absorption  of  oxygen  only, 
and  the  hydrogen  is  liberated  ; but  there  is  no  instance  in  which  the 
hydrogen  is  absorbed,  and  the  oxygen  evolved. 

• • 

Peroxide  of  Hydrogen.  Oxygenated  Water.  IIO2  or  H.  This 
singular  compound  was  discovered  by  Thenard,  in  1818:  he  obtained  it 
by  dissolving  the  pcmrit/e  of  barium  in  hydrochloric  acid  and  water,  and 
adding  sulphuric  acid,  by  which  the  jorotoxide  of  barium  is  precipitated 
in  the  state  of  sulphate,  and  the  excess  of  oxygen  transferred  to  the 
water : by  several  repetitions  of  this  process  the  Avater  is  gradually 
saturated  Avith  oxygen.  There  are  so  many  difficulties  attending  the 
whole  process,  that  it  has  been  seldom  repeated,  and  Ave  know  little  of 
the  nature  of  this  extraordinary  compound,  except  through  the  original 
essays  of  its  discoverer : it  has  been  surmised,  from  its  properties,  and 
mode  of  formation,  that  it  may  be  an  aqueous  solution  of  liquid  oxygen  ; 
Thenard,  hoAvever,  regards  it  as  a definite  combination  of  hydrogen  and 
oxygen,  in  Avhich  one  atom  of  the  former  is  combined  Avith  two  of  the 
latter,  as  folloAvs  : — 


Thenard.  Volumes. 

Hydrogen 1 ....  1 ....  5'9  ....  fi‘02  ....  1 

Oxygen  2 ....  IG  ....  94*1  ....  93-98  ....  1 


Peroxide  of  Hydrogen  .1  17  100  0 100 ’00 

Much  of  the  success  of  the  process  for  obtaining  this  compound 
depends  upon  the  purity  of  the  peroxide  of  bariuin : the  folloAving 
details  are  from  Thenard’s  memoir.  (A?in.  Ch.  et  Ph.^  Auii.  ix.  x.  and 
L.;  Thenard’s  Traiie  de  Chim.^  Ed.  4,  ii.,  p.  41.) 
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To  obtain  pure  peroxide  of  barium,  prepare  a pure  nitrate  of  baryta, 
and  give  it  a strong  heat  in  a porcelain  vessel,  by  which,  baryta,  not 
quite  pure,  but  eojitaining  traces  of  silica  and  alumina  but  no  manganese, 
will  be  obtained  ; the  latter  impurity  must  always  be  most  cautiously 
I avoided,  for  oxide  of  manganese  possesses  the  property  of  energetically 
decomposing  the  oxygenated  -water.  The  baryta,  broken  into  small  pieces, 
is  then  introduced  into  a luted  glass  tube  (the  glass  should  not  contain 
lead)  large  enough  to  contain  about  two  pounds  of  it,  and  being  heated 
to  dull  redness,  a current  of  dry  and  perfectly  pure  oxygen  gas  is  passed 
through  it,  which  it  rapidly  absorbs ; this  operation  is  to  be  continued 
till  the  oxygen  escapes  from  a small  tube  inserted  into  the  opposite 
extremity  of  the  larger  one.  The  peroxide  of  harium  thus  obtained  is 
pale  gray,  and  frequently  some  pieces  are  speckled  with  green,  which 
announces  the  presence  of  manganese,  and  which  should  be  rejected  : its 
distinctive  character  is,  that  it  crumbles  when  a few  drops  of  water  are 
added  to  it,  without  producing  heat. 

The  process  then  proceeds  as  follows.  Take  a certain  quantity  of 
water,  (about  eight  ounces  for  instance,)  and  add  to  it  a sufficiency  of 
pure  and  fuming  hydrochloric  acid  to  dissolve  about  230  grains  of  baryta: 
put  this  acid  liquor  into  a glass  vessel,  which,  during  the  operation,  must 
be  surrounded  by  ice:  then  take  about  185  grains  of  the  peroxide,  rub  it 
into  a fine  paste  with  a little  water  in  an  agate  mortar,  and  put  it  into 
the  acid  liquor  with  a box-wood  spatula:  it  soon  dissolves  without  effer- 
vescence: to  this  solution  add  pure  sulphuric  acid,  drop  by  drop,  stirring 
it  with  a glass  rod,  till  it  is  in  slight  excess,  which  is  known  by  the 
readiness  with  which  the  sulphate  of  baryta  falls  : then  dissolve  a second 
portion  of  the  peroxide  and  precipitate  as  before,  taking  care  to  use 
enough,  but  not  too  much,  sulphuric  acid.  The  liquor  is  now  to  be 
filtered,  and  the  residue  washed  with  a little  water,  so  as  to  keep  up  the 
original  measure  by  adding  it  to  the  first  portion  : a second  and  third 
washing  of  the  residue  with  very  small  quantities  of  water  may  be 
advisable,  and  these  liquors  should  be  kept  apart  for  the  purpose  of 
Avashing  the  filters  in  subsequent  operations. 

A fresh  portion  of  the  peroxide  is  then  dissolved  in  the  filtrated 
liquor  and  decomposed  as  before,  filtering  at  every  two  operations,  and 
washing  the  filter  Avith  the  savings  of  the  others  ; Ave  thus  proceed  till 
the  Avater  is  sufficiently  oxygenated.  When  about  tAvo  pounds  of  the 
peroxide  have  been  consumed,  the  Avater  Avill  be  united  to  about  thirty 
times  its  volume  of  oxygen,  Avhich  is  as  much  as  it  Avill  retain,  unless 
some  hydrochloric  acid  be  added,  in  A\diich  case  M.  Thenard  has  made  it 
retain  125  volumes. 

AVh  en  the  Avater  is  sufficiently  oxygenated,  it  is  retained  in  the  ice, 
and  supersaturated  Avith  the  peroxide  of  barium,  Avhich  occasions  the 
separation  of  floeculi  of  silica  and  alumina,  colored  Avith  a little  oxide 
of  iron  and  of  manganese;  the  Avhole  is  then  filtered  as  quickly  as 
possible,  and  returned  into  the  A^essel  surrounded  by  ice  ; the  baryta  is 
separated  by  sulphuric  acid;  and  pure  sulphate  of  silver  is  added,  to 
separate  the  hydrochloric  acid,  upon  Avhich  the  liquid,  before  milky, 
becomes  suddenly  clear.  The  sulphuric  acid  is  ultimately  separated  by 
baryta,  the  liquor  filtered,  and  ])laced  in  a shalloAv  vessel,  under  the  air- 
pump  receiver,  including  a basin  of  sulphuric  acid ; the  receiver  being 
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exhausted,  the  water  evaporates  and  is  absorbed  by  the  acid,  while  the 
peroxide  of  hydrogen^  being  less  vaporisable,  remains  : if  it  give  out  any 
oxygen,  wliich  sometimes  happens,  from  its  containing  impurities,  a drop 
or  two  of  weak  sulphuric  acid  will  prevent  its  further  evolution. 

The  peroxide  of  hydrogen  thus  concentrated  has  the  following  pro- 
perties: its  specific  gravity  is  T45  ; it  is  colorless  and  inodorous;  it 
blisters  the  cuticle  of  the  tongue,  and  has  a peculiar  metallic  taste.  It 
does  not  congeal  when  exposed  to  cold,  unless  diluted.  It  is  rapidly 
decomposed  at  a heat  below  212°,  and  very  sloAvly  at  ordinary  tempera- 
tures ; it  may  he  long  kept  at  32°.  It  is  decomposed  by  the  voltaic  pile 
with  the  same  phenomena  as  water.  (?)  It  is  decomposed  by  all  metals 
except  iron,  tin,  antimony,  and  tellurium  ; the  metals  should  he  finely 
divided,  or  in  powder  : silver  and  oxide  of  silver  decompose  it  very 
suddenly  with  the  evolution  of  heat  and  light : platinum  and  gold  pro- 
duce the  same  phenomena;  lead  and  mercury  slowly  separate  the  oxygen. 
Orpiment  and  powdered  sulphuret  of  molybdenum  act  upon  it  with  the 
same  violence  as  silver ; the  peroxides  of  manganese  and  of  lead  also 
occasion  its  instant  decomposition. 

Suboxide  op  Hydrogen.  H2O.  Paul  succeeded  in  condensing  1 
volume  of  hydrogen  into  3 volumes  of  water ; and  De  Marty  states  that 
water  gradually  combines  with  hydrogen,  taking  up  in  the  course  of  two 
years  nearly  its  own  volume.  Graelin  therefore  {Hcnidbuch^  i.  533,) 
infers  the  existence  of  a suboxide,  which,  according  to  Kastner  {Ber- 
liner Jahrhuch^  1820),  is  also  formed  by  repeatedly  saturating  cooled  water 
with  sulphuretted  hydrogen,  and  abstracting  the  sulphur  by  proper  metals. 

Hydrogen  and  Chlorine.  Hydrochloric  Acid.  Muriatic  Acid. 
Chlorhydric  Acid'^.  HCl.  When  equal  volumes  of  hydrogen  and 
chlorine  are  mixed,  and  exposed  to  light,  they  slowly  combine,  and 
produce  hydrochloric  acid  gas.  If  the  mixture  be  exposed  to  the  direct 
solar  rays,  detonation  often  ensues,  as  was  first  remarked  by  Gay 
Lussac  and  Thenard.  {Recherches  Physico-Chirniqnes.^  ii.  129.)  It 
also  frequently  detonates  when  suddenly  exposed  to  the  intense  light 
of  the  voltaic  discharge  passing  between  charcoal  points,  and  if  the  ex- 
periment be  made  in  a tube  over  water,  a peculiar  vibratory  motion  of 
the  surface  of  the  water  in  the  tube  is  generally  observed,  previous  to 
the  explosion.  That  direct  solar  light  is  not  necessary  to  effect  this  com- 
bination has  been  shown  by  Professor  Silliman,  {American  Journal  of 
Science^  iii.  342;  Ann.  Phil.,  xix.  153,)  ivho  relates  a case  of  the  ex- 
plosion of  the  mixed  gases  in  dull  and  cloudy  daylight.  This  fact  fur- 
nishes a caution  against  mixing  any  considerable  quantities  of  chlorine  and 


* This  is  a hydrogen-acid,  or  hydracid, 
of  which  there  are  several ; some  with 
simple,  others  with  com})Ound  bases ; 
iodine,  bromine,  and  fluorine,  form  with 
hydrogen  acids  analogous  to  the  hydro- 
chloric, and  these  constitute  an  important 
and  well-defined  group ; sulphur,  sele- 
nium, arsenic,  tellurium,  phosphorus,  and 
a few  other  substances,  form  a second 
group ; and  a third  includes  the  hydracids 
with  compound  bases,  such  as  the  hydro- 
cyanic, &c.  The  hydracids  do  not  com- 


bine with  basic  oxides  to  produce  salts,  but 
when  they  act  on  such  oxides,  a mutual 
decomposition  of  the  oxide  and  of  the  acid 
ensues  : thus  when  soda  (oxide  of  sodium) 
is  added  to  hydrochloric  acid,  the  sodium 
of  the  base  and  the  chlorine  of  the  acid 
unite  to  form  chloride  of  sodium,  and  the 
oxygen  of  the  base  and  the  hydrogen  of  the 
acid  form  water.  So  also  when  hydrocy- 
anic acid  and  oxide  of  silver  react  upon 
each  other,  water  and  cyanide  of  silver  are 
the  results. 
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! hydrogen.  The  agency  of  light  on  these  gases  may  be  beaiitifnlly  shown 
by  filling  a tube,  about  half  an  inch  in  diameter,  and  twelve  inches  long, 
with  the  mixed  gases,  and  alternately  shading  it  with  an  opaque  cover, 
and  exposing  it  to  the  sun’s  rays.  The  moment  the  tube  is  exposed  even 
to  the  diffused  light  of  day,  a cloudiness  appears  within  it,  and  the  water 
I ascends  more  or  less  rapidly,  according  to  the  intensity  of  the  light. 

' The  effect  even  of  a passing  cloud  is  distinctly  seen  in  retarding  the 
i rapidity  of  the  combination,  which  is  very  striking  in  the  full  solar  light. 

! (Henry,  Elements^  vol.  i.)  Seebeck  states  that  the  mixed  gases,  ex- 
posed to  the  sun’s  rays  in  a tube  of  violet-colored  glass,  combine  rapidly, 
but  Avithout  explosion,  and  that  in  a tube  of  red  glass  they  scarcely  act 
upon  each  other.  Under  the  perfect  exclusion  of  light  the  gases  do  not 
combine.  According  to  Dobereiner,  a mixture  of  I volume  of  hydrogen 
with  1*5  chlorine  explodes  more  readily  than  equal  A*olumes.  Draper’s 
aciinomeier  is  founded  upon  this  action  of  radiant  matter. 

The  best  mode  of  showing  the  composition  of  hydrochloric  acid,  is  to 
introduce  into  a small  but  strong  glass  vessel  a mixture  of  equal  volumes 
of  the  tAVO  gases,  and  to  inflame  them  by  the  electric  spark;  no  change 
of  A'olume  ensues,  and  hydrochloric  gas  results:  the  apparatus  shoAvn  at 
fig.  230  may  be  used  for  this  purpose.  Or  a jet  of  hydrogen  may  be  in- 
flamed and  introduced  into  a jar  of  chlorine  ; during  its  combustion  the 
yelloAV  color  of  the  chlorine  disappears,  and  hydrochloric  acid  is  formed. 
The  mixed  gases  do  not  explode  under  the  influence  of  spongy  platinum, 
at  common  temperature. 

Sir  H.  Davy  found  that  the  heat  evolved  during  the  combustion  of 
a mixture  of  equal  volumes  of  chlorine  and  hydrogen  exceeded  that 
produced  by  a mixture  of  oxygen  and  hydrogen,  and  that  the  former 
mixture  aaus  inflamed  at  a loAver  temperature,  and  Avould  bear  much 
greater  rarefaction  than  the  latter,  Avithout  losing  its  explosive  property. 
Oxygen  and  hydrogen  ceased  to  explode  Avhen  rarefied  18  times,  but 
chlorine  and  hydrogen  retain  their  combustibility  Avhen  rarefied  24  times. 

By  passing  a succession  of  electric  sparks  through  hydrochloric  acid 
gas  Dr.  Henry  effected  its  partial  decomposition,  and  Avhen  it  had  gone 
to  a certain  extent,  the  gases  again  combined : he  also  found,  that  by 
passing  a mixture  of  oxygen  and  hydrochloric  acid  gas  through  a red-hot 
porcelain  tube,  or  by  the  transmission  of  electric  sparks,  Avater  was  formed 
and  chlorine  evolved.  At  the  temperature  of  250°,  the  same  change  Avas 
produced  upon  the  mixture  by  spongy  platinum.  {Phil.  Trans..)  1812 
and  1824.) 

Hydrochloric  acid  gas  may  also  be  decomposed  by  the  action  of  several 
of  the  metals.  (Davy,  Phil.  Trans.)  1810.)  Potassium,  for  instance, 
absorbs  the  chlorine,  and  the  hydrogen  is  evoh'ed.  This  experiment  is 
best  made  by  introducing  a piece  of  potassium  into  a small  retort,  Avhich 
is  then  to  be  exhausted  and  filled  Avith  hydrochloric  acid  gas  from  a jar 
standing  over  mercury.  The  potassium  generally  takes  fire,  but  is  some- 
times preA'ented  burning  by  the  formation  of  a film  of  chloride  of  potas- 
sium, and  then  rerj[uires  to  be  heated,  Avhich,  hoAvcA^er,  should  be  done 
carefully,  as  the  retort  is  apt  to  break  in  consequence  of  the  intensity  of 
the  combustion  that  ensues ; an  accident,  hoAvever,  AA^ich  may  be  pre- 
vented by  placing  the  potassium  in  a small  platinum  capsule.  hen  it 
has  cooled  it  Avill  be  found  that  the  residuary  gas  is  hydrogen ^ equal  to 
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half  the  original  hulk  of  the  liydrochloric  acid.  If  a piece  of  burning 
potassium  be  introduced  in  a small  copper  spoon  into  a bottle  filled  with 
hydrochloric  acid  gas,  the  metal  continues  in  vivid  combustion,  and  the 
evolved  hydrogen  at  the  same  time  takes  fire,  and  sometimes  burns  at  the 
neck  of  the  bottle.  Tin  and  lead  heated  in  the  gas  also  effect  its  de- 
composition, and  evolve 
(‘xactly  half  its  bulk  of 
hydrogen.  The  greater 
number  of  metallic  oxides 
when  heated  in  gaseous 
hydrochloric  acid,  decom- 
pose it;  metallic  chlorides  are  formed,  and  the  oxygen  of  the  oxide  com- 
bining with  the  hydrogen  of  the  acid  forms  water. 

The  specific  gravity  of  hydrogen  to  chlorine  is  as  I to  36 ; and  one 
volume  of  hydrogen  and  one  of  chlorine  combine  to  form  two  volumes 
of  hydrochloric  acid  gas,  as  shown  in  the  above  diagram ; or  (according  to 
Davv,  and  to  Gay  Lussac  and  Thenard),  hydrochloric  acid  gas  consists  of 

Volumes.  Sp.  Gr. 

Hydrogen  1 1 2*7  I 0'069 

Chlorine 1 3G  97*3  1 2-450 

Hydrochloric  acid  1 37  lOO’O  2 1-262 

This  gas  was  discovered  by  Priestley  in  1 772  : it  is  generally  procured 
by  acting  upon  common  salt,  or  sal-ammoniac,  by  sulphuric  acid;  it  must 
be  received  over  mercury.  The  salt  should  be  put  in  fragments  into  a 
small  tubulated  retort,  -which  may  be  one-fourth  filled  with  it : the  sul- 
phuric acid  should  barely  cover  the  pieces  of  salt;  the  gas  is  instantly 
extricated,  and  when  its  evolution  slackens,  it  may  be  quickened  by  the 
gentle  heat  of  a lamp.  It  is  convenient  to  put  a long  strip  of  folded 
blotting-paper  into  the  neck  of  the  retort,  which  absorbs  any  liquid  that 
may  chance  to  go  over,  and  prevents  its  soiling  the  mercury.  With  a 
little  practical  dexterity,  clean  and  dry  bottles  may  be  conveniently  filled 
with  this  gas  by  displacement  as  described  at  page  269. 

As  the  specific  gravity  of  hydrochloric  acid  gas  compared  with  air  is 
1*262;  and  as  it  consists  of  equal  volumes  of  hydrogen  and  chlorine 
combined  without  change  of  volume,  100  cubical  inches  must  weigh 
39’36  grains ; for 

50  cubic  inches  of  hydrogen  weigh  1*069 

50  „ chlorine  „ 38*299 

100  „ hydrochloric  acid  gas  „ 39*368 

According  to  Thomson,  100  cubic  inches  at  32'^  weigh  42*126  grains. 

Although  permanently  gaseous  at  all  common  temperatures  and  pres- 
sures, Mr.  Faraday  liquified  this  gas  by  generating  it  in  a sealed  tube,  so 
as  to  expose  it  to  a pressure  of  about  40  atmospheres  at  50°.  It  was 
colorless,  and  possessed  a refractive  po^ver  inferior  to  that  of  water.  He 
could  not  succeed  in  solidifying  it.  {Phil.  Trans, ^ 1823;  and  1845,  p.  163.) 

Hydrochloric  acid  gas  is  perfectly  unrespirable ; it  extinguishes  the 
flame  of  a taper,  and  is  itself  uninflammable.  It  irritates  the  skin.  It 
has  a strong  attraction  for  water;  and  when  it  escapes  into  the  air  it  forms 
visible  fumes,  arising  from  its  combination  with  aerial  vapor.  A piece 
of  ice  let  up  into  the  gas  over  mercury,  immediately  liquifies  and  absorbs 


Hydrogen. 

Chlorine. 

1 

36 

Hydrochloric  Acid. 
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it  : and  if  a tall  jar  of  the  gas  be  carefully  transferred,  with  its  mouth 
: downwards,  from  the  mercurial  to  the  water-trough,  the  water  instantly 
I rushes  in  with  violence,  and  fills  it.  Litmus-paper  is  powerfully  reddened 
I by  this  gas,  and  turmeric-paper  receives  from  it  a brown  discoloration 
not  unlike  the  eilect  of  an  alkali. 

AYater  takes  up  480  or  500  times  its  hulk  of  hydrochloric  acid  gas, 
and  has  its  specific  gravity  increased  from  1 to  1*210.  (H.  Davy.)  This 
may  be  shown  by  throwing  up  a few  drops  of  water  into  a tall  jar  of  the 
gas  standing  over  mercury;  the  gas  disappears,  and  the  mercury  fills  the 
vessel.  There  is  considerable  elevation  of  temperature  during  this  con- 
densation of  the  gas. 

For  saturating  any  quantity  of  water  with  gases  which  are  easily 
soluble  in  that  fluid,  we  generally  employ  Woulfes  apparatii.?^  one  form 
of  which  is  shown  in  the  annexed  cut.  a is  a tubulated  retort,  in  which 


the  materials  producing  the  gas  or  vapor  are  contained;  h,  a receiver 
communicating  by  a bent  tube  with  the  three-necked  bottle  c,  which  is 
connected  also  by  a tube  with  d.  These  bottles  are  about  half-filled  with 
water,  or  other  fluid  intended  to  be  saturated  with  the  gas;  when 
that  in  c has  become  saturated,  it  passes  into  d,  and  afterwards  through 
the  tube  c,  whicli  may  be  so  arranged  as  to  convey  away  the  superfluous 
gas.  In  case  absorption  should  take  place  in  the  vessels  a or  the 
pressure  of  the  external  air  might  force  the  water  from  d into  c,  and 
from  c into  the  balloon  h.  This  is  prevented  by  the  safety-tubes  f 
which,  dipping  not  more  than  half  an  inch  under  the  surface  of  the  water, 
alloAv  a little  air  to  enter,  so  as  to  compensate  for  the  absorption.  The 
different  joints  may  be  secured  either  by  grinding,  or  by  well-cut  corks 
rendered  tight  by  a mixture  of  drying- oil  and  pipe-clay. 

When  gaseous  hydrochloric  acid  is  thus  dissolved  in  water,  it  forms 
the  liquid  hydrochloric  acid,  commonly  called  muriatic  acid  or  spirit 
of  salt,  which  was  discovered  by  Glauber  about  the  middle  of  the 
seventeenth  century.  It  is  generally  procured  by  distilling  a mixture 
of  dilute  sulphuric  acid  and  common  salt.  The  proportions  directed 
in  the  London  Pharmacopoeia  are  Gvo  pounds  of  salt  and  20  ounces 
of  sulphuric  acid,  diluted  with  12  ounces  of  water.  The  retort  con- 
taining these  ingredients  may  be  luted  on  to  a receiver,  containing 
the  same  quantity  of  water  used  in  diluting  the  sulphuric  acid,  and  the 
distillation  carried  on  in  a sand-bath.  The  specific  gravity  of  the  product 
is  stated  to  be  MOO,  and  100  grains  of  it  should  be  saturated  by  132 
grains  of  crystallized  carbonate  of  soda.  The  quantity  of  real  acid  in 
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hydrochloric  acid  of  different  densities  is  best  ascertained  by  the  quantity 
of  pure  carbonate  of  lime  (Carrara  marble,  for  instance),  which  a given 
weight  of  the  acid  dissolves.  Every  50  grains  of  the  carbonate  are  equi- 
valent to  37  of  real  acid. 

In  preparing  this  acid  upon  the  large  scale  an  apparatus  of  earthen- 
ware is  sometimes  used,  similar  to  that  described  under  the  article  Nitric 
Acid;  the  market,  however,  might  easily  be  supplied  with  hydrochloric 
acid  to  any  amount,  were  the  demands  adequate;  for  in  the  operations 
in  Avhicli  common  salt  is  decomposed  for  the  manufacture  of  carbonate 
of  soda,  enormous  quantities  of  hydrochloric  acid  are  evolved,  and  often 
allowed  to  pass  into  the  chimney. 

When  this  acid  is  pure,  it  is  colorless,  but  it  generally  has  a yellow 
hue  arising  from  particles  of  cork  or  lute  that  have  accidentally  fallen 
into  it,  or  sometimes  from  a little  iron.  Dr.  Thomson  suggests  that  the 
pale  yellow  tint  occasionally  observed  in  this  acid  apparently  pure, 
may  possibly  arise  from  a trace  of  bromine,  derived  from  the  salt.  The 
acid  of  commerce  almost  always  contains  iron  and  sulphuric  acid,  and 
sometimes  nitric  and  sulphurous  acid.  The  iron  may  be  detected  by  the 
black  tint  produced  by  tincture  of  galls,  in  the  acid  previously  diluted  and 
saturated  by  carbonate  of  soda.  If  a solution  of  chloride  of  barium,  dropped 
into  the  diluted  acid,  occasion  a Avhite  cloud  or  precipitate,  it  announces 
sulphuric  acid.  The  presence  of  nitric  acid  (and  of  free  chlorine  and 
bromine  ?)  is  shown  by  boiling  some  gold-leaf  in  the  suspected  hydro- 
chloric acid,  and  then  dropping  into  it  a solution  of  protochloride  of 
tin,  Avhich,  if  nitric  acid  were  present,  produces  a purplish  tint,  shoAving 
the  gold  to  have  been  acted  upon,  which  it  is  not  by  pure  hydrochloric 
acid.  Sulphurous  acid  is  indicated  by  the  addition  of  a feAV  crystals  of 
protochloride  of  tin,  which,  after  standing,  produces  a broAvn  precipitate, 
containing  sulphur  in  combination  with  tin.  (Girardin.)  The  presence 
of  sulphurous  acid  is  also  indicated  by  adding  a little  solution  of  chloride 
of  barium,  filtering  off  any  sulphate  of  baryta  that  may  be  throAvn  doAvn, 
and  then  boiling  Avith  a little  nitric  acid,  Avhich  occasions  a fresh  preci- 
pitation of  sulphate  of  baryta.  (Gmelin.)  Free  chlorine  in  the  acid  dis- 
colors solution  of  indigo.  Saline  substances  may  be  detected  by  evaporating 
the  acid  to  dryness:  Avhen  pure,  it  leaves  no  residue.  Traces  of  arsenic 
may  also  exist  in  hydrochloric  acid  derived  from  the  sulphuric  acid  used 
in  its  formation.  [See  Arsenic.) 

The  highly-concentratedpiquid  acid  (sp.  gr.  1*20)  emits  copious  fumes 
Avhen  exposed  to  air,  and  boils,  according  to  Dalton,  at  a temperature  of 
about  112°*:  it  freezes  at  — 60°.  When  mixed  Avith  water,  it  occasions  a 
slight  elevation  of  temperature.  It  is  decomposed  by  many  substances 


* The 

variation  of  the 

boiling-point 

when  it  contains 

between  19 

and  20  per 

with  the 

density  of  hydrochloric  acid  is 

cent,  of  the  gas : 

the  strong  acid  becoming 

shown  in 

the  following  table  by  Dalton, 

weaker,  and 

the 

weak  acid 

stronger  by 

from  which  it  appears  that 

it  is  highest 

boiling. 

Sp.  Gi’. 

Boil.  pt. 

Sp.  Gr. 

Boil.  pt. 

Sp.  Gr. 

Boil.  pt. 

ITGG  . 

170° 

1T21  

228° 

1-035  

219° 

1T54  . 

190 

f094  

232 

1-018  

21G 

1T44  . 

212 

1-075  

228 

1-009  

214 

1T36  .. 

217 

1-064  

225 

M27  .. 

222 

1-047  

222 
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! containing  loosely- combined  oxygen,  such  as  chloric,  iodic,  and  bromic 
I acids,  and  several  of  the  metallic  peroxides.  Its  decomposition  by  per- 
: oxide  of  manganese,  for  the  production  of  gaseous  cldorine,  has  already 
i been  referred  to  : in  this  case,  oxygen  is  imj^arted  by  the  oxide  to  the 
I hydrogen  of  the  acid,  so  as  to  form  water,  and  the  chlorine  previously  in 
I combination  with  the  hydrogen  is  liberated;  at  the  same  time  a chloride 
I of  manganese  is  formed.  In  this  case,  I atom  of  peroxide  of  manganese, 

I and  2 atoms  of  hydrochloric  acid,  give  rise  to  the  production  of  2 atoms 
I of  water  and  1 atom  of  chloride  of  manganese,  1 atom  of  chlorine  being 


evolved.  The  elements 

which  are 

employed  are 

1 atom  Manganese 

..  = 28 

2 atoms  Hydrogen 

= 2 

2 atoms  Oxygen 

..  = 16 

2 „ Chlorine  

= 72 

1 atom  Peroxide  of 

1 = 44 

2 „ Hydrochloric 

[ = 74 

! Manganese 

acid 

The  products  of  their  mutual  reaction  are 

1 atom  Manganese 

. = 28 

2 atoms  Hydrogen 

— 2 

1 „ Chlorine 

..  = 36 

2 „ Oxygen 

— ]6 

1 „ Chloride  of 

^Manganese  

11 

Cl 

2 „ Water  

— 18 

1 atom  Chlorine  = 36, 
or,  in  symbols,  Mn02,  2HC1— MnCl,  2HO,  Cl. 

The  decomposition  of  hydrochloric  by  nitric  acid  will  be  afterwards 
explained. 

When  metallic  zinc  is  put  into  strong  liquid  hydrochloric  acid  it 
is  rapidly  decomposed,  and  the  hydrogen  copiously  evolved  may  be 
burned  as  it  escapes;  some  peroxide  of  lead  added  to  another  portion  of 
the  acid  immediately  disengages  chlorine^  which  may  be  shown  by  its 
bleaching  power  upon  a piece  of  paper  dipped  into  indigo  blue : this 
experiment  well  illustrates  the  separation  of  the  two  elements  of  the  acid. 
In  the  voltaic  circuit  its  chlorine  is  evolved  at  the  positive  electrode  or 
anode,  and  its  hydrogen  at  the  negative  electrode  or  cathode,  so  that  when 
thus  electrolysed  and  tinged  with  indigo,  a bleaching  effect  is  produced  at 
the  anode  (p.  222). 

Uncombined  hydrochloric  acid  exists  in  small  quantity  in  the  human 
gastric  juice;  it  is  not  found  in  nature  except  as  an  occasional  volcanic 
product.  The  principal  uses  of  this  acid  are  as  a medicine,  and  in  some 
of  the  arts,  Avhere  it  is  chiefly  employed  as  a solvent  of  metals.  It  has 
been  used  in  the  gaseous  state  as  a disinfectant,  but  is  more  annoying,  and 
less  efficient  than  chlorine;  indeed,  by  some,  its  disinfecting  powers 
have  been  altogether  denied.  It  is  extremely  injurious  to  vegetation: 
mixed  with  20,000  times  its  volume  of  atmospheric  air,  it  proves  fatal  to 
plants,  shrivelling  and  killing  all  the  leaves  in  twenty-four  hours. 
(Christison  and  Turner.) 

The  following  tables  by  Mr.  E.  Davy  and  by  Dr.  Thomson  show  the 
value  and  atomic  composition  of  hydrochloric  acid  of  different  densities ; 
Dr.  Ure,  in  his  Dictionary^  has  also  published  an  extended  table  upon 
the  same  subject;  the  data  upon  which  it  is  formed  and  several  important 
facts  connected  with  this  subject,  will  be  found  in  his  paper  relating  to  it 
in  the  Quarterly  Journal  of  Science  (xii.  286). 
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(Temp.  40°  Fah.,  Bar.  30.) 


Specific 

100  Grains  contain  of 

Gravity. 

Hydrochloric  Gas. 

1*21 

42-43 

T20 

40-80 

1T9 

38-38 

1-18 

36'3G 

IT7 

34-34 

1*16 

32-32 

115 

.30-30 

1-14 

28-28 

1T3 

26-26 

1*12 

24-24 

111 

22-30 

MO 

20-20 

109 

18-18 

1-08 

16-16 

107 

14-14 

1 06 

12-12 

1*05 

10-10 

104 

8-08 

Atoms  of 
Water  to  1 of 

Real  Acid  in 

Specific 

Acid. 

100  of  the  Liquid. 

Gravity. 

6 

40-66 

1-203 

7 

3700 

1-179 

8 

33-95 

1-162 

9 

31-35 

1-149 

10 

29-13 

1-139 

11 

27-21 

1-128 

12 

25-52 

1-119 

13 

24-03 

1-112 

14 

22-70 

1-106 

15 

21-51 

1-100 

16 

20-44 

1-096 

17 

19-47 

1-090 

18 

18-59 

1-086 

19 

1779 

1-082 

20 

17*05 

1-078 

T03 

102 

1-01 


C-OG 

404 

2*02 


It  appears  from  Dr.  Thomson's  table 
that  the  strongest  liquid  hydrochloric 
acid  contains  1 atom  of  real  acid  + 6 


atoms  of  water;  when  this  is  evaporated 
in  the  air,  acid  escapes,  and  it  comes,  according  to  Graham,  to  contain 
1 atom  of  acid  + 12  of  water.  According  to  Dr.  Clark,  the  acid  which 
is  unaltered  by  distillation  contains  about  16  atoms  of  water:  the  density 
of  the  vapor  of  this  acid  is  0*691,  so  that  it  consists  of  1 volume  of 
hydrochloric  gas,  combined  Avithout  change  of  bulk  Avith  8 volumes  of 
steam.  (Bineau,  Ann,  Ch.  et  Fh.^  Lxviii.  422.) 


Hydrogen  and  Iodine.  Hydriodic  Acid.  HI.  This  compound  of 
hydrogen  and  iodine  Avas  first  examined  by  DaA^y  and  Gay  Lussac. 
(Phil.  Trans..)  1814.  Ann.  de  Ch.)  xci.)  Hydriodic  acid  may  be  formed 
by  the  direct  union  of  its  elements,  as  by  passing  a mixture  of  hydrogen 
and  the  vapor  of  iodine  through  a red-hot  tube.  It  cannot  be  obtained 
by  the  action  of  sulphuric  acid  upon  iodide  of  sodium  or  potassium, 
because  the  hydriodic  and  sulphuric  acids  partially  decompose  each  other, 
evolving  iodine,  and  forming  sulphurous  acid  and  AA^ater.  It  is  most  easily 
procured  by  the  mutual  action  of  Avater,  phosphorus,  and  iodine;  or, 
Avhat  amounts  to  the  same  thing,  by  the  action  of  iodide  of  phosphorus  on 
Avater.  In  thus  procuring  it,  it  is  convenient  to  use  a tube  retort,  into 
the  bulb  of  which  is  introduced  the  moist  iodine,  and  a small  stick  of 
phosphorus,  about  a tenth  part  of  the  Aveight  of  the  iodine,  placed  in  the 
neck  above  it,  Avhich  can  be  shaken  down  upon  the  iodine  Avhen  the  beak 
of  the  tube  or  retort  is  placed  under  the  inverted  jar ; a quantity  of  the 
gas  is  instantly  generated,  and  a further  portion  is  obtained  on  applying 
the  flame  of  a spirit-lamp.  In  this  case  decomposition  of  the  Avater  and 
of  the  iodide  ensue,  and  phosphorous  and  hydriodic  acids  are  the 
results.  Upon  the  same  principle  it  may  be  obtained  by  previously 
preparing  iodide  of  phosphorus,  and  gently  heating  it  Avith  a little 
Avater;  if  too  high  a temperature  be  used,  phosphuretted  hydrogen  is 
also  given  off. 
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jMillon  recommends  gently  heating  a mixture  of  1 part  of  phos- 
phorus, 14  of  iodide  of  potassium,  20  of  iodine,  and  a little  Avater : 
the  formula  of  the  action  is  2 KI + 5 I + P -f  7 HO  — 2 K0,P05 -f  7 HI- 
(Gmelin.) 

According  to  D’Arcet,  hydriodic  acid  gas  may  be  obtained  A^ery  pure 
by  the  folloAAung  process;  Hydrophosphorous  acid  is  to  be  evaporated 
I until  upon  the  point  of  evolving  phosphuretted  hydrogen  gas.  It  is  then 
to  be  put,  Avith  its  AA^eight  of  iodine,  into  a small  tube  retort;  the  gas  is 
liberated,  upon  applying  a gentle  heat:  100  grains  of  the  acid,  and  100 
of  iodine,  atforded  120  cubical  inches.  The  residue  of  the  operation  is  a 
mixture  of  phosphoric  acid  and  of  the  compound  of  hydriodic  acid  and 
phosphuretted  hydrogen.  (A7i?i.  Ch,  et  Ph.,  xxxvii.  220.) 

Whichever  process  is  folloAved,  if  the  gas  be  received  over  mercury  it 
should  be  transferred  as  fast  as  possible  into  an  exhausted  vessel,  as  it  is 
otherwise  soon  decomposed.  It  may  often  be  conveniently  collected  by 
displacement,  in  dry  phials,  Avithout  a mercurial  trough,  as  in  the  method 
described  at  p.  269. 

Hydriodic  acid  gas  is  colorless,  sour,  exhales  fumes  in  the  air,  and 
smells  like  hydrochloric  acid.  It  strongly  reddens  vegetable  blues.  Its 
specific  gravity  compared  Avith  air  is  as  4*4024  to  I ; 4*3757  (Thomson), 
4*4429  (Gay  Lussac)  ; 100  cubic  inches  Aveigh  about  136  grains  (or 
142*4  grains  at  the  temperature  of  32°.  Thomson.)  Compared  Avith 
liydrogen,  its  specific  gravity  is  as  63*5  to  1.  It  extinguishes  flame,  and 
is  not  itself  inflammable.  It  is  liquifiable  under  pressure,  (Kemp, 
Phil.  Mag.  Sj"  Jour.,  vii.  444,)  and  becomes  a transparent  colorless  solid 
at  about  — 60°;  at  a point  a little  higher  it  becomes  a clear  liquid,  and 
this  point  is  close  upon  that  Avhich  corresponds  to  a vaporous  pressure  of 
one  atmosphere;  at  0°,  its  pressure  Avas  = 2*9,  at  32°  = 3*97,  and  at 
60°  = about  5*86  atmospheres.  (Faraday.  Phil.  Trans.,  1845,  p.  161.) 
It  is  not  permanent  at  a red  heat,  for  Avheii  passed  through  a red-hot 
porcelain  tube  it  is  partially  resolved  into  iodine  and  hydrogen. 

Hydriodic  gas  is  rapidly  and  abundantly  absorbed  by  Avater,  but  in  Avhat 
exact  proportion  has  not  been  determined.  The  saturated  solution,  ex- 
posed to  a temperature  beloAv  260°,  becomes  concentrated  by  loss  of  Avater; 
at  about  260°  it  boils,  and  may  be  distilled.  The  specific  gravity  of  the 
strongest  liquid  acid  is  1*7-  It  becomes  dark-colored  Avhen  kept  in  con- 
tact Avith  air,  in  consequence  of  a partial  decomposition.  It  is  decom- 
posed by  chlorine  and  by  nitric  and  sulphuric  acid. 

The  aqueous  hydriodic  acid  is  best  prepared  by  passing  sulphuretted 
hydrogen  through  a mixture  of  iodine  and  Avater:  suljdiur  is  deposited, 
and  on  heating  and  filtering  the  liquor  a pure  solution  of  hydriodic  acid 
is  obtained,  Avhich  may  be  concentrated  by  evaporation.  It  may  also  be 
obtained  by  heating  iodine,  phosphorus,  and  water ; or  by  passing  sulphu- 
retted hydrogen  through  a solution  of  1 part  of  iodine  in  16  of  alcohol, 
filtering,  diluting  Avitli  32  of  Avater,  and  subsequent  distillation  to  drive 
off  the  alcohol  and  excess  of  sulphuretted  hydrogen. 

When  hydriodic  acid  gas  is  mixed  Avith  oxygen,  and  passed  through 
a red-hot  tube,  it  is  resolved  into  iodine  and  Avater.  Its  decomposition 
by  chlorine  produces  hydrochloric  acid,  sometimes  Avith  explosion,  and 
the  blue  vapor  of  iodine  is  rendered  evident,  but  presently  disappears 
in  consequence  of  the  formation  of  chloride  of  iodine.  This  decom- 
Yol.  I.  Y 
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position  is  beautifully  shown  by  suffering  hydriodic  acid  gas  to  pass 
into  a jar  of  atmospheric  air,  mixed  with  about  a twelfth  its  bulk  of 
chlorine;  the  violet  fumes  are  then  more  permanent.  A little  strong 
nitric  acid  dropped  into  hydriodic  acid  gas  energetically  decomposes  it, 
with  the  evolution  of  so  much  heat  that  the  gas  is  occasionally  inflamed. 
(Turner.) 

The  experiments  of  Gay  Lussac  have  proved  the  composition  of 
hydriodic  acid  gas  to  be  analogous  to  that  of  the  hydrochloric : namely, 
that  it  consists  of  1 volume  of  the  vapor  of  iodine,  and  1 of  hydrogen; 
these  produce  2 volumes  of  the  acid.  By  the  action,  for  instance,  of 
mercury  and  some  other  metals,  hydriodic  acid  gas  is  decomposed,  the 
iodine  being  absorbed  by  the  metal,  and  evolving  from  2 volumes  of  the 

gas,  1 of  hydrogen:  so  that 
the  annexed  diagram  repre- 
sents its  composition.  That 
such  is  the  composition  of 
this  acid  is  also  shown  by  its 
■>veight,  for, 

Grs. 

50  cubic  inches  of  hydrogen  weigh  1*06 

50  „ „ iodine  vapor 134'02 

100  „ ,,  hydriodic  gas  135*98 

Or,  it  consists  of 

Volumes.  Sp.  Gr. 

Hydrogen  1 ....  1 ....  0*8  ....  1 ....  0*0G9 

Iodine  1 ....  126  ....  99*2  ....  1 ....  8*735 

Hydriodic  acid  1 127  100*0  2 4*402 

Hydriodic  acid  dissolves  iodine;  so  likewise  do  the  solutions  of  iodide 
of  potassium  and  of  zinc,  taking  up  a quantity  of  iodine  equal  to 
that  which  they  already  contain:  these  compounds  have  been  termed 
iodiireiied  iodides^  and  are  by  some  considered  as  containing  a pe- 
culiar acid  which  may  be  termed  hydriodous  acid,  composed  of  1 atom 
of  hydrogen  = 1 + 2 of  iodine  = 126  X 2=  252.  ,deVharm.^ 

ix.  p.  40.) 

The  hydriodic  acid  is  not  found  uncombined  in  nature:  some  of  its 
combinations  have  already  been  mentioned  under  the  head  of  iodine. 
Its  presence  may  be  detected  by  mixing  a cold  solution  of  starch  with  the 
liquid  suspected  to  contain  it,  and  then  adding  a few  drops  of  a solution 
of  chlorine  or  of  nitric  or  sulphuric  acid : this  liberates  iodine,  and  produces 
a blue  tint.  ** 

Hydrogen  and  Bromine.  Hydrobromic  Acid.  HBr.  Bromine 
and  hydrogen  do  not  act  upon  each  other,  even  under  the  influence  of 
the  sun  s rays,  at  common  temperatures ; but  when  bromine,  phosphorus, 
and  water,  are  brought  into  contact,  a decomposition  ensues,  analogous  to 
that  described  under  the  article  hydriodic  acid^  and  hydrobromic  gas  is 
generated,  which  may  be  collected  over  mercury,  or  in  dry  phials.  It  is 
also  evolved  on  gently  heating  a mixture  of  1 part  of  phosphorus,  12*5  of 
bromine,  and  7B  of  bromide  of  potassium,  with  a little  water.  (Millon.) 
Hydrobromic  acid  may  be  formed  by  acting  upon  a mixture  of  bromine 


Hydrogen. 

Iodine. 

Hydriodic  Acid. 

1 

126 

127 
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Tapor  and  hydrogen  by  a coil  of  red-hot  platinum  wire ; and  it  is  evolved 
avhen  bromide  of  potassium  is  decomposed  by  sulphuric  acid,  but  in  this 
case  a portion  of  it  is  apt  to  be  decomjDOsed. 

This  compound,  though  gaseous  at  common  temperatures  and  pres- 
sures, condenses  into  a clear  colorless  liquid  at  100°  below  0°:  at  124° 
below  0°  it  is  a transparent  crystalline  solid;  it  does  not  freeze  until 
ireduced  much  lower  than  this  temperature,  but,  being  frozen  by  the  car- 
bonic acid  bath  in  vacuo,  it  remains  a solid  until  the  temperature  attains 
— 120°.  (Faraday.  iV^zV.  Trn?^6‘.,  1845,  p.  161.) 

Ilydrobromic  acid  gas  is  colorless,  sour,  of  a pungent  and  highly  irri- 
itating  odor,  and  yields  dense  vapors  when  mixed  with  humid  air.  It 
iiundergoes  no  change  when  passed  through  a red-hot  tube,  either  alone  or 
tmixed  with  oxygen  or  iodine;  but  chlorine  decomposes  it,  producing 
' Yapor  and  drops  of  bromine,  which,  being  absorbed  by  mercury,  leaves 
lliydrochloric  acid.  We  learn,  therefore,  that  the  attraction  of  bromine  for 
! hydrogen  exceeds  that  of  iodine,  but  is  inferior  to  that  of  chlorine.  The 
lattraction  of  oxygen,  and  of  bromine  for  hydrogen,  is  probably  nearly 
tequal;  for  bromine  does  not  decompose  water,  nor  does  oxygen  decom- 
Q^ose  hydrobromic  acid.  Ilydrobromic  gas  is  not  altered  by  mercury,  but 
itin  and  potassium  entirely  decompose  it;  the  former  requires  the  aid  of 
Iheat;  but  potassium  acts  at  common  temperatures,  diminishing  the  gas  to 
lhalf  its  bulk,  and  forming  bromide  of  potassium.  Hence  it  appears  that 
ithe  constitution  of  hydrobro- 
imic  acid  is  analogous  to  that 
I of  hydrochloric  and  hydriodic 
acids,  and  that  it  consists  of 
equal  volumes  of  hydrogen 
and  bromine  vapor.  The 

vweight  therefore  of  100  cubic  inches  of  hydrobromic  acid  will  be  as  follows: 

Grs. 

50  cubic  inches  of  hydrogen  weigh  1 *00 

50  „ „ bromine  vapor  84 '00 


Hydrogen. 

Bromine. 

Hydrobromic  Acid. 

1 

78 

79 

100 


5? 


Ilydrobromic  gas  85'00 


Or,  it  consists  of 


Hydrogen. 
Bromine  . 


Ilydrobromic  acid 


1 

78 

79 


1‘2G(» 

08-7.34 

100*000 


Volumes. 
....  1 . 
....  1 . 

2 


Sp.  Gr. 
OOGO 
5*400 

2*734 


Ilydrobromic  acid  gas  is  rapidly  absorbed  by  water:  heat  is  evolved, 
and  a fuming  licpid  acid  obtained,  which  is  colorless  wdien  pure,  but 
which  readily  dissolves  bromine,  and  acc[uircs  a yellow  color.  The  spe- 
cific gravity  of  the  densest  aqueous  hydrobromic  acid  is  J*29.  (Lowig.) 
!It  boils  below  212°,  losing  hydrobromic  gas,  and  having  its  boiling-point 
consequently  elevated.  This  acj[ueous  acid  may  also  be  obtained  by  the 
action  of  sulphuretted  hydrogen  on  bromine  and  -water.  It  is  instantly 
decomposed  and  discolored  by  chlorine.  Nitric  acid  also  decomposes  it, 
evolving  bromine,  and  forming  water  and  nitrous  acid.  This  mixture  dis- 
solves gold  and  platinum,  tlydrobromic  acid  is  not  readily  decomposed 
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l)y  siilpliurlc  acid;  but  on  decomposing  bromide  of  potassium  by  sul- 
phuric acid,  a little  sulphurous  acid  is  generally  formed. 

Hydrogen  and  Fluorine — Hydrofluoric  Acid.  HF.  This  acid 
Avas  made  known  by  Scheele : the  process  for  procuring  it  pure  was  first 
suggested  by  Knight.  (Phil.  Mag.,  xvii.  357.)  Its  properties  were  exa- 
mined by  Gay  Lussac  and  Thenard  in  1810,  (Recherches  Physico-chimi- 
qiies,)  and  by  Davy.  (Phil.  IVans.  1809-1813.)  When  finely-powdered 
Jiuonde  of  calcium,  ovfiior  spar,  as  it  is  usually  called,  (carefully  selected 
for  its  purity  and  freedom  from  silica,)  is  distilled  with  twice  its  weight  of 
sulphuric  acid,  a highly  volatile  and  corrosive  liquid,  which  is  hydrofluoric 
acid,  is  obtained:  CaF, -b S03,H0  = Ca0,S03 -f-HF.  It  acts  powerfully 
on  glass  and  on  most  of  the  metals:  the  retort  employed  in  the  experiment 
may  be  of  lead,  with  a tube  and  receiver  of  platinum ; the  receiver  must 
be  immersed  in  a mixture  of  ice  and  salt.  The  product  is  best  preserved 
in  a platinum  bottle,  with  a well-fitted  stopper  of  the  same  metal.  When 
pure,  it  is  clear,  colorless,  very  volatile,  and  smokes  when  exposed  to  air: 
at  temperatures  above  60*^  it  flies  off  in  vapor.  Its  specific  gravity  is 
I ’0609;  but  by  the  gradual  addition  of  a certain  proportion  of  water  it 
acquires  a considerable  increase  of  density,  the  mixture  having  a specific 
gravity  of  1*25.  Its  attraction  for  water  exceeds  that  of  oil  of  vitriol; 
and  when  dropped  into  water  it  excites  a hissing  noise,  and  great  heat 
is  evolved.  Its  vapor  is  dangerously  pungent  and  irritating,  and  the 
liquid  acid  is  eminently  active  upon  organic  substances;  a minute  drop  of 
it  upon  the  skin  produces  a painful  sore,  and  in  larger  quantities  danger- 
ous and  maiignant  ulceration:  hence  the  vessels  containing  it  require  to 
be  handled  with  great  caution.  Its  most  characteristic  property  is  the 
energy  with  which  it  acts  upon  glass:  its  vapors  soon  destroy  the  polish 
and  transparency  of  all  neighbouring  glass  vessels,  and  when  dropped 
upon  glass,  great  heat  and  effervescence  are  produced,  and  dense  fumes 
evolved,  consisting  of fluosilicic  acid.  Diluted  with  about  six  parts  of 
water,  the  acid  may  be  used  for  etching  upon  glass,  which  it  etfectually 
accomplishes  in  a few  minutes. 

The  nature  of  this  powerful  and  peculiar  acid  is  as  yet  imperfectly 
understood,  its  basis,  fluorine,  not  having  been  obtained  in  an  insulated 
form.  All  analogy,  however,  leads  us  to  regard  it  as  a compound  of 
fluorine  and  hydrogen.  In  the  voltaic  circuit  hydrogen  is  evolved  from 
it  at  the  negative  electrode,  and  the  positive  platinum  wire  corroded  and 
converted  into  a brown  compound,  probably  of  fluorine  and  platinum. 
Many  of  the  metals  also  decompose  it  with  the  evolution  of  hydrogen  ; 
and  peculiar  compounds  result,  fluorides,  consisting  of  the  metal  in  com- 
bination with  fluorine.  The  action  of  potassium  upon  this  acid  is  very 
energetic ; it  is  attended  by  explosion,  by  the  liberation  of  hydrogen,  and 
by  the  formation  of  a peculiar  soluble  saline  compound  which  is  con- 
sidered as  a fluoride  of  potassium.  Kuhlman’s  experiments  are  also  quite 
consistent  with  these  views : he  found  that  pure  fluor  spar  (fluoride  of 
calcium)  was  not  in  the  least  acted  upon,  even  at  a red-heat,  by  anhy- 
drous sulphuric  acid;  and  that  when  hydrochloric  acid  w'as  transmitted 
over  fluor  spar  at  a red-heat  hydrofluoric  acid  wus  disengaged  and  chlo- 
ride of  calcium  formed.  It  cannot  therefore  be  doubted  that  hydrofluoric 
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! acid,  as  originally  suggested  by  Davy,  is  analogous  to  the  other  hydracids 
ij  (Phil.  Trails.^  1813,  p,  263): 

I that  it  may  therefore  he  re- 
garded as  composed  of  equal 
volumes  of  hydrogen  and 
fluorine  combined,  ^vithout 
condensation,  its  atomic  constitution  being 


Hydrogen 

1 .... 

i .... 

o 

Berzelius, 
5-05 

Fluorine  

1 .... 

....  10  .... 
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94-95 

Hydrofluoric  acid 

1 

20 

100 
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§ VII. 

NITROGEN. 

N.  14. 

' 

Nitrogen,  or  Azote,  was  first  recognised  as  a distinct  aeriform  fluid  by 
Dr.  Rutherford  in  1772.  (Thesis,  De  Aere  Mephilico.')  Dr,  Priestley  called 
it  'phlogistic cited  air. 

Nitrogen  may  be  obtained  by  burning  phosphorus  in  a confined  portion 
of  atmospheric  air.  For  this  purpose  a tall  glass  jar  should  be  selected, 
open  at  bottom,  and  stopped  at  the  top : a small  porcelain  or  metallic 
cup,  containing  a sufficiency  of  inflamed  phosphorus,  is  then  set  afloat  in 
the  water- trough,  and  the  jar,  without  its  stopper,  immediately  inverted 
over  it.  A quantity  of  air  is  at  first  expelled  by  the  heat:  the  stopper  is 
then  replaced,  and  the  combustion  goes  on  for  some  time;  when  it  has 
ceased,  and  the  apparatus  has  cooled,  the  cup  is  easily  removed  by  agi- 
tating the  jar,  so  as  to  sink  it  through  the  water;  the  residuary  gas  is 
then  thoroughly  washed  with  lime  water,  and  is  nitrogen  nearly  pure. 

According  to  Berzelius,  the  purest  nitrogen  is  obtained  by  filling  a 
bottle  about  one-third  full  of  a liquid  amalgam  of  lead  and  mercurjq 
carefully  stopping  it,  and  agitating  it  with  the  included  air  for  two  hours 
or  more;  the  highly-divided  lead  absorbs  the  oxygen,  and  leaves  pure 
nitrogen.  On  opening  the  bottle  under  water,  the  liquid  rushes  in,  and 
demonstrates  the  degree  of  absorption. 

If  equal  weights  of  iron-filings  and  sulphur  be  made  into  a paste  with 
water,  and  exposed  in  a confined  portion  of  atmospheric  air,  it  will,  in 
the  course  of  forty-eight  hours,  absorb  the  oxygen,  and  leave  the  nitrogen 
nearly  pure.  Dumas  and  Boussingault  obtained  pure  nitrogen  by  pass- 
ing air  previously  deprived  of  moisture  by  sulphuric  acid,  and  of  carbonic 
acid  by  potassa,  over  finely-divided  metallic  copper  at  a red  heat. 

Another  mode  of  obtaining  nitrogen,  which  furnishes  it  in  a state  of 
considerable  purity,  consists  in  passing  chlorine  into  a strong  aqueous 
solution  of  ammonia.  This  may  be  done  by  nearly  filling  a Wolfe’s  bottle 
with  two  necks  with  the  solution,  and  passing  gaseous  chlorine  into  it  from 
a retort  containing  hydrochloric  acid  and  oxide  of  manganese;  a bent 
tube  issuing  from  the  other  neck  passes  under  the  shelf  of  the  pneumatic 
apparatus,  and  through  it  the  nitrogen  escapes,  and  may  be  collected;  but 
care  should  be  taken  to  leave  excess  of  ammonia  in  the  bottle,  lest 
explosive  chloride  of  nitrogen  should  be  formed.  In  this  experiment 
ammonia,  consisting  of  hydrogen  and  nitrogen  (see  Ammonia),  is 
decomposed  by  the  chlorine,  which  unites  Avith  its  hydrogen  to  form 
hydrochloric  acid,  and  gaseous  nitrogen  is  evolved:  a solution  of 
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hydrochlorate  of  ammonia  is  at  the  same  time  obtained,  and  if  excess  of 
chlorine  be  used,  chloride  of  nitrogen,  a dangerously  explosive  compound, 
may  be  formed.  If  the  ammoniacal  solution  be  very  concentrated,  the 
bubbles  of  chlorine  often  produce  flashes  of  light  and  slight  explosions: 
these  are  harmless,  and  may  be  prevented  by  dilution  of  the  ammonia. 
The  following  is  the  disposition  of  the  apparatus : a is  the  retort  and 
tubulated  receiver  containing  the  materials  for  the  evolution  of  chlorine ; 
h the  two-necked  bottle  about  three-fourths  filled  with  strong  licjuid 
ammonia ; c a bent  tube,  carrying  the  evolved  nitrogen  into  the  water- 
trough,  where  it  is  collected  in  the  inverted  jar  cL 


There  are  other  processes  by  which  nitrogen  may  be  obtained,  some 
of  which  will  be  noticed  under  the  article  Abnospheric  Air.  It  is  also 
frequently  evolved  during  the  decomposition  of  animal  matter.  If  lean 
muscular  flesh,  for  instance,  be  heated  in  nitric  acid  diluted  with  ten  or 
twelve  parts  of  water,  this  gas  is  given  off,  though  not  pure  : these  cases 
of  its  evolution  will  be  more  particularly  explained  afterwards. 

Nitrogen  is  a permanently  elastic  colorless  gas,  with  neither  smell  nor 
taste,  having  no  action  upon  vegetable  colors  or  upon  lime-water;  neither 
is  it  absorbed  by  ivater,  except  that  fluid  has  been  deprived  of  its  ordinary 
portion  of  air  by  long  boiling,  when  it  takes  up  about  one  and  a half  per 
cent.  Its  refractive  power  in  regard  to  light  is  to  that  of  atmospheric 
air  as  1*0340  to  1*0000.  It  is  rather  lighter  than  atmospheric  air,  com- 
pared with  which  its  specific  gravity  is  0*971  : 100  cubic  inches  'vveigh  at 
mean  temperature  and  pressure  30*15  grains.  At  32°  the  weight  of  100 
cubic  inches  is  31*879  grains.  (Thomson.)  Its  specific  gravity  in  refer- 
ence to  hydrogen  is  as  14  to  1. 

An  animal  immersed  in  nitrogen  is  suffocated,  ^rhence  it  was  called 
by  Lavoisier  azote  (from  a,  privative.,  and  life):  but  if  that  terra 

be  taken  in  its  strict  sense,  all  gaseous  bodies  (excepting  atmospheric  air) 
might  be  included  under  it ; for  even  oxygen  itself  will  not  indefinitely 
support  life : moreover,  nitrogen,  as  it  exists  in  the  atmosphere,  mixed 
with  oxygen,  appears  to  be  absolutely  essential  to  animal  life;  for  no 
other  gas  can  be  substituted  for  it.  Its  influence  in  respiration.,  as  a 
component  of  atmospheric  air,  will  be  considered  afterwards.  It  is  con- 
tained in  many  organic  bodies.  If  we  consider  the  term  nitrogen  as 
merely  implying  that  it  is  a component  of  nitric  acid,  it  is  explicit  and 
unobj  ectionable. 

The  electro- chemical  relations  of  nitrogen  are  still  obscure,  and 
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whether  it  is  or  is  not  an  ion  has  not  been  determined.  How  far  it  de- 
serves to  be  called  an  injiammahle  suhstance  is  not  obvious:  its  attraction 
for  oxygen  is  not  powerful,  and  the  two  bodies  when  mixed  in  their 
gaseous  state  show  no  tendency  to  combine;  they  do,  however,  unite  in 
several  proportions,  but  their  compounds  are  mostly  formed  at  low 
temperatures,  or  the  nitrogen  and  oxygen  are  presented  to  each  other 
in  their  nascent  states^  that  is,  before  one  or  both  of  them  have  acquired 
the  independent  gaseous  form.  The  same  remark  applies  to  all  com- 
pounds of  this  gas. 

Nitrogen  is,  in  the  strictest  sense  of  the  word,  a non-supporter  of 
combustion;  for  all  burning  bodies  are  immediately  and  jierfectly  extin- 
guished by  it:  this  is  the  case  with  the  flame  of  a taper,  with  phosphorus 
in  intense  combustion,  and  even  with  potassium,  which,  however  highly 
heated,  shows  no  inclination  to  burn  in  pure  nitrogen. 

Under  certain  circumstances,  however,  nitrogen  may  be  made  to  un- 
dergo a kind  of  combustion,  as  when  electric  sparks  are  passed  through 
atmospheric  air,  or  through  a mixture  of  one  volume  of  nitrogen  with 
two  or  three  of  oxygen:  in  this  case  each  spark  will  be  attended  by  the 
production  of  a trace  of  nitric  acid,  and  after  some  hundred  sparks,  the 
blue  of  litmus  will  be  changed  to  red  (p.  236).  Here  combustion  appears 
to  take  place  in  that  portion  of  the  gas  immediately  subject  to  the  action 
of  the  sparks;  but  the  temperature  of  the  surrounding  gas  is  not  thus 
sufficiently  elevated  to  enable  the  combustion  to  spread  beyond  the  im- 
mediate sparks.  Berzelius  has  well  compared  this  action  to  that  which 
ensues  when  sparks  are  passed  through  a mixture  of  hydrogen  and  a large 
relative  quantity  of  atmospheric  air  or  of  oxygen;  in  that  case  no  general 
combustion  of  the  mixture  is  effected;  but  water  is  slowly  formed  by  the 
action  of  each  successive  spark  upon  the  portion  of  the  gaseous  mixture 
immediately  subjected  to  its  heating  influence;  and  it  is  probable  that  the 
electric  spark  made  to  act  upon  mixtures  of  nitrogen  and  oxygen  under 
considerable  pressure  might  be  more  effective  in  inducing  combination; 
but  few  of  the  nitric  compounds  are  stable,  or  capable  of  sustaining  a 
continued  red-heat  without  decomposition. 

If  a mixture  of  nitrogen  Avith  tw^elve  or  fourteen  volumes  of  hydrogen 
be  set  fire  to  as  it  issues  from  a small  tube,  and  burned  either  in  common 
air  or  in  oxygen,  Avater  and  nitric  acid  Avill  be  formed ; so  that  in  this 
case  the  nitrogen  may  be  said  to  undergo  combustion  by  the  aid  of  the 
elevated  temperature  of  the  flame  of  hydrogen;  but  it  must  be  recollected 
that  in  these  cases  nitric  acid  could  not  be  produced  AAuthout  the  presence 
of  AA^ater,  and  that  it  may  tend  to  dispose  an  union  AAffiich  AAmuld  not 
othei’Avise  take  place.  The  formation  of  a trace  of  nitric  acid  Avhen 
hydrogen  is  burned  in  common  air  is  referable  to  the  same  cause. 

Much  discussion  has  arisen  respecting  the  nature  of  nitrogen  ; and 
the  question  has  been  agitated,  Avhether  it  is  or  is  not  a shnjole  body;  but 
although  many  ingenious  surmises  have  been  published  on  the  subject, 
and  many  analogies  suggested  in  favor  of  its  compound  nature,  no 
experimental  proofs  haA^e  been  hitherto  adduced : Sir  H.  Davy  (^Elements 
of  Chem.  Philos.,  474)  and  Berzelius  have  each  discussed  this  question, 
chiefly  in  reference  to  the  phenomena  of  the  supposed  metallisation  of 
ammonia  (see  Mercury)  ; and  the  latter  has  proposed  the  name  nitricum 
for  the  imaginary  base  of  nitrogen,  assuming  that  gas  to  be  a suboxide. 
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(Lehrhiich,  i.  208.)  He  has  «also  adverted  to  the  supposed  formation  of 
nitrogen  by  graminivorous  animals,  but  this  question  n’iH  more  properly 
he  considered  ivhen  upon  animal  products. 

Nitrogen  and  Oxygen.  These  bodies  unite  in  Jive  iiroporiions^  and 
form  the  following  compounds: 


I.  Nitrous  oxide 

- 

- 

NO 

2.  Nitric  oxide 

- 

- 

NO2 

3.  Hyponitrous  acid 

- 

NOs 

4.  Nitrous  acid 

- 

- 

N04 

5.  Nitric  acid 

- 

N05 

Protoxide  of  Nitrogen,  Nitrous  Oxide,  NO,  or  N,  was  discovered 
by  Priestley,  in  177^^  he  called  it  dephlogislicated  niiroiis  air:  it  has  also 
been  called  gaseous  oxide  of  azote.  It  may  be  formed  by  exposing  niti'ic 
oxide  (NO2)  to  the  action  of  iron-filings,  or  of  a mixture  of  sulphur  and 
iron-filings,  by  which  one  equivalent  of  its  oxygen  is  absorbed,  and  the 
remaining  elements  left  in  such  proportions  as  to  constitute  nitrous  oxide. 
But  the  gas  thus  procured  is  not  pure.  It  is  most  easily  and  abundantly 
obtained  in  a state  of  purity  by  heating  nitrate  of  ammonia  in  a glass 
retort  over  an  Argand  lamp,  to  a temperature  of  about  420°.  The  gas 
which  passes  off,  provided  the  salt  be  pure,  and  the  temperature  not  too 
high,  may  be  collected  over  warm  Avater,  and  is  pure  nitrous  oxide.  NH4 
O,  N05=:2N0,  4 HO.  If  the  nitrate  of  ammonia  contain  a mixture  of 
the  hydrochlorate,  the  gas  Avill  be  contaminated  by  chlorine;  and  if  too 
much  heat  be  used  in  the  decomposition  of  the  pure  salt  (which  may  be 
known  by  Avhite  vapors  appearing  in  the  retort)  it  Avill  contain  nitric 
oxide.  The  salt  should  be  kept  in  a state  of  gentle  ebullition,  so  as  to 
maintain  a quick  but  not  violent  evolution  of  gas. 

The  presence  of  chlorine  in  nitrous  oxide  is  ascertained  by  its  smell, 
and  may  be  avoided  by  using  pure  nitrate  of  ammonia,  the  solution  of 
which  should  not  be  rendered  turbid  by  nitrate  of  silver.  Nitric  oxide 
is  detected  in  it  by  the  appearance  of  red  fumes  on  mixing  the  gas  with 
oxygen:  it  may  be  abstracted  by  agitating  it  Avith  a solution  of  proiosul- 
pliate  of  iron.,  Avhich  has  no  action  upon  nitrous  oxide,  but  absorbs  the 
nitric  oxide,  and  acquires  a deep  olive  color.  If  nitrous  oxide  be  mixed 
Avith  oxygen  or  Avith  common  air.,  it  affords  red  fumes  upon  adding  to 
it  a fcAv  bubbles  of  nitric  oxide,  and  it  is  not,  as  it  ought  to  be,  entirely 
absorbed  Avhen  agitated  Avith  thrice  its  bulk  of  cold  Avater. 

100  cubic  inches  of  nitrous  oxide  Aveigh  47’220  grains;  its  specific 
gravity,  therefore,  to  hydrogen,  is  as  22  to  1 ; and  to  atmospheric  air  as 
1*5252  to  1000.  At  the  temperature  of  32°,  100  cubic  inches  Aveigh 
49'978  grains.  (Thomson.)  Its  taste  is  slightly  sweet,  and  its  odor  jieculiar, 
but  agreeable.  It  is  absorbed  Avhen  agitated  Avith  Avater,  Avhich  takes  up 
about  its  OAvn  bulk,  and  evolves  it  unchanged  AA’lien  heated;  it  should, 
therefore,  be  collected  and  preserved  in  stopped  bottles.  It  is  also 
absorbed  by  alcohol  and  ether,  and  by  fixed  and  volatile  oils. 

Nitrous  oxide  Avas  generally  considered  not  only  as  unrespirable,  but 
as  eminently  noxious;  the  attempts,  liowever,  that  had  been  made  to 
breathe  it,  Avere  Avith  an  impure  gas:  Avhen  obtained  perfectly  pure.  Sir 
H.  Davy  found  that  it  might  be  breathed  AAdien  mixed  Avith  common  air. 
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' ■without  any  injurious  effects,  and  he  afterwards  ventured  upon  its  respi- 
ration in  a pure  state,  and  discovered  its  singular  effects  upon  the  system, 
which  in  many  respects  resemble  those  of  intoxication.  (^Researches 
Chemical  and  Philosojyhical,  chiefly  concerning  Nitrous  Oxide.  London, 
1800.)  The  experiment  of  breathing  tliis  gas,  however,  cannot  be  made 
I with  impunity,  especially  by  those  who  are  liable  to  a determination  of 
blood  to  the  head.  The  following  accounts  will  serve  to  give  a general 
idea  of  its  singular  powers.  They  are  quoted  from  Sir  H.  Davy’s  Re- 
searches., in  which  many  important  details  concerning  the  effects  of  dif- 
ferent gaseous  bodies  upon  the  system  will  be  found.  The  first  account 
is  by  Mr.  Tobin,  and  the  second  by  Dr.  Roget : — 

“ On  the  29th  of  April  I breathed  four  quarts  from  and  into  a silk 
bag.  The  pleasant  feelings  produced  at  first,  urged  me  to  continue  the 
inspiration  with  great  eagerness.  These  feelings,  however,  went  off 
towards  the  end  of  the  experiment,  and  no  other  effects  followed.  The 
gas  had  probably  been  breathed  too  long,  as  it  would  not  support  flame. 
I then  proposed  to  Mr.  Davy,  to  inhale  the  air  by  the  mouth  from  one 
bag,  and  to  expire  it  from  the  nose  into  another.  This  method  was  pur- 
sued with  less  than  three  quarts,  but  the  effects  were  so  powerful  as  to 
oblige  me  to  take  in  a little  common  air  occasionally.  I soon  found  my 
nervous  system  agitated  by  the  highest  sensations  of  pleasure,  which  are 
difficult  of  description ; my  muscular  powers  were  very  much  increased, 
and  I went  on  breathing  with  great  vehemence,  not  from  a difficulty  of 
inspiration,  but  from  an  eager  avidity  for  more  air.  When  the  bags  were 
exhausted  and  taken  from  me,  I continued  breathing  with  the  same 
violence;  then  suddenly  starting  from  the  chair,  and  vociferating  with 
pleasure,  I made  towards  those  that  were  present,  as  I wished  they  should 
participate  in  my  feelings.  I struck  gently  at  Mr.  Davy;  and  a stranger 
entering  the  room  at  the  moment,  I made  towards  him,  and  gave  him 
several  blows,  but  more  in  the  spirit  of  good  humour  than  of  anger.  I 
then  ran  through  different  rooms  in  the  house,  and  at  last  returned  to  the 
laboratory  somewhat  more  composed  ; my  spirits  continued  much  elevated 
for  some  hours  after  the  experiment,  and  I felt  no  consequent  depression 
either  in  the  evening  or  the  day  following,  but  slept  as  soundly  as 
usual.” 

Dr.  Roget  states  as  follows  : — ‘‘The  effect  of  the  first  inspirations  of 
the  nitrous  oxide  was  that  of  making  me  vertiginous,  and  producing  a 
tingling  sensation  in  my  hands  and  feet;  as  these  feelings  increased,  I 
seemed  to  lose  the  sense  of  my  own  weight,  and  imagined  I was  sinking 
into  the  ground.  I then  felt  a drowsiness  gradually  steal  upon  me,  and 
a disinclination  to  motion  : even  the  actions  of  inspiring  and  expiring 
were  not  performed  without  effort ; and  it  also  required  some  attention 
of  mind  to  keep  my  nostrils  closed  with  my  fingers.  I was  gradually 
roused  from  this  torpor  by  a kind  of  delirium,  which  came  on  so  rapidly 
that  the  air-bag  dropt  from  my  hands.  This  sensation  increased  for 
about  a minute  after  I had  ceased  to  breathe,  to  a much  greater  degree 
than  before,  and  I suddenly  lost  sight  of  all  the  objects  around  me,  they 
being  apparently  obscured  by  clouds,  in  which  were  many  luminous 
points,  similar  to  what  is  often  experienced  on  rising  suddenly  and 
stretching  out  the  arms,  after  sitting  long  in  one  position.  I felt  myself 
totally  incapable  of  speaking,  and  for  some  time  lost  all  consciousness  of 
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where  I was,  or  who  was  near  me.  My  whole  frame  felt  as  if  violently 
agitated  : I thought  I panted  violently;  my  heart  seemed  to  palpitate,  and 
every  artery  to  throb  with  violence ; I felt  a singing  in  my  ears ; all  the 
vital  motions  seemed  to  be  irresistibly  hurried  on,  as  if  their  equilibrium 
had  been  destroyed,  and  everything  was  running  headlong  into  confusion. 
My  ideas  succeeded  one  another  with  extreme  rapidity,  thoughts  rushed 
like  a torrent  through  my  mind,  as  if  their  velocity  had  been  suddenly 
accelerated  by  the  bursting  of  a barrier  which  had  before  retained  them 
ill  their  natural  and  equable  course.  This  state  of  extreme  hurry,  agita- 
tion, and  tumult,  was  but  transient.  Every  unnatural  sensation  gradually 
subsided ; and  in  about  a quarter  of  an  hour  after  I had  ceased  to  breathe 
the  gas,  I was  nearly  in  the  same  state  in  which  I had  been  at  the  com- 
mencement of  the  experiment.  I cannot  remember  that  I experienced 
the  least  pleasure  from  any  of  these  sensations.  I can,  however,  easily 
conceive,  that  by  frequent  repetition  I might  reconcile  myself  to  them, 
and  possibly  even  receive  pleasure  from  the  same  sensations  which  were 
then  unpleasant.  I am  sensible  that  the  account  I have  been  able  to  give 
of  my  feelings  is  very  imperfect.  For,  however  calculated  their  violence 
and  novelty  were  to  leave  a lasting  impression  on  the  memory,  these  cir- 
cumstances were  for  that  very  reason  unfavorable  to  accuracy  of  com- 
parison with  sensations  already  familiar.  The  nature  of  the  sensations 
themselves,  which  bore  greater  resemblance  to  a half-delirious  dream  than 
to  any  distinct  state  of  mind  capable  of  being  accurately  remembered, 
contributes  very  much  to  increase  the  difficulty,  and  as  it  is  above  two 
months  since  I made  the  experiment,  many  of  the  minuter  circumstances 
have  probably  escaped  me.” 

Nitrous  oxide  is  not  permanently  elastic ; by  subjecting  it  to  a 
pressure  of  about  50  atmospheres  at  the  temperature  of  45®,  Faraday 
obtained  it  in  the  liquid  form.  It  was  thus  procured  by  sealing  up  some 
nitrate  of  ammonia  in  a bent  tube  and  heating  it,  while  the  other  end 
was  kept  cool.  Many  explosions  occurred  with  very  strong  tubes,  and 
the  experiment  is  always  attended  with  risk.  The  tube,  wffien  cooled,  is 
found  to  contain  two  fluids : the  heavier  is  water,  a little  acid ; the 
lighter,  liquid  nitrous  oxide ; it  is  limpid,  colorless,  and  so  volatile,  that 
the  heat  of  the  hand  generally  makes  it  disappear  in  vapor.  The  applica- 
tion of  ice  and  salt  condenses  it  again.  Its  refractive  power  is  less  than 
that  of  any  known  fluid.  (Phil.  Trans..,  1823,  p.  195.)  Natterer  condensed 
nitrous  oxide  into  the  liquid  state  by  the  use  of  pumps  only  {Com'ptes 
rendus,S^c,,  Nov.  1844),  and  Faraday  subsequently  succeeded  in  solidifying 
it  at  a temperature  of  about  150®  below  0°.  (Phil.  Trans.,  1845,  p.  176.) 

Nitrous  oxide  supports  combustion,  and  a taper  introduced  into  it  has 
its  flame  much  augmented,  and  surrounded  by  a purplish  halo.  Phos- 
phorus and  sulphur,  when  introduced  in  a state  of  vivid  ignition  into  this 
gas,  are  capable  of  decomposing  it,  and  burn  with  the  same  appearance 
nearly  as  in  oxygen;  but  if,  when  put  into  the  gas,  they  are  merely 
burning  dimly,  they  then  do  not  decompose  it,  and  are  extinguished ; so 
that  they  may  be  melted  in  the  gas,  or  even  touched  with  a red-hot  wire 
without  inflaming.  Charcoal,  and  many  of  the  metals,  also  decompose 
nitrous  oxide  at  high  temperatures. 

At  a red-heat  this  gas  is  decomposed,  and  two  volumes  of  it  are 
resolved  into  two  volumes  of  nitrogen  and  one  volume  of  oxygen,  so  that 
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it  tlius  sufters  an  increase  of  bulk.  For  experiments  of  this  kind  the 
following  simple  apparatus  may  be  used ; it  consists  of  two  bladders,  one 
of  which  is  filled  with  the  gas,  and  the  other  empty,  attached  to  the 
extremities  of  a coated 
porcelain  or  platinum 
tube,  which  traverses 
the  body  of  a furnace. 

The  bladders  are  sup- 
plied with  stop-cocks, 
and  the  gas  is  pressed  from  one  to  the  other  when  the  tube  is  red-hot. 

The  analysis  of  this  gas  may  also  be  effected  by  detonation  with 
hydrogen.  When  a mixture  of  one  volume  of  nitrous  oxide  and  one 
volume  of  hydrogen  is  fired  by  the  electric  spark,  water  is  produced,  and 
one  volume  of  nitrogen  remains.  Now,  as  one  volume  of  hydrogen  takes 
half  a volume  of  oxygen  to  form  "water,  nitrous  oxide  must  consist  of  two 
volumes  of  nitrogen  and  one  volume  of  oxygen ; these  three  volumes  being 
so  condensed,  in  consequence  of  chemical  union,  as  only  to  fill  the  space 
of  two  volumes.  The  specific  gravity 
of  nitrogen,  compared  wdth  oxygen,  is 
as  14  to  16;  the  composition,  there- 
fore, of  the  nitrous  oxide,  may  be  re- 
presented as  annexed:  and  as 


Nitrogen. 

Oxygen. 

8 

Nitrous 

Oxide. 

14 

22 

Grains. 

100  cubic  inches  of  nitrogen  weigh  30’ ICO 

50  „ oxygen  17‘054 


100 


nitrous  oxide  47*220 


Hence,  regarding  this  gas  as  a protoxide^  the  atomic  weight  of 
nitrogen  will  be  14,  or,  according  to  Dr.  Turner  and  Berzelius,  14*25; 
{Phil.  Trans..,  1833;)  but  the  more  recent  experiments  of  Dumas  have 
established  the  accuracy  of  14  (upon  the  hydrogen  scale,  consistently 
with  the  original  determination  of  Prout,)  and  nitrous  oxide  will  be 
constituted  as  follows  — 


Davy.  Volumes.  S.  G. 

Nitrogen  1 ....  14  ....  63-6  ....  G3*3  ....  I'O  ....  0-97 

Oxygen  1 ....  8 ....  3G*4  ....  3G-7  ....  0-5  ....  0-55 


Nitrous  oxide  ....  1 22  100*0  100*0  1*0  1*52 

Deutoxide  of  Nitrogen.  Binoxide  of  Nitrogen.  Nitric  Oxide. 

Nitrous  Gas.  N02  or  N,  was  first  procured  by  Mayow,  but  its 
properties  were  first  accurately  studied  by  Priestley.  It  is  usually 
obtained  by  presenting  certain  substances  to  nitric  acid,  which  abstract  a 
portion  of  its  oxygen,  leaving  the  remaining  elements  in  such  proportions 
as  to  constitute  tlie  gas  in  question ; for  this  purpose  some  copper-filings 
or  clippings  may  be  put  into  a gas-bottle  with  nitric  acid  diluted  with 
thrice  its  bulk  of  water ; an  action  ensues,  red  fumes  are  produced,  and 
there  is  a copious  evolution  of  the  gas,  which  may  be  collected  and  pre- 
served over  water.  In  this  mode  of  obtaining  the  gas  3 atoms  of  copper 
and  4 of  nitric  acid  produce  3 of  nitrate  of  copper  and  1 of  nitric  oxide. 
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4N05+3Cu  =3[Cu0,N05] +NO2.  The  first  portions  should  he 
rejected,  as  containing  nitrogen  and  nitrous  acid  gas.  Nitric  oxide  is 
presently  recognised  by  the  red  fumes  which  it  produces  Avhen  brought 
into  the  contact  of  air ; and  if  pure  it  is  entirely  absorbed  by  an  aqueous 
solution  of  protosulphate  of  iron. 

Nitric  oxide  is  a colorless,  uncondensible  gas ; its  specific  gravity 
to  hydrogen  is  as  15  to  1.  100  cubic  inches  weigh  32*13  grains;  and, 

compared  with  air,  its  specific  gravity  is  as  T0399  to  1000.  According  to 
Thomson,  its  specific  gravity  is  1*0416,  and  at  the  temperature  of  32° 
100  cubic  inches  weigh  34*1543  grains.  Under  common  circumstances 
it  is  permanent  over  water;  but  if  agitated  with  water  previously  deprived 
of  air  by  long  boiling,  it  is  dissolved  in  the  proportion  of  about  1 volume 
to  20.  This  solution,  Avhen  long  kept,  is  found  to  contain  nitrate  of 
ammonia,  resulting  from  the  joint  decomposition  of  the  nitric  oxide  and 
the  water. 

It  is  instantly  fatal  to  animals ; but  as  it  will  always  meet  with  a 
sufficiency  of  oxygen  in  the  lungs,  to  convert  a part  of  it  into  nitrous 
acid,  its  abstract  effects  cannot  be  determined.  An  account  of  an  attempt 
to  breathe  it  will  be  found  in  Sir  IT.  Davy’s  Researches^  &c.,  p,  475. 
When  it  has  been  washed  with  water  it  is  not  acid,  as  may  be  proved 
by  the  color  of  litmus  remaining  unchanged  by  it.  It  extinguishes  the 
flame  of  a taper,  and  that  of  sulphur,  but  phosphorus  readily  burns  in  it, 
if  introduced  in  intense  ignition,  although  it  also  is  extinguished  unless 
it  be  in  vivid  combustion.  In  this  case  the  phophorus  decomposes  the 
gas,  nitrogen  is  evolved,  and  phosphoric  acid  formed.  Charcoal  also 
decomposes  it  at  a high  temperature,  the  results  being  carbonic  acid  and 
nitrogen. 

Nitric  oxide  is  not  altered  by  a low  red-heat,  but  it  is  decomposed 
Avhen  passed  and  repassed  through  small  tubes  heated  to  bright  redness, 
more  especially  if  the  heated  surface  is  increased  by  filling  them  with 
fragments  of  rock  crystal,  or  by  the  introduction  of  platinum  wire  : it 
does  not  detonate  when  mixed  with  two  volumes  of  hydrogen,  and  sub- 
jected to  the  electric  spark;  a succession  of  sparks,  however,  passed 
through  such  a mixture,  slowly  effects  the  decomposition  of  a portion  of 
the  gas;  the  same  mixture  is  also  decomposed  by  spongy  platinum  at 
common  temperatures,  and  water  and  ammonia  are  formed,  according 
to  Dulong  and  Thenard,  but  Dbbereiner  denies  this.  When  a mixture 
of  2 volumes  of  this  oxide  and  5 of  hydrogen  are  passed  by  a small  tube 
through  the  tubulature  of  a retort  containing  spongy  platinum,  and  after 
the  expulsion  of  the  air,  heated,  the  platinum  becomes  ignited,  and  Avater 
and  ammonia  are  formed.  NO2,  5 H = NH3,  2 HO.  (Hare.)  When 
this  mixture  with  hydrogen  is  kindled  in  contact  of  air  by  a taper,  it 
burns  with  a green  flame,  and  Avater  and  nitrous  acid  are  the  results;  so 
that  the  hydrogen  only  appears  to  be  burned : an  inflamed  jet  of 
hydrogen  is  extinguished  in  nitric  oxide.  Dr.  Henry  has  shoAvn  that 
nitric  oxide  detonates  with  ammonia  {Phil.  Trans..,  1809,)  in  the  pro- 
portion of  150  measures  of  the  former  to  100  of  the  latter.  These 
gases  also  sloAvly  act  upon  each  other  at  common  temperatures.  Gay 
Liissac  found  that  in  about  a month  they  Avere  reduced  to  half  their 
joint  volume,  and  that  nitrogen  Avas  evolved.  Some  substances  which 
have  a strong  attraction  for  oxygen,  effect  a partial  decomposition  of  the 
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nitric  oxide,  and  convert  it,  at  common  temperatures,  into  nitrous  oxide ; 
such,  for  instance,  as  moist  iron-filings,  some  of  the  alkaline  siilphurets, 
some  of  the  sulphites,  and  protochloride  of  tin ; in  Avhich  cases  two 
volumes  of  nitric  oxide  afford  one  of  nitrous  oxide.  Nitric  oxide  may 
also  be  decomposed  by  the  action  of  some  of  the  metals  at  high  tempera- 
tures, which  absorb  its  oxygen.  Sir  H.  Davy  decomposed  it  by  heated 
arsenic,  and  by  the  ignition  of  charcoal.  {JLlemenls^  260.)  Gay  Lussac 
decomposed  100  measures  of 
it  by  the  action  of  heated 
potassium  : 50  measures  of 
pure  nitrogen  remained,  and 
the  loss  of  weight  corre- 
sponded to  50  measures  of 
oxygen ; so  that  one  volume  of  nitric  oxide  is  thus  resolved  into  equal 
volumes  of  oxygen  and  nitrogen.  (Me7noires  d’Arcueil.)  Nitric  oxide 
then  is  constituted  of  one  volume  of  nitrogen  and  one  volume  of  oxygen, 
combined  as  in  the  above  diagram,  without  change  of  volume ; 


Nitrogen. 

Oxygen. 

8 

14 

8 

Grains. 


or  50  cubic  inches  of  nitrogen,  weighing 

15-08 

and  50 

5) 

oxygen  „ 

17-05 
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nitric  oxide  „ 

32*13 

Berzelius. 

Vols. 
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30 
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o 
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The  most  characteristic  property  of  nitric  oxide,  by  which  it  is  imme- 
diately distinguished  from  all  other  gases,  is  that  of  forming  the  red 
fumes  of  hyponitrous  or  nitrous  acid  vapor  when  mixed  with  oxygen : 
hence  these  gases  are  mutually  used  to  detect  each  other’s  presence;  and 
as  the  nitrous  acid  is  absorbed  by  water,  oxygen  may  be  abstracted  from 
any  gaseous  mixture  containing  it  in  an  uncombined  state,  by  the  addition 
of  a sufficient  quantity  of  nitric  oxide;  and,  on  the  other  hand,  nitric 
oxide  may  be  removed  by  the  addition  of  oxygen.  Priestley,  who  was 
the  first  to  attempt  accurate  experiments  upon  this  subject,  conceived 
that  the  absorption  wms  at  all  times  uniform;  but  subsequent  experiments 
liave  shown  that  it  is  subject  to  variation,  more  especially  dependent 
upon  the  presence  or  absence  of  water.  Although,  therefore,  nitric 
oxide  may  be  used  to  ascertain  the  presence  of  oxygen,  it  cannot  be  relied 
on  as  an  exact  indicator  of  its  proportional  quantity ; and  although  Dalton 
(Aim.  of  Phil.^  X.  38,)  and  Gay  Lussac  (Mem.  d’ Arcueil^  ii.  247,)  have 
each  proposed  methods  by  which  they  conceive  accuracy  may  be  ensured, 
they  are  not  such  as  to  admit  of  general  application.  The  best  mode  of 
using  the  nitric  oxide  to  determine  the  proportion  of  oxygen  to  that  of 
nitrogen  in  the  atmosphere,  wdll  be  noticed  under  the  head  of  Atmospheric 
Air  (Eudiometers.) 

Solutions  of  the  protochloride  and  protosulphate  of  iron  absorb 
nitric  oxide  gas  ; the  color  of  these  solutions  is  deep  olive,  and  they 
speedily  absorb  oxygen  Avhen  exposed  to,  or  agitated  with  air,  or  other 
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mixtures  containing  it.  (See  Eudiometers.)  This  property  also  enables 
us,  as  above  stated,  to  ascertain  the  purity  of  nitric  oxide,  which  ought 
to  be  wholly  absorbed  by  the  solution  of  iron : some  nitrogen  or  nitrous 
oxide  are  thus  generally  detected  in  it,  and  remain  unabsorbed.  Accord- 
ing to  Peligot  {Ann.  Ch.  et  Fh.,  niv.  17,)  the  proportion  of  nitric  oxide 
absorbed  by  protosulphate  of  iron  is  definite,  and  in  the  ratio  of  1 
equivalent  of  the  nitric  oxide  to  4 of  the  protoxide  of  iron ; by  expo^ 
sure  to  a vacuum  the  nitric  oxide  escapes,  and  the  salt  of  iron  remains 
unaltered;  but  when  heated,  a part  only  of  the  nitric  oxide  is  evolved, 
and  part  is  decomposed,  and  peroxide  of  iron  and  ammonia  are  formed: 
when  this  solution  is  exposed  to  air  or  oxygen,  nitric  acid  is  ultimately 
produced. 

AVhen  nitric  oxide  is  perfectly  dry,  chlorine  exerts  no  action  upon  it, 
but  the  presence  of  water  causes  an  immediate  change;  it  is  decomposed, 
and,  furnishing  oxygen  to  the  nitric  oxide,  and  hydrogen  to  the  chlorine, 
hyponitrous  and  hydrochloric  acids  are  generated.  It  was  the  presence 
of  water  which  misled  those  who  thought  that  the  red  fumes  produced 
by  mixing  nitric  oxide  and  chlorine  over  water,  resulted  from  the  exist- 
ence of  oxygen  in  chlorine. 

Chloronitrous  Gas.  According  to  E.  Davy  {Phil.  Mag..,  ix.  355,) 
when  fused  chloride  of  sodium  is  moistened  with  nitric  acid,  a pale 
reddish  yellow  gas  is  evolved,  composed  of  equal  volumes  of  chlorine  and 
nitric  oxide,  combined  without  condensation. 

Hyponitrous  Acid.  Azotous  Acid.  Nitrous  Acid  of  Graham, 

• • • 

Berzelius,  and  most  foreign  authors.  NOs  or  N.  Gay  Lussac  con- 
cluded, from  his  experiments,  that  there  exists  a comjDOund  of  nitrogen 
and  oxygen  intermediate  between  nitric  oxide  and  nitrous  acid,  to  which 
the  term  hyponitrous  acid  may  be  applied.  {Ann.  Ch.  et  Ph.^  i. 
399.)  He  found  by  mixing  nitric  oxide  and  oxygen  in  tubes  standing 
over  mercury,  and  containing  a little  concentrated  solution  of  potassa, 
that  400  volumes  of  nitric  oxide  were  condensed  under  such  circum- 
stances by  100  of  oxygen.  When,  however,  he  attempted  to  decomj)ose 
the  hyponitrite  of  potassa  thus  obtained,  nitric  oxide  was  evolved,  and 
nitrous  acid  formed. 

Dulong  obtained  hyponitrous  acid  (mixed  with  nitrous  acid)  by  passing 
a mixture  of  1 measure  of  oxygen  with  someAvhat  more  than  4 of  nitric 
oxide,  first  through  a tube  filled  with  fragments  of  porcelain  to  ensure 
perfect  mixture,  and  afterwards  through  a bent  tube,  cooled  below  0°; 
the  acid  collected  in  the  curvature  was  a dark-green  fluid,  more  volatile 
than  nitrous  acid,  and  when  distilled  leaving  a yellow  fluid,  which 
appeared  to  be  nitrous  acid.  Liebig  obtained  hyponitrous  acid  by 
heating  1 part  of  starch  in  8 of  nitric  acid,  sp.  gr.  1*25,  and  con- 
ducting the  evolved  gases  first  through  a tube  filled  with  fragments 
of  chloride  of  calcium,  and  then  into  a tube  cooled  down  to  0°;  a 
very  volatile  liquid  was  thus  condensed,  colorless  at  10°,  but  green  at 
common  temperatures.  Peligot  found  that  from  the  acid  thus  pre- 
pared a dark  green  liquid  might  be  distilled,  boiling  at  50°,  but  con- 
taining only  31  per  cent,  of  nitrogen;  from  this  he  obtained,  by  redistil- 
lation, an  acid  boiling  at  35°,  and  containing  33  per  cent,  of  nitrogen; 
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•whence  he  infers  that  Liebig’s  acid  is  a mixture  of  the  hyponitrous 
and  nitrous  acids.  According  to  Fritzsche  (Joz/r.  Prakt.  C/zezzz.,  xix.  and 
xxii.)  hyponitrous  acid  is  obtained  by  gradually  adding,  by  means  of  a 
tube  drawn  out  to  a fine  point,  45  parts  of  water  (5  atoms)  to  92  parts 
of  nitrous  acid  (2  atoms)  cooled  down  to  0°,  and  distilling  into  a receiver, 
surrounded  by  freezing  mixture,  till  the  boiling-point  rises  to  82°. 
(28®  C.)  The  product  is  of  an  indigo-blue  color. 

This  is  probably  pure  hyponitrous  acid  (Gmelin.) 

Its  vapor  is  orange- colored,  and  its  boiling-point 
below  82°;  but  Avhen  distilled,  it  is  partially  de- 
composed into  nitric  oxide  and  nitrous  acid:  its 
aqueous  solution  is  blue.  The  component  volumes 
of  nitrogen  and  oxygen  in  hyponitrous  acid  are, 
as  in  the  annexed  diagram,  I and  I ’5;  or  it  con- 
sists of 

Volumes. 

Nitrogen  1 14  36* *8  2 ) Nitric  oxide  4 

Oxygen 3 24  03*2  3 / ~ Oxygen  ....  1 

Hyponitrous  acid....  1 38  lOO’O 

The  hyponitrous  acid  appears  to  form  distinct  salts  by  combining 
with  the  salifiable  bases.  When,  for  instance,  nitrate  of  potassa  or 
nitrate  of  baryta  are  heated,  oxygen  is  evolved,  and  a soluble  hyponitrite 
remains.  KO,  N05  = K0,N03, -fi  2 O.  When  nitric  oxide  gas  is 
kept  for  some  weeks  in  contact  with  a solution  of  potassa,  it  is  partly 
converted  into  nitrous  oxide,  and  the  solution  yields  crystals  of  liyponitritc 
of  potassa;  100  volumes  of  nitric  oxide  left  25  of  nitrous  oxide:  the  acid, 
therefore,  which  was  absorbed,  consisted  of  100  volumes  of  nitrogen,  and 
150  of  oxygen.  According  to  Berzelius,  several  of  the  hyponitrites  are 
best  obtained  by  boiling  metallic  lead  in  a solution  of  nitrate  of  lead,  by 
which  a hyponitrite  of  lead  is  formed : this  salt  may  then  be  decomposed 
by  sulphates,  which  form  sulphate  of  lead,  and  the  hyponitrous  acid 
unites  to  the  base  of  the  original  sulphate.  Mitscherlich  prepares  hypo- 
nitrites  by  the  mutual  action  of  soluble  chlorides  and  hyponitrite  of 
silver  (see  Silver.) 

Nitrous  Acid.  Hyponitric  Acid.  Peroxide  of  Nitrogen  (Graham.) 

• • • • 

N04  or  N.  When  2 volumes  of  nitric  oxide  and  1 volume  of  oxygen 
are  mixed  in  an  exhausted  glass  vessel,  the  gases  combine  with  the 
the  evolution  of  heat  consequent  upon  their  mutual  condensation,  and 
form  nitrous  acid  vapor,  which  is  condensible  into  a liquid  at  0°,  and 
crystallises  at  a somewhat  lower  temperature.  The  specific  gravity  of  this 
liquid  is  1*45;  at  32°  it  is  pale  yellow;  but  at  60°  deep  orange:  it  boils 
at  82°,  (Gay  Lussac,)  (at  72°,  Peligot,)  and  when  exposed  to  the  air  at 
common  temperature,  gradually  evaporates  in  yellow  fumes.  (Dulong, 
Ann.  Ch.  et  Ph.,  ii.)  When  a mixture  of  the  gases,  in  the  above  pro- 
portions, is  jjropelled  through  a tube  cooled  to  0°,  the  liquid  acid  is  at 
once  obtained.  If  the  gases  be  mixed  over  water,  hyponitrous  acid  and 
nitric  acid  are  formed  at  low  temperatures;  (2  N04  = N03,N05,)  and  at 
higher  temperatures  nitric  acid  and  nitric  oxide  are  the  results.  (3  N04=: 
2N05,N02.)  The  product  of  the  distillation  of  dry  nitrate  of  lead  appears 


Nitrogen. 

14 

Oxygen. 

8 

8 

8 
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to  be  nitrous  acid,  nearly,  if  not  quite  pure  and  anliy- 
drous;  the  salt  should  be  put  into  a small  retort,  ’with 
the  beak  drawn  out,  and  introduced  into  a small  tube 
receiver,  as  in  fig.  274,  which  should  be  immersed 
in  a freezing  mixture:  when  a sufficient  quantity  of 
the  liquid  acid  is  collected  in  it,  it  may  be  sealed  by 
applying  the  flame  of  a spirit  lamp  to  the  elongated 
neck. 

Nitrous  acid  vapor  supports  the  combustion  of  phos- 
phorus, and  of  charcoal,  but  extinguishes  sulphur.  Its  color,  like  the  liquid 
acid,  varies  with  the  temperature,  becoming  darker  when  heated,  and  paler 
when  cooled;  it  has  a very  peculiar  odor,  which  strongly  adheres  to  the 
hair  and  to  woollen  clothing.  Nitrous  acid  does  not  apparently  unite 
with  the  bases,  but  forms  with  them  hyponitriles  and  nitrates^  hence  it 
has  been  regarded  as  a compound  of  hyponitrous  and  nitric  acids: 
when  passed  over  baryta  and  other  bases,  at  a temperature  of  between 
.300'^  and  400^,  it  is  very  rapidly  absorbed  with  the  evolution  of  heat,  and 
the  products  are,  according  to  Gay  Lussac,  as  just  stated.  (^Ann.  Cli.  et 

Ph;  i.) 

Nitrous  acid  vapor  is  constituted 


of  1 volume  of  nitrogen,  and  2 
volumes  of  oxygen  condensed 
into  1 volume;  or,  as  above 
stated,  and  as  will  be  apparent 
from  the  annexed  diagram,  of 
2 volumes  of  nitric  oxide  and 
1 volume  of  oxygen.  Its  spe- 
cific gravity,  therefore,  to  hydro- 
gen, will  be  as  46  to  1 ; to  air,  as 
3’J9  to  1 ; and  100  cubic  inches 
Avill  weigh  98*8  grains.  It  is,  therefore,  obviously  constituted  of 


Nitrogen. 

Oxygen. 

8 

14 

8 

N i troiis 
Acid. 

8 

4G 

8 

Dulong.  Peligot.  Vols.  Sp.  Or. 

Nitrogen  1 ....  14  ....  30‘4  ....  29'96  ....  30*57  ....  1 ....  0*970G 

Oxygen  4 ....  32  ....  G9  C ....  70*04  ....  G9*43  ....  2 ....  2-218G 


Nitrous  acid....  • 1 4G  100*0  100*00  100*00  1 3*1892 


Nitric  Acid.  Azotic  Acid.  N05,  or  N;  and  in  its  hydrated  state, 
H0,N05,  or  H,NOg.  The  composition  of  this  acid  was  first  demon- 
strated by  Cavendish,  in  1785.  {Phil,  Trans.)  He  produced  it  by  pass- 
ing a succession  of  electric  sparks  through  a mixture  of  7 volumes  of 
oxygen  and  3 of  nitrogen,  This  experiment  has  more  lately  been  verified 
by  Faraday  {Experimental  Researches.,  3rd  Series,  § 324,)  in  reference  to 
the  appearance  of  minute  quantities  of  nitric  acid  in  the  rain  of  thunder 
storms.  Nitric  acid  is  also  formed  when  nitric  oxide  is  slowly  added  to 
an  excess  of  oxygen  gas,  over  water.  In  this  way  4 volumes  of  nitric 
oxide  condense  3 volumes  of  oxygen;  but  nitric  oxide  and  oxygen  never 
combine  in  these  proportions  without  the  presence  of  water,  or  a base, 
and  dry  nitric  acid,  N05,  has  not  been  insulated. 

Nitric  acid  (HO,N05)  is  usually  obtained  by  the  distillation  of  purified 
nitre  with  sulphuric  acid,  of  which  materials  diflerent  proportions  are  em- 
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ployed.  The  nitric  acid  of  commerce,  which  is  generally  red  and  fuming, 
in  consequence  of  the  presence  of  nitrous  acid,  is  procured  by  distillation 
of  two  parts  of  nitre  with  one  of  sulphuric  acid ; these  proportions  atford 
about  one  part  of  orange-colored  nitric  acid  of  the  specific  gravity  of 
1*48.  Upon  the  large  scale,  II21bs.  of  nitre,  and  56  of  sulphuric  acid, 
yield  from  50  to  52 lbs.  of  nitric  acid.  Some  manufacturers  employ  three 
parts  of  nitre  and  two  of  sulphuric  acid,  and  the  London  Pharmacopceia 
directs  equal  weights,  by  which  nearly  a colorless  nitric  acid  is  alforded, 
provided  the  distillation  be  conducted  at  as  low  a temperature  as  possible. 
Nitrate  of  soda  being  cheaper  than  nitrate  of  potassa,  is  also  frequently 
resorted  to  as  a source  of  nitric  acid.  “As  nitre  generally  contains  a 
little  sea  salt,  the  first  portions  of  acid  which  distil  are  impure,  containing 
chlorine  and  nitrous  acid,  but  they  serve  to  wash  quite  clean  the  neck  of 
the  retort,  on  which  some  sulphuric  acid  is  commonly  to  be  found  in  spite 
of  all  our  care,  as  well  as  traces  of  powdered  nitre ; it  is  best,  therefore,  to 
collect  the  first  portion,  say  one-tenth  of  the  whole,  in  a separate  receiver, 
and  when  the  liquid  that  drops  is  found  to  be  free  from  chlorine,  (by  the 
test  of  nitrate  of  silver,)  the  receiver  is  changed,  and  the  rest  of  the  nitric 
acid  is  thus  obtained  quite  pure,  or,  at  most,  slightly  tinged  by  nitrous 
acid.  By  this  simple  device,  we  avoid  the  necessity  of  redistilling  the 
acid,  as  commonly  directed.  The  impure  portion  which  first  passes  over 
is  well  adapted  for  experiments  of  illustration.”  (Gregory.)  When  2 
equivalents  of  sulphuric  acid  (oil  of  vitriol)  to  I of  nitre  are  used,  the 
results  are  1 equivalent  of  hydrated  bisulphate  of  potassa  and  I of  mono- 
hydrated  nitric  acid:  K0,N05 -1-2[S03,H0]  = K0,II0,2S03H- N05,II0. 
When  100  parts  of  nitre,  96‘8  of  oil  of  vitriol,  and  40*45  of  water  are 
mixed  and  distilled,  at  266®  to  270®,  nitric  acid,  of  specific  gravity  1*4, 
passes  over  during  the  whole  process.  (Mitscherlich.) 

Oil  of  vitriol  of  the  sp.  gr.  1*84,  contains  one  equivalent  of  dry  sul- 
phuric acid  and  one  of  water;  whereas  liquid  nitric  acid  usually  con- 
tains one  equivalent  of  dry  acid  and  two  of  water:  hence  the  requisite 
excess  of  oil  of  vitriol,  where  colorless  and  perfect  nitric  acid  is  to  be 
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obtained;  lienee,  too,  the  red  color  of  the  acid  of  commerce,  in  conse- 
quence of  the  smaller  quantity  of  oil  of  vitriol  generally  used  by  the 
manufacturer,  the  deficiency  of  water  occasioning  the  nitric  acid  to  be 
resolved  into  nitrous  acid  and  oxygen.  This  will  be  more  apparent  by 
reference  to  the  article  BLsidphate  of  Potassa. 

The  distillation  of  nitric  acid  may  be  conducted  upon  the  small  scale 
in  a tubulated  glass  retort  «,  with  a tubulated  receiver  6,  passing  into  the 
bottle  c,  as  shown  in  the  preceding  wood-cut.  The  requisite  heat  is 
obtained  by  the  lamp  c?,  and  the  whole  apparatus  supported  by  the  brass 
stands  with  sliding  rings  e e. 

But  the  manufacturer  who  prepares  nitric  acid  upon  a large  scale, 
generally  employs  distillatory  vessels  of  stone  ware.  The  following  wood- 
cut  represents  the  ari  angement  of  the  distillatory  apparatus  for  the  pro- 
duction of  common  aqiiaforiis : it  consists  of  a pot  set  in  brick-work,  over 
a fire-place;  an  earthen  head  is  luted  upon  it,  communicating  with  two  or 
more  receivers  of  the  same  material,  furnished  with  earthen* ware  stop- 
cocks, the  last  of  which  has  a tube  of  safety  dipping  into  a basin  of  water. 
The  second  receiver  contains  water,  and  in  it  the  nitrous  vapors  are  con 
densed,  the  stronger  acid  being  collected  in  the  first. 


The  nitric  acid,  or  aquafortis  of  commerce,  is  always  impure,  and 
hydrochloric  and  sulphuric  acids  may  generally  be  found  in  it.  The 
former  may  be  detected  by  nitrate  of  silver^  and  the  latter  by  a dilute 
solution  of  nitrate  of  baryta.  If,  however,  pure  nitre  and  pure  sulphuric 
acid  be  employed  in  its  production,  and  the  latter  not  in  excess,  there  is 
little  apprehension  of  impurity  in  the  resulting  acid.  If  the  acid  is 
colored  by  the  presence  of  nitrous  acid,  it  is  rendered  colorless  by  boiling, 
which  is  best  performed  in  a retort,  with  a loosely-attached  receiver:  the 
nitrous  acid  passes  off.  If  it  contain  hydrochloric  acid  this  is  also 
decomposed  by  boiling,  and  chlorine  escapes. 
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Pure  and  perfect  nitric  acid  is  a colorless  liquid,  extremely  sour  and 
corrosive,  and  very  intense  in  its  action  upon  the  greater  number  of  inflam- 
mable bodies,  to  which  it  imparts  oxygen,  and  by  which  it  is  resolved  into 
some  of  the  inferiorly-oxidized  compounds.  Its  specific  gravity,  as  usually 
obtained,  fluctuates  between  1*4  and  1*5.  At  247°,  when  of  the  specific 
gravity  1'40,  it  boils  and  distils  over  without  change,  but  the  dilute  acid  is 
strengthened  by  boiling;  and  the  strongest  acid  boils  at  a lower  tempera- 
ture that  that  which  is  of  a somewhat  less  specific  gravity.  The  following 
table  of  boiling-points  has  been  given  by  Mr.  Dalton,  which  shows  that 
the  boiling-point  of  the  acid  of  the  specific  gravity  1*42,  composed  of  1 
atom  of  real  acid  and  4 atoms  of  water,  is  the  maximum.  This  is  called 
by  Mr.  Graham  “the  proper  nitrate  of  water ; and  of  the  four  atoms  of 
water  which  it  contains,  one  is  combined  with  the  acid,  as  base,  and  may 
be  named  basic  water^  while  the  other  three  are  in  combination  with  the 
I nitrate  of  water,  and  may  be  termed  the  constitutional  water  of  the  salt.” 
i He  represents  this  acid  in  symbols,  thus,  H0,N05-j-3  HO. 


Acid  of  specific  gravity  1’50  boils  at  210^ 


Acid  of  specific  gravity  1’35  boils  at  242' 


1*45 

5? 

240 

1*30 

}5 

230 

1*42 

248 

1*20 

3? 

220 

1*40 

247 

1*15 

J5 

219 

At  — 40°  the  concentrated  acid  congeals.  When  diluted  with  half  its 
weight  of  water  it  freezes  at  about  — 2°.  When  the  acid  of  1 '45  is  exposed 
to  the  air  it  exhales  fumes  of  a peculiar  odor,  and  gradually  absorbs 
water,  so  that  its  bulk  becomes  increased,  and  its  specific  gravity  ultimately 
diminished.  It  sufiers  a partial  decomposition  when  exposed  to  light, 
becoming  yellow  and  evolving  oxygen,  so  that  it  should  be  kept  in  a dark 
place,  and  especially  excluded  from  the  direct  rays  of  the  sun.  By  dis- 
tilling nitric  acid  (sp.  gr.  1*4)  twice  successively  from  four  times  its  weight 
of  sulphuric  acid,  Gay  Lussac  increased  its  density  to  1*510.  In  this 
state  he  found  it  remarkably  susceptible  of  decomposition  by  heat  or  light. 

nn.  Ch.  et  Pk.^  i.)  According  to  Thenard,  a mixture  of  1 part  of 
nitric  and  4 of  sulphuric  acid,  gently  heated,  affords  oxygen  and  nitrous 
acid,  the  sulphuric  acid  becoming  diluted  by  the  abstraction  of  the  water 
of  the  nitric  acid. 

When  nitric  acid  is  mixed  with  snow,  the  latter  is  suddenly  liquified, 
and  intense  cold  is  produced.  Nitric  acid,  of  the  sp.  gr.  1*5,  mixed  with 
half  its  bulk  of  water,  occasions  an  elevation  of  temperature  in  the  mix- 
ture = 112°:  58  parts  of  the  acid  with  42  of  water,  both  at  60°,  give,  on 
mixture,  a temperature  of  140°.  (Ure,  Quarterly  Journal^  iv.  298.) 
On  diluting  the  red  fuming  acid  it  assumes  various  tints  of  bluish  green 
dependent  upon  the  quantity  of  water  added. 

Nitric  acid  has  not,  as  already  stated,  been 
obtained  in  an  anhydrous  state;  the  liquid  acid 
being  a compound  of  the  anhydrous  acid  and  wa- 
ter, or,  in  the  language  of  Mr.  Graham,  a nitrate 
of  water;  the  salts  called  nitrates^  (such  as 
nitrate  of  pofassa,)  are  compounds  of  the  anhy- 
drous acid  and  a salifiable  base.  Anhydrous 
nitric  acid  is  constituted  of  one  volume  of  nitro- 
gen and  two  volumes  and  a half  of  oxygen,  as  in 
the  annexed  diagram. 
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It  is  therefore  a compound  of 

Lavoisier.  Cavendish.  Berzelius. 


Nitrogen 

1 .... 

....  14  .... 

....  25-9  .... 

....  20  .... 

....  25  .... 

20 

Oxygen  

5 .... 

....  40  ..., 

74*1  .... 

....  80  .... 

75  .... 

74 

1 

54 

1000 

100 

100 

100 

The  liquid  nitric  acid  in  its  utmost  state  of  concentration  (sp.  gr.  1’5), 
consists,  according  to  Phillips,  of  one  equivalent  of  anhydrous  acid  and 
one  and  a half  of  water.  According  to  Dr.  Ure,  the  acid  of  a specific 
gravity  of  1*486  contains  one  equivalent  of  real  acid  and  two  of  water: 
hence  the  following  table: — 

Sp.  gr.  = r.5.  Sp.  gr.  = r486. 

’ , — 


Anhydrous  acid 
Water  


1 ....  54  ....  80 

H ....  13*5  10 


1 ....  54  ...  75 

2 ....  18  ....  25 


1 67*5  100 


72  100 


The  following  table,  drawn  up  by  Dr.  Ure,  exhibits  the  quantity  of 
dry  acid  and  of  liquid  acid  (sp.  gr.  1*5)  at  different  densities;  (^Quarterly 
Journal^  iv.  297,  and  Dictionary^  P*  71,  sec.  edit.;)  the  quantity  of 
anhydrous  acid  in  the  liquid  acid  of  sp.  gr.  1*50  being  assumed  = 79'7« 
The  column  of  dry  acid  shows  the  weight  which  any  salifiable  base 
would  gain  by  uniting,  so  as  to  form  an  anhydrous  salt,  with  100  parts  of 
the  liquid  acid  of  the  corresponding  specific  gravity. 


Specific 

Liquid 

Rcid 

Dry  acid 

Specific 

Liquid 

3;Cid 

Dry  acid 

Specific 

Liquid 

Q oi  rl 

Dry  acid 

gravity 

in  100. 

in  100. 

gravity. 

in  100. 

in  100. 

gravity. 

dL/ICi 

in  100. 

in  100. 

1-5000 

100 

79-700 

1-3783 

66 

52-602 

1-1895 

33 

26-301 

1-4980 

99 

78-903 

1-3732 

65 

51-805 

1-1833 

32 

25-504 

1-4960 

98 

78-106 

1-3681 

64 

51-068 

1-1770 

31 

24-707 

1-4940 

97 

77-309 

1-3630 

63 

50-211 

1-1709 

30 

23-900 

1-4910 

96 

76-512 

1-3579 

62 

49-414 

1-1648 

29 

23-113 

1-4880 

95 

75-715 

1-3529 

61 

48-617 

1-1587 

28 

22-316 

1-4850 

94 

74-918 

1-3477 

60 

47*820 

1-1426 

27 

21-519 

1-4820 

93 

74-121 

1-3427 

59 

47023 

1-1465 

26 

20-722 

1-4790 

92 

73-324 

1-3376 

58 

46-226 

1-1403 

25 

19-925 

1-4760 

91 

72-527 

1-3323 

57 

45  429 

1-1345 

24 

19-128 

1-4730 

90 

71*730 

1-3270 

56 

44-632 

1-1286 

23 

18-331 

1-4700 

89 

70-933 

1-3216 

55 

43-835 

1-2217 

22 

17*534 

1-4670 

88 

70-136 

1-3163 

54 

43-038 

1-1168 

21 

I6-737 

1-4640 

87 

69-339 

1-3110 

53 

42-241 

1-1109 

20 

15-940 

1-4600 

86 

68-542 

1-3056 

52 

41-444 

1-1051 

19 

15-143 

1-4570 

85 

67-745 

1-3001 

51 

40-647 

1-0993 

18 

14-346 

1-4530 

84 

66-948 

1-2947 

50 

39-850 

1-0935 

17 

13-549 

1-4500 

83 

66-155 

1-2887 

49 

39-053 

1-0878 

16 

12-752 

1-4460 

82 

65-354 

1-2826 

48 

38-256 

1-0821 

15 

11-955 

1-4424 

81 

64-557 

1-2765 

47 

37*459 

1-0764 

14 

11-158 

1-4385 

80 

63-760 

1-2705 

46 

36-662 

1-0708 

13 

10-361 

1-4346 

79 

62-963 

1-2644 

45 

35-865 

1-0651 

12 

9-564 

1-4306 

78 

62-166 

1-2583 

44 

35-068 

1-0595 

11 

8-767 

1-4269 

77 

61-369 

1-2523 

43 

34-271 

1-0540 

10 

7*970 

1-4228 

76 

60-572 

1-2462 

42 

33-474 

1-0485 

9 

7173 

1-4189 

75 

59-775 

1-2402 

41 

32-677 

1-0430 

8 

6-376 

1-4147 

74 

58-978 

1-2341 

40 

31-880 

1-0375 

7 

5-579 

1-4107 

73 

58-181 

1-2277 

39 

31-083 

1-0320 

6 

4-782 

1-4065 

72 

57-384 

1-2212 

38 

30-286 

1-0267 

5 

3-985 

1-4023 

71 

56-587 

1-2148 

37 

29-489 

1-0212 

4 

3-188 

1-3978 

70 

55-790 

1-2084 

36 

28-692 

1-0159 

3 

2-391 

1-3945 

69 

54-993 

1-2019 

35 

27*895 

1-0106 

2 

1-594 

1-3882 

1-3833 

68 

67 

54-196 

53-399 

1-1958 

34 

27*098 

1-0053 

1 

0-797 
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Dr.  Thomson  has  constructed  the  following  table  showing  the  specific 
gravity  of  various  atomic  combinations  of  nitric  acid  and  water. 


Atoms  of 
Acid. 

1 .. 
1 
1 
1 

1 .. 
1 .. 
1 

1 .. 
) 

1 .. 
1 
1 

1 .. 
1 

1 .. 


Atoms  of 

Acid  in  100 

Specific 

Water. 

parts. 

Gravity. 

1 

85-714  ..  .. 

1-5500 

2 

75-000  

1-4855 

3 

GG-GG8  

1-4546 

4 

GO-000  

1-4237 

5 

54-545  

1-3928 

G 

50-000  

1-3692 

7 

4G-2G0  

1-3456 

8 

42-857  

1-3220 

9 

40-000  

1-3032 

10  

37-500  

1-2844 

11  

35-294  

1-2656 

12  

32-574  

1-2495 

13  

31-579  

1-2334 

14  

30-000  

1-2173 

15  

28-571  

1-2012 

Nitric  acid  may  be  decomposed  by  passing  its  vapor  through  a red- 
hot  porcelain  tube ; oxygen  is  given  off,  nitrous  acid  vapor  is  produced,  and 
a quantity  of  diluted  acid  passes  over  into  the  receiver,  having  escaped 
decomposition;  so  that  it  is  thus  proved  to  consist  of  nitrous  acid,  oxygen, 
and  water.  At  a white  heat,  oxygen,  nitrogen,  and  water,  only,  are 
evolved.  When  strong  nitric  acid  was  electrolysed,  no  gas  appeared  at 
the  negative  electrode,  but  nitrous  acid,  and  apparently  nitric  oxide,  were 
formed  there,  which  rendered  the  acid  red  and  effervescent.  In  dilute 
nitric  acid,  gas  appeared  at  the  negative  electrode,  its  quantity  being 
varied  by  variations  either  in  the  strength  of  the  acid  or  of  the  voltaic 
current : the  gas  at  the  anode  was  always  oxygen,  that  at  the  cathode, 
hydrogen.  When  the  quantity  of  products  was  examined  by  the  volta- 
meter, the  oxygen,  whether  from  strong  or  weak  acid,  was  always  in  the 
same  proportion  as  from  water.  When  the  acid  was  diluted  to  sp.  gr. 
1*24  or  less,  the  hydrogen  also  proved  to  be  in  the  same  quantity  as  from 
water;  hence  Faraday  concludes,  that  nitric  acid  does  not  undergo  electro- 
chemical decomposition,  but  the  water  only  : that  the  oxygen  at  the 
anode  is  always  a primary  result,  but  that  the  products  at  the  cathode 
are  often  secondary,  and  due  to  the  reaction  of  the  hydrogen  upon  the 
acid.  (Phil.  Trans..,  1834,  p.  96.) 

According  to  Daniell  the  result  of  the  electrolysis  of  nitric  acid, 
composed  of  I atom  of  anhydrous  acid  and  1 of  water,  is  attended  by  the 
evolution  of  hydrogen  at  the  cathode,  and  of  a compound  (which  he 
calls  oxynitriori)  of  1 atom  of  nitrogen  and  6 of  oxygen,  at  the  anode; 
hence  II0,N05,  becomes  in  such  case  N06,H.  (Phil.  Trans.,  1840, 
p.  223.)  These  results  of  the  electrolysis  of  the  nitric  and  other  hydrated 
acids  importantly  affect  our  theoretical  notions  of  their  constitution ; 
thus  it  is  obvious  that  liquid  nitric  acid  may  either  be  represented  as  a 
hydrate  of  a hypothetical  dry  acid,  and  this  is  the  usual  view;  or  it  may 
be  considered  as  a compound  of  hydrogen  with  the  hypothetical  base 
NOg.  The  advantage  of  the  latter  view  is  that  it  assimilates  the  hydrated 
oxyacids  and  their  salts,  with  the  hydracids  and  their  salts.  If,  for 
instance,  nitric  acid  be  represented  as  II-j-NOc  instead  of  HOq-N()5, 
(or  as  Graham  calls  it,  a niirale  of  water'),  then  nitrate  of  potassa  will  be 
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K + NOe  instead  of  KO + N05;  that  is,  the  atom  of  hydrogen  in  the 
acid,  is  replaced  in  the  salt  by  an  atom  of  potassium.  In  the  hydracids, 
take  for  instance  the  hydrochloric,  H + Cl,  the  hydrogen  is  similarly 
replaced  by  a metal  in  the  formation  of  their  salts,  chloride  of  potassium 
being  K-fCl. : it  is  obvious  that  here,  the  compound  body  NOe  is 
regarded  as  performing  the  functions  of  the  supposed  elementary  body 
Cl.  These  views  originated  with  Davy,  and  have  recently  been  adopted 
by  several  eminent  chemists. 

When  nitric  oxide  is  passed  through  concentrated  nitric  acid,  it  is 
decomposed,  and  nitrous  acid  is  formed,  partly  by  the  acquisition  of 
oxygen  by  the  oxide,  and  partly  by  its  loss  by  the  acid.  Dr.  Turner 
o])seiwes,  that  “ The  nitrous  acid  thus  derived  from  two  sources  gives  a 
color  to  the  nitric  acid,  the  depth  and  kind  of  which  depend  upon  the 
quantity  of  the  deutoxide  of  nitrogen  which  has  been  employed.  The 
first  portion  communicates  a pale  straw-color,  which  gradually  deepens 
as  the  absorption  of  the  deutoxide  continues,  till  the  nitric  acid  has 
acquired  a deep  orange  hue,  together  with  all  the  characters  of  strong, 
fuming  nitrous  acid.  But  the  solution  still  continues  to  absorb  the 
deutoxide,  and,  in  doing  so,  its  color  passes  through  different  shades  of 
olive  and  green,  till  it  becomes  greenish-blue.  By  applying  heat  to  the 
blue  liquid,  the  deutoxide  of  nitrogen  is  evolved,  and  in  proportion  as  it 
escapes,  the  color  of  the  solution  changes  to  green,  olive,  orange,  and 
yellow;  at  length  becoming  pale  as  at  first.  Nitrous  acid  vapors  are 
likewise  disengaged  as  well  as  the  deutoxide.  These  phenomena  are 
very  favorable  to  the  view  that  the  conversion  of  the  orange-color  into 
olive,  green,  and  blue,  is  owing  to  the  formation  of  hyponitrous  acid.” 
[Elements  of  Chem.^  5th  ed.,  290.) 

Some  of  the  metals,  such  as  copper,  tin,  and  silver,  are  at  first  Avithout 
action  on  concentrated  nitric  acid,  but  become  vehemently  active  upon 
the  addition  of  a little  water.  Poured  upon  hot  iron-filings  or  melted 
bismuth,  zinc,  or  tin,  nitric  acid  causes  a combustion  of  the  metals.  In 
acting  upon  the  metals  which  decompose  water,  nitric  acid  gives  rise  to 
the  formation  of  ammonia,  and  nitrate  of  ammonia  is  among  the  results, 
a fact  long  ago  noticed  by  Payen,  Pelletier,  and  Guyton-Morveau,  and 
more  lately  examined  by  Kuhlmann,  and  by  Fordos  and  Gelis.  (An?i. 
Ck.  et  Ph.^  Juillet,  1843.)  No  ammonia  is  formed  during  the  action  of 
nitric  acid  on  copper,  lead,  antimony,  bismuth,  mercury,  or  silver. 

The  facility  with  which  nitric  acid  imparts  oxygen,  renders  it  a 
valuable  oxidizing  agent.  Phosphorus  decomposes  it  at  common  temper- 
atures, and  sulphur  and  carbon,  when  aided  by  heat.  A piece  of  glow- 
ing charcoal  thrown  upon  the  surface  of  the  concentrated  acid,  burns 
vehemently  with  the  evolution  of  red  fumes.  (Berzelius.)  It  acts  ener- 
getically (often,  when  diluted,)  upon  the  greater  number  of  organic 
bodies,  and  mutual  decompositions  ensue.  A drachm  of  oil  of  turpen- 
tine mixed  with  half  a drachm  of  sulphuric  acid,  instantly  bursts  into 
flame  upon  the  addition  of  a drachm  of  nitric  acid.  Malic,  oxalic, 
and  carbonic  acids,  are  the  common  products  of  the  action  of  dilute 
nitric  acid  upon  many  vegetable  and  animal  substances  : ammonia,  and 
hydrocyanic  acid  are  also  sometimes  formed.  It  tinges  many  animal 
substances  of  a yellow  color,  and  permanently  stains  the  nails  and 
cuticle ; it  is  hence  employed  in  the  production  of  yellow  patterns  upon 
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colored  woollen  goods.  It  is  used  in  fumigations  to  destroy  contagious 
and  infectious  matter,  more  especially  where  chlorine  would  prove  inju 
rious ; for  this  purpose  nitrate  of  potassa  and  sulphuric  acid  are  mixed  in 
a saucer,  and  the  evolution  of  the  acid  vapor  aided  by  a gentle  heat;  hut 
it  is  not  so  effective  as  chlorine.  In  pharmacy,  and  a variety  of  other 
processes,  it  is  susceptible  of  interesting  applications : it  is  used  for 
etching  on  copper,  and  as  a solvent  for  tin  in  the  preparation  of  valuable 
mordants  used  by  dyers  and  calico  printers : it  is  an  important  agent  in 
metallurgy,  and  especially  in  the  art  of  assaying.  In  medicine  it  is  pre- 
scribed as  a tonic ; and  occasionally  in  syphilitic,  hepatic,  and  eruptive 
disorders;  and  in  surgery  as  an  energetic  caustic.  In  the  bite  of  rabid 
1 animals,  if  effectually  applied  to  the  wound,  there  is  every  reason  to 
believe  that  it  would  destroy  the  poison  and  prevent  its  consequences. 

As  the  salts  of  nitric  acid  are  all  soluble  in  water,  neither  its  presence 
nor  quantity  can  be  determined  by  any  precipitating  re-agent.  When 
uncombined,  it  is  recognised  by  the  facility  with  which  it  attacks  copper, 
causing  the  evolution  of  nitric  oxide,  and  affording  a blue  solution;  and 
by  the  formation  of  nitre^  when  it  is  saturated  with  potassa,  which  salt 
readily  crystallizes  in  long  six-sided  prisms.  When  hydrochloric  acid  is 
added  to  a solution  of  a nitrate^  chlorine  is  evolved,  and  the  liquid  acquires 
the  power  of  dissolving  gold-leaf;  but  as  the  action  of  hydrochloric  acid 
on  the  salts  of  chloric  and  bromic  acid  also  furnishes  a solution  which 
dissolves  gold,  no  inference  can  be  drawn  from  the  experiment,  except 
the  absence  of  those  acids  has  been  previously  ascertained. 

The  following  method  of  detec  ting  the  presence  of  nitric  acid  has  been 
suggested  by  Liebig,  who  says  that  it  is  effective  when  not  more  than 
a four-hundredth  part  of  the  acid  is  present.  The  liquid  to  be  examined 
must  be  mixed  with  a sufficiency  of  sulphuric  solution  of  indigo,  to  acquire 
a distinct  blue  color ; a few  drops  of  concentrated  sulphuric  acid  are 
then  added,  and  the  whole  boiled;  if  the  liquid  contain  a nitrate,  it  will 
either  be  bleached  or  rendered  yellow.  By  adding  a little  common  salt 
to  the  liquid  before  applying  heat,  a five-hundredth  part  of  nitric  acid 
may  be  discovered.  \Ann.  Ch.  et  Ph.,  xxxv.  80.) 

M.  Runge  proposes  to  detect  nitric  acid  and  its  combinations  as  fol- 
lows : — “ Pour  a solution  of  protochloride  of  iron  upon  the  surface  of  an 
amalgam  of  zinc,  and  then  place  a crystal  of  nitre  on  the  latter  in  the 
fluid : a dark  band  immediately  forms  around  the  crystal,  sometimes 
extending  over  the  whole  surface  of  the  amalgam.  All  the  nitrates,  as 
well  as  nitric  acid,  act  in  this  manner;  but  other  salts,  such,  for  instance, 
as  the  chlorates,  produce  no  such  effect,  so  that  a very  sensible  test  of 
the  presence  of  nitric  acid  is  thus  afforded.  It  is  necessary  that  the 
solution  employed  be  a protosalt  of  iron.  If  nitric  acid  is  supposed  to 
exist  in  a liquid,  it  should  be  saturated  with  potassa,  evaporated  to  dry- 
ness, and  the  dry  mass  tried.  Salts  of  copper  and  silver  must  not  be 
present;.”  (^Annalen  der  Physik^  1827.) 

Another  test  for  nitric  acid  has  been  proposed  by  Richemont:  the 
liquid  suspected  to  contain  a nitrate  is  mixed  with  an  equal  bulk  of  sul- 
phuric acid,  and  when  cool  a few  drops  of  a strong  solution  of  proto- 
sulphate of  iron  are  added;  nitric  oxide  is  evolved,  which  produces  a 
purplish  tint,  even  when  the  quantity  of  nitric  acid  is  very  small.  Dr. 
Turner  observes  that  another  character  which  may  be  useful  consists  in 
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mixing  the  supposed  nitric  acid  or  nitrate  with  dilute  sulphuric  acid,  in 
a tube,  adding  a few  fragments  of  zinc,  and  setting  tire  to  the  hydrogen 
as  it  issues  ; if  nitric  acid  be  present  the  flame  of  the  hydrogen  will  have 
a greenish-white  tint,  due  to  the  admixture  with  binoxide  of  nitrogen. 
“ A very  delicate  test,”  he  adds,  “ has  been  proposed  by  O’Shaugnessy, 
founded  on  the  orange-red,  followed  by  a yellow  color,  which  nitric  acid 
communicates  to  morphia.  The  supposed  nitrate  is  heated  in  a test  tube 
with  a drop  of  sulphuric  acid,  and  then  a crystal  of  morphia  is  added. 
It  is  advisable  to  try  the  process  in  a separate  tube  with  the  sulphuric 
acid  alone,  in  order  to  prove  the  absence  of  nitric  acid  in  it.” 

Nitric  acid  is  an  important  agent  in  the  operations  of  analysis.  It  is 
used, — 1.  to  oxidize  and  dissolve  the  metals,  and  to  separate  them  from 
the  few  which  are  not  acted  upon  by  it,  especially  gold  and  platinum:  it 
is  of  constant  use  in  the  process  of  assaying,  for  separating  silver  from 
gold.  2.  To  separate  certain  metals  in  the  form  of  insoluble  peroxides, 
such  as  antimony  and  tin,  from  those  which  yield  soluble  oxides,  as  in 
the  separation  of  tin  from  mercury ; it  also  is  useful  in  the  peroxidize- 
ment  of  iron  and  manganese,  by  which  those  metals  are  rendered 
insoluble  in  nitric  acid,  and  thus  separable  from  soluble  earths,  &c. 
3.  Dilute  nitric  acid  separates  sulphur  from  the  metals  in  the  form  of 
an  insoluble  magma,  or  grey  powder,  as  in  the  analysis  of  sulphuret  of 
copper,  of  lead,  or  of  silver ; if  concentrated,  it  acidifies  sulphur  and 
arsenic.  4.  The  concentrated  acid  detects  sulphuretted  hydrogen  by  the 
production  of  a white  cloud,  and  the  destruction  of  its  fetid  odor.  5. 
It  is  used  as  a solvent  to  determine  the  nature  of  certain  precipitates, 
and  to  separate  the  soluble  from  the  insoluble.  The  precipitates  formed 
by  the  vegetable  acids,  by  succinic  acid,  by  phosphoric  acid,  and  by 
arsenic  acid  in  the  solutions  of  baryta,  of  lime,  and  of  lead,  are  soluble 
in  dilute  nitric  acid ; but  the  precipitate  by  sulphuric  acid  in  solutions  of 
baryta  is  insoluble,  and  that  in  solution  of  lead  difiicultly  soluble,  requir- 
ing about  100  parts  of  the  acid.  6.  Nitric  acid  is  a test  of  certain  organic 
substances : it  generally  tinges  those  containing  nitrogen  of  a yellow 
color;  it  detects  strychnia,  by  rendering  it  red;  the  nitric  solution  of 
uric  acid  leaves  a red  residue  on  evaporation;  it  changes  polychroite  to 
green,  and  guaiacum  to  blue  and  green.  It  distinguishes  gum  from 
starch,  by  converting  the  former  into  mucous  or  saclactic  acid : cork  it 
converts  into  suberic  acid.  7*  Many  of  the  nitrates,  and  the  nitro- 
hydrochloric  acid,  are  used  as  tests.  (Ppaff.  Handbuch  der  Analyiischen 
Chemie^  i.  98,  2nd  ed.) 

Nitrates,  Most  of  these  salts  are  neutral,  corresponding  with  the 
general  formula  M0-fN05;  or  upon  the  binary  theory  M -f  N06. 
Their  general  properties  will  be  described  afterwards.  They  are  decom- 
posed when  gently  heated  with  oil  of  vitriol,  evolving  fumes  of  nitric  and 
nitrous  acid ; they  also  deflagrate  with  red-hot  charcoal,  forming  carbo- 
nates, and  giving  off  carbonic  acid  gas.  Graham  observes,  with  respect 
to  the  nitrates  of  the  magnesian  class,  that  they  all  contain  water  in 
intimate  combination,  so  that  1 equivalent  of  it  appears  to  be  essential 
to  the  salt,  and  their  formula  is  analogous  to  that  of  the  nitric  acid 
itself.  It  has  been  above  stated  that  of  the  4 atoms  of  water  which 
nitric  acid,  sp.  gr.  1 ‘42,  contains,  1 is  combined  with  the  acid  as  base, 
and  therefore  termed  basic  water,,  while  the  other  3 are  in  combination 
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Avith  the  nitrate  of  water,  and  form  the  coiistiititional  water  of  that 
salt.  The  same  3 atoms  of  constitutional  water  are  found  in  all  the 
magnesian  nitrates,  with  the  addition  often  of  another  3 atoms  of  water, 
as  appears  from  the  following  formulas: — 

Nitric  acid  (1  *42)  HO,  NOs  + 3 HO 

Prismatic  nitrate  of  copper CuO,  NOs + 3 HO 

Rhomboidal  nitrate  of  copper  CuO,  NOs-f  3 HO  + 3 HO 

Nitrate  of  magnesia  MgO,  NOs + 3 HO +3  HO 

The  proportion  of  water  in  the  nitrate  of  magnesia  may  he  reduced,  by 
heating  the  salt,  to  1 atom,  leaving  the  compound  MgO,  NOs  + HO,  but 
on  urging  the  temperature  still  higher,  the  last  atom  of  water  and  the 
acid  are  expelled  together,  and  magnesia  is  left  behind ; neither  this  nor  ' 
any  other  nitrate  of  the  magnesian  class  being  capable  of  existing  without 
an  atom  of  water.  There  are  no  double  nitrates,  nor  are  there  any 
nitrates  with  excess  of  acid. 


Nitro-HydrocMoric  Acid. 
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Nitro-hydrochloric  Acid.  Nitro-muriatic  Acid.  This  term  has 
been  applied  to  the  Aqua  Regia  of  the  alchemists.  When  nitric  and 
hydrochloric  acids  are  mixed,  they  become  yellow,  and  acquire  the  power 
of  dissolving  gold,  which  neither  of  the  acids  possessed  separately.  This 
mixture  evolves  chlorine,  a partial  decomposition  of  both  acids  having 
taken  place,  and  water,  chlorine,  and  nitrous  acid  are  thus  produced ; 
that  is,  the  hydrogen  of  the  hydrochloric  acid  abstracts  oxygen  from  the 
nitric  to  form  water:  the  result  must  be  chlorine  and  nitrous  acid. 
(Davy,  Journal  of  Science  and  the  Aris^  vol.  i.  p.  67*)  The  annexed 
diagram  may,  perhaps,  serve  to  render 
these  mutual  changes  more  evident. 

Two  parts  of  hydrochloric  and  one  of 
nitric  acid  furnish  the  most  effective 
mixture;  but  a solution  having  the  same 
general  properties  is  obtained  by  adding 
nitre  to  hydrochloric  acid,  or  common  salt 
to  nitric  acid.  The  mutual  decomposi- 
tion of  the  two  acids  proceeds  only  so 

far  in  the  first  instance  as  to  saturate  the  liquid  with  chlorine;  but  when 
heat  is  applied,  chlorine  is  evolved  till  one  of  the  acids  is  entirely  de- 
composed. When  a metal  is  put  into  nitro-hydrochloric  acid,  it  absorbs 
the  chlorine,  and  is  dissolved;  for  the  liquid  cannot  become  then  satu- 
rated with  chlorine,  because  the  metal  combines  with  it  as  fast  as  it  is 
evolved  : the  application  of  heat  greatly  accelerates  this  action,  but  much 
chlorine  may  be  lost  by  employing  too  high  a temperature.  As  nitric 
oxide  is  evolved  during  the  solution  of  a metal  in  nitro-hydrochloric  acid, 
it  might  be  supposed  that  the  hydrogen  of  the  hydrochloric  acid  had 
reduced  the  nitric  acid  to  the  state  of  nitric  oxide;  but  Davy  has  shown 
that  a mixture  of  hydrochloric  and  nitrous  acids  possesses  none  of  the 
properties  of  Aqua  Regia : consequently,  the  evolution  of  nitric  oxide 
depends  upon  the  spontaneous  resolution  of  the  produced  nitrous  acid 
into  nitric  acid  and  nitric  oxide.  Nitro-hydrochloric  acid  is  the  common 
solvent  of  gold  and  platinum,  and  may,  with  proper  precautions,  be  used 
in  the  separation  of  those  metals  from  silver,  which  remains  as  an  inso- 
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luble  chloride.  It  furnishes  a useful  solution  of  tin;  and  is  employed  in 
the  analysis  of  minerals  containg  sulphur,  to  separate  and  acidify  that 
elementary  body.  During  the  solution  of  metals  in  this  acid,  the  forma- 
tion of  nitric  oxide  gas,  and  a metallic  chloride  is  as  follows  : — 3M,N05, 
3HC1  - 3MC1,  3HO,  NO2. 

Nitrogen  and  Chlorine.  Chloride  op  Nitrogen.  Terchloride 
OF  Nitrogen.  NCl3.  The  gases  do  not  unite  dh'ectly^  but  the  com- 
pound may  be  obtained  by  exposing  a solution  of  nitrate  or  hydrochlorate 
of  ammonia  to  the  action  of  chlorine,  at  a temperature  of  60°  or  70°. 
The  gas  is  absorbed,  and  an  oil-like  fluid,  heavier  than  water,  is  pro- 
duced by  the  union  of  the  nascent  nitrogen  (evolved  in  the  decomposition 
of  the  ammonia  of  the  salt)  with  the  chlorine.  NHs,  HCl, 6Clz= 
4HCl-i-NCl3.  It  was  discovered  by  Dulong,  in  1812  (Ann.  de  Chim.., 
Lxxxv.,)  and  its  properties  afterwards  investigated  by  Davy.  (Phit, 
Trans. 1813.  See  also  Serullas,  Ann.  Ch.  et  Ph..^  xLii.  200;  and  Millon, 
ibid..,  Lxix.  75.) 

The  simplest  mode  of  obtaining  this  compound  consists  in  filling  a 
perfectly  clean  glass  basin  with  a solution  of  I part  of  sal-ammoniac  in  12 
or  15  of  water,  and  inverting  into  it  a tall  jar  of  chlorine.  The  saline 
solution  is  gradually  absorbed,  and  rises  into  the  jar,  a film  forms  upon 
its  surface,  and  it  acquires  a yellow  color:  at  length  small  globules,  look- 
ing like  yellow  oil,  collect  upon  its  surface,  and  successively  fall  into  the 

basin  beneath,  whence  they  are 
most  conveniently  removed  by 
drawing  them  into  a small  and 
perfectly  clean  glass  syringe, 
made  of  a glass  tube  drawn  to 
pointed  orifice  (fig.  277?)  and  having  a copper- wire  with  a piece  of  clean 
tow  wrapped  round  it  for  a piston;  in  this  way  a globule  may  be  drawn 
into  the  tube,  and  transferred  to  any  other  vessel.  Balard  obtained  this 
compound  by  suspending  a piece  of  sulphate  of  ammonia  in  a strong 
solution  of  hypochlorous  acid. 

The  specific  gravity  of  chloride  of  nitrogen  is  1*65  ; it  is  not  congealed 
by  cold.  Its  odor  is  irritating  and  peculiar ; it  very  soon  evaporates 
when  exposed  to  air.  It  is  apparently  a non-conductor  of  electricity.  It 
is  dangerously  explosive,  and  is  decomposed  with  violent  detonation  by 
many  combustibles,  especially  phosphorus  and  fixed  oils.  In  making 
these  experiments,  which  should  be  conducted  with  extreme  caution,  and 
the  face  protected  by  a mask,  (Dulong  lost  an  eye  and  the  use  of  a finger, 
and  Sir  H.  Davy  was  wounded  in  the  face,  by  the  effects  of  its  detona- 
tion,) a small  globule  of  the  compound,  about  the  size  of  a mustard 
seed,  may  be  cautiously  transferred  to  a clean  porcelain  basin,  half  filled 
with  water,  and  placed  under  a wire-cage:  a very  small  piece  of  phos- 
phorus, fixed  to  the  end  of  a long  stick,  or  a long  rod  with  the  extremity 
dipped  in  oil,  may  be  then  brought  into  contact  with  the  globule, 
which  instantly  explodes  with  a flash  of  light,  dispersing  the  water,  and 
breaking  the  basin  to  atoms.  At  160°  it  distils  without  change,  but  at 
212°  it  explodes,  and  is  decomposed.  It  was  submitted  to  the  action  of 
125  different  substances,  by  Messrs.  Porret,  Wilson,  and  Kirk,  of  which 
the  following  caused  it  to  explode. 
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Pliospliorus 

riiosphuret  of  lime 

Caoutchouc 

Myrrh 

I’alm-oil 

Ambergris 

Wliale-oil 


Linseed-oil 
Olive-oil 
Camphorated  oil 
Sulphuretted  oil 
Oil  of  turpentine 
Oil  of  tar 
Oil  of  amber 


Oil  of  orange  peel 
Naphtha 

Strong  liquid  ammonia 
Fused  potassa 
Phosphuretted  hydrogen 
Nitric  oxide 
Metallic  soaps. 

Tlie  metals,  resins,  and  sugar,  did  not  cause  it  to  explode.  (Nichol- 
son’s Journal^  vol.  xxxiv.)  Alcohol  quietly  changes  it  into  a white  sub- 
stance. Mercury,  and  most  of  the  other  metals,  absorb  the  chlorine,  and 
evolve  nitrogen.  It  gradually  disappears  when  kept  in  a stopped  phial 
with  water,  and  nitrous  and  hydrochloric  acids  are  formed  by  the  mutual 
decomposition  of  the  liquids.  In  concentrated  hydrochloric  acid  it  forms 
ammonia,  and  chlorine  is  evolved.  It  is  also  slowly  decomposed  by 
dilute  liquid  ammonia;  hydrochlorate  of  ammonia  is  formed,  and  nitro- 
gen evolved.  It  dissolves  sulphur,  and  mixes,  without  explosion,  with 
sulphuret  of  carbon. 

The  existence  of  nitrogen  in  nearly  all  the  powerfully-detonating 
bodies  is  a singular  fact,  and  the  decomposition  of  this  compound  is 
attended  by  a circumstance  observed  in  some  other  cases,  namely,  the 
appearance  of  flame  or  fire,  which  is  here,  not  the  result  of  condensation 
and  union,  but  is  accompanied  by  expansion  and  decomposition ; by  the 
separation  of  two  bodies  previously  combined : the  decomposition  of 
the  oxides  of  chlorine  already  referred  to,  and  that  of  iodide  of  nitrogen 
and  of  peroxide  of  hydrogen  (oxygenated  water),  exhibits  the  same 
peculiarity. 

Chloride  of  nitrogen  appears  to 
yield,  by  decomposition,  1 volume  of 
nitrogen  and  3 of  chlorine  (and  not 
4,  as  originally  inferred  by  Davy)  ; 
and  as  the  specific  gravity  of  nitrogen 
to  chlorine  is  as  14  to  36,  so  it  may  be 
said  to  consist  of  1 volume  of  nitrogen 

3 volumes  of  chlorine,  and,  in  the 
state  of  vapor,  it  is  probable  that  the 
four  volumes  of  aeriform  matter  which 
it  affords  by  decomposition,  are  con- 
densed into  one.  It  is,  therefore  re- 
garded as  a compound  of 


Nitrogen. 

14 


Chlorine. 


3G 


36 


36 


Nitrogen  I 

Chlorine  3 


14 

103 


11-5 

33-5 


Chloride  of  nitrogen  ....  1 122  lOO'O 

From  the  experiments  of  Millon,  it  seems  probable  that  this  com- 
pound may  contain  hydrogen. 

Nitrogen  and  Iodine.  Iodide  of  Nitrogen.  Teriodide  op  Ni- 
trogen. Nl3.  This  compound  may  he  procured  by  pouring  a solution 
of  ammonia  upon  a very  small  cjuantity  of  iodine.  The  iodine  decom- 
poses part  of  the  ammonia,  and,  combining  with  its  hydrogen,  forms 
hydriodic  acid,  and  this,  uniting  with  the  ammonia,  forms  hydriodate  of 
ammonia:  the  nascent  nitrogen  unites  with  another  portion  of  iodine,  and 
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forms  an  Insoluble  black  powder,  which  may  be  collected  by  pouring  oif 
the  liquid,  and  placing  it,  while  moist,  in  small  separate  parcels  upon 
bibulous  paper,  where  it  must  be  suffered  to  dry  spontaneously.  4NH3, 
4-61  = 3 [NHs,  HI]  +Nl3.  This  curious  compound  was  discovered 
by  Courtois.  Serullas  obtains  it  by  agitating  alcoholic  solution  of  iodine 
with  excess  of  ammonia ; it  subsides  on  dilution  with  water,  and  must 
be  carefully  dried ; in  this  state  it  does  not  detonate  whilst  moist,  but 
if  it  be  put  into  pure  ammonia  it  explodes  when  slightly  pressed  in 
that  liquid.  {Afin.  Ch,  et  Ph.,  XLii.  201.)  Mitscherlich  (Poggen- 
dorff's  Annalen^  xiv.  539)  has  described  another  method  of  obtaining 
this  compound.  A chloride  of  iodine  is  formed  by  dissolving  iodine  in 
nitro-hydrochloric  acid;  this  solution,  saturated  with  ammonia,  yields 
hydrochlorate  of  ammonia  and  iodide  of  nitrogen : the  latter  may  be 
collected  upon  a filter,  and  separated,  whilst  moist,  into  small  portions; 
but  it  is  not  safe  to  operate  upon  more  than  a few  grains  of  iodine.  In 
this  experiment  no  gas  is  evolved  ; one  equivalent  of  ammonia  reacts 
upon  three  equivalents  of  chloride  of  iodine,  so  that  a volume  of 
nitrogen  combines  with  three  volumes  of  iodine  vapor  to  produce  the 
detonating  compound,  and  three  volumes  of  hydrogen  combine  with  three 
of  chlorine  to  form  hydrochloric  acid. 

Iodide  of  nitrogen,  when  dry,  detonates  upon  the  slightest  touch,  and 
the  detonation  of  one  portion  generally  causes  the  neighbouring  ones  to 
explode  also.  AVhen  it  detonates,  the  purple  fumes  of  iodine  are  per- 
ceptible. When  left  exposed  to  air  it  slowly  evaporates;  and  if  moist, 
is  gradually  resolved  into  nitrogen  or  ammonia,  and  iodic  and  hydriodic 
acids.  It  is  decomposed  by  hot  water  and  by  alkaline  solutions,  and 
by  sulphuretted  hydrogen.  Marchand  has  attempted  to  show  that  this 
compound  contains  hydrogen  (Atm.  Ch.  et  Ph,,  Lxxiii.  222),  but  from 
Gay  Lussac  and  Colin’s  researches  (Atm.  cle  Ch..,  xci.  30),  it  appears  to 
consist  of 

Nitrogen 1 14  3*57 

Iodine 3 378  90*43 

Iodide  of  nitrogen  1 392  100*00 

Bromide  of  Nitrogen.  NBr3,  is  obtained,  according  to  Millon, 
(Atm.  Ch.  et  Ph..,  Lxix.  75,)  by  gradually  adding  a solution  of  an  alka- 
line bromide  to  the  chloride  of  nitrogen  under  a thin  stratum  of 
water  : with  bromide  of  potassium,  for  instance,  bromide  of  nitrogen  and 
chloride  of  potassium  are  the  results.  Bromide  of  nitrogen  is  of  dark 
red  color,  and  more  readily  decomposed  than  the  chloride : it  has  an 
oily  aspect,  is  heavy,  very  volatile,  and  its  vapor  fetid  and  very  irritating 
to  the  eyes.  Phosphorus  and  arsenic  cause  it  to  detonate  with  great 
violence : its  general  characters  are  analogous  to  those  of  the  chloride. 
According  to  Millon  it  contains  hydrogen,  but  its  composition  is  probably 
the  counterpart  of  that  of  the  chloride  of  nitrogen  and  of  iodine. 

Nitrogen  AND  Hydrogen.  Ammonia.  Volatile  Alkali.  Terhy- 
DRURET  OF  Nitrogen.  NHs.  According  to  Kane,  ammonia  is  an 
Amidide  OF  Hydrogen— NH2,  H.  When  nitrogen  and  hydrogen  gases 
are  mixed,  they  show  no  tendency  to  combine;  they  unite,  however, 
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under  peculiar  circumstances  of  evolution,  and  the  result  is  ammonia. 
This  gaseous  compound  may  be  obtained  from  a mixture  of  two  parts  of 
dry  quicklime  and  one  of  hydrocblorate  of  ammonia,  introduced  into  a 
small  retort,  and  gently  heated.  It  must  be  collected  over  mercury. 
Towards  the  latter  part  of  the  operation  a little  water  goes  over,  which 
may  be  arrested  in  the  neck  of  the  retort  by  the  previous  introduction  of 
a piece  of  blotting-paper;  or  it  may  be  prevented  passing  over  by  filling 
' up  the  bulb  of  the  retort  with  powdered  lime.  Hydrochlorate  of  am- 
monia is  a compound  of  hy- 
drochloric acid  and  ammonia  ; 
by  the  action  of  the  lime 
(which  is  an  oxide  of  calcium) 
the  ammonia  is  expelled  in  its 
pure  and  gaseous  form:  the 
hydrochloric  acid  and  the  lime 
then  mutually  decompose  each 
other,  and  water  and  chloride 
of  calcium  are  the  results. 

CaO,  + NHs,  HCl,  = CaCI, -b  HO  -f  NHs.  The  annexed  diagram  may, 
perhaps,  more  clearly  explain  this  formula. 

Ammonia  is  permanently  elastic  at  common  temperatures;  by  ex- 
posing it  to  intense  cold,  Guyton  supposed  that  he  had  observed  it  to 
assume  a liquid  form.  (Ann.  de  Chbn.^  xxix.  290.)  But  this  could  not 
be  the  case,  as  it  requires  for  its  liquifaction  a pressure  of  6*5  atmospheres 
at  the  temperature  of  50°.  (Faraday,  Phil.  Trans. ^ J823,  p.  196.)  It 
was  most  readily  obtained  in  this  state  by  disengaging  it  by  heat,  in  a 
sealed  tube,  from  chloride  of  silver  which  had  been  previously  saturated 
with  it.  It  was  colorless,  transparent,  of  a specific  gravity  of  0*76,  and 
its  refractive  power  surpassed  that  of  water.  When  free  from  water,  it 
does  not  conduct  electricity.  At  103°  below  0°  this  liquified  ammonia 
becomes  a white,  translucent  crystalline  solid,  heavier  than  the  liquid.  The 
tension  of  its  vapor  at  0°  is  2*48  atmospheres,  at  32°,  4*44  atmospheres, 
and  at  60°,  6*9  atmospheres.  (Faraday,  Phil.  Trans. 1845,  p.  170.) 

Gaseous  ammonia  is  pungent  and  acrid,  and  of  course  unrespirable, 
but  when  diluted  by  mixture  with  common  air,  it  is  an  agreeable  nasal 
stimulant.  The  inhalation  of  highly  diluted  ammonia,  as  by  respiring  air 
which  has  been  passed  over  or  through  a weak  solution  of  it,  has  been 
found  to  relieve  chronic  hoarseness  and  other  tracheal  and  bronchial 
affections.  (Smee,  Med.  Gaz.,  April  7?  1843.)  It  converts  most  vege- 
table blues  to  green,  and  yellows  to  red,  properties  which  belong  to  the 
bodies  called  alkalis.  Ammonia,  therefore,  has  been  termed  volatile 
alkali;  and  the  change  of  color  thus  effected  by  it,  is  distinguished  from 
that  produced  by  the  Jixed  alkalis,  by  the  return  of  the  original  tint,  when 
the  ammonia  flies  off  by  exposure.  Dry  ammonia  has  no  action  on  dry 
vegetable  colors.  (Kane.)  It  saturates  the  acids,  and  produces  an  im- 
portant class  of  ammoniacal  salts,  which  are  recognized  by  the  evolution 
of  ammonia  when  they  are  triturated  with  potassa,  soda,  or  lime. 

The  specific  gravity  of  ammonia  compared  with  hydrogen  is  as  8*5  to  I ; 
compared  with  air  it  is  as  0*5893  to  1 ; 100  cubical  inches  weigh  18*268 
grains;  or,  at  the  temperature  of  32°,  19*301  grains.  (Thomson.)  It 
extinguishes  flame,  but  forms  a difficultly  inflammable  mixture  with 
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common  air,  and  may  be  burned  when  issuing  from  a capillary  orifice 
in  an  atmosphere  of  oxygen.  When  mixed  with  its  volume  of  oxygen  it 
burns  with  a feeble  explosion.  Ammonia  is  abundantly  absorbed  by 
chloride  of  calcium,  as  well  as  by  several  other  chlorides,  with  which,  and 
with  the  other  haloids,  it  forms  a series  of  compounds  which  will  after- 
wards be  noticed.  If  it  be  required  artificially  to  dry  the  gas,  potassa  or 
lime  should  be  used.  {^Quarterly  Journal^  v.  74.) 

Water,  at  the  temperature  of  50°,  takes  up  670  times  its  volume  of 
ammonia  (730,  Thomson)  ; its  bulk  is  increased  (6  measures  of  water 
giving  ]0  of  the  solution,)  and  its  specific  gravity  diminished;  that  of  a 
saturated  solution  is  0'875,  water  being  I’OOO.  The  following  table  shows 
the  quantity  of  ammonia  in  solutions  of  dilferent  specific  gravities.  (Davy, 
Chem,  Phil.^  p.  268.) 


100  parts  of 

Of 

100  parts  of 

Of 

Sp.  Gr. 

Ammonia. 

Sp.  Gr. 

Ammonia 

8750 

contain 

32*50 

9435 

contain 

14*53 

8875 

» 

29*25 

9476 

13*46 

9000 

5? 

26*00 

9513 

12  40 

9054 

5» 

25*37 

9545 

5? 

11*56 

9166 

}> 

22*07 

9573 

?? 

10*82 

9255 

>5 

19-54 

9597 

55 

10*17 

9326 

>> 

17-52 

9619 

9*60 

9385 

15*88 

9692 

>9 

9*50 

According  to  Dalton  {Netv  System  of  Chem. ^ ii.  422,)  the  following 
are  the  strengths  of  solutions  of  ammonia  of  different  specific  gravities,  as 
also  their  respective  boiling-points: — 


Grains  of 

Specific  Ammonia 

Gravity.  in  100  grains 

of  the  liquid. 

•850  35-3  . 

•860  32-6  . 

•870  29-0  . 

•880  27-3 

•890  24-7 

•900  22-2  . 

•910  19-8  . 

-.920  17-4 

•930  15-1 

•940  12-8 

•950  10-5 

•960  8-3  . 

•970  6-2 

•980  4-1 

•990  2-0 


Volumes  of 

Boiling- 

gas  in  one 

Points. 

volume  of 

liquid. 

26^  

494 

38 

456 

50 

419 

62 

382 

74 

346 

86 

311 

98 

277 

110 

244 

122 

211 

134 

180 

146 

147 

158 

116 

173 

87 

187 

57 

196 

28 

The  usual  state  in  which  ammonia  is  employed  is  in  aqueous  solution, 
both  in  chemistry  and  medicine.  This  solution  bears  the  name  of  Lupior 
Ammonm  in  the  London  Pharmacopoeia.  It  may  be  obtained  by  passing 
the  gas  into  water  in  a proper  apparatus;  or  by  distilling  over  the  water 
and  gas  together.  Dr.  Turner  recommends  for  this  process,  the  use 
of  equal  parts  of  sal-ammoniac  and  well  burned  quicklime:  the  lime  is 
slaked  by  the  addition  of  Water,  and  as  soon  as  it  has  fallen  into  powder, 
placed  in  an  earthen  pan,  and  covered,  till  quite  cold,  then  mixed  with 
the  powdered  sal-ammoniac  and  put  into  a proper  retort  and  heated  as 
long  as  it  gives  out  gas,  which  should  be  conducted  by  means  of  a safety- 
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tube  of  Welter  into  a quantity  of  distilled  water,  equal  to  the  weight  of 
the  salt  employed.  The  specific  gravity  of  the  solution  of  ammonia  so 
obtained  is  '936.  (^Elem.  of  Chem.^  5tli  ed.,  384.) 

The  following  process  is  recommended  by  Mr.  R.  Phillips.  On 
9 ounces  of  well-burned  lime  pour  half  a pint  of  water,  and  when  it  has 
remained  in  a well-closed  vessel  for  about  half  an  hour,  add  12  ounces  of 
I hydrochlorate  of  ammonia  in  powder  and  three  pints  and  a half  of  boiling 
water;  when  the  mixture  has  cooled,  pour  off  the  clear  portion,  and 
distil  from  a retort  20  fluid  ounces.  The  specific  gravity  of  this  solution, 
which  is  sufliciently  strong  for  most  purposes,  is  0*954.  (^Remarks  on 
London  Pharmacopoeia,  p.  34.)  The  specific  gravity  of  the  officinal  solu- 
tion {liquor  ammonicE,)  directed  in  the  Pharmacopcjeia,  is  0*960,  and  is 
composed  very  nearly  of  10  grains  of  ammonia  and  90  of  water.  A cubic 
inch  weighs  242  36  grains,  and  contains  132  cubic  inches  of  ammoniacal 
gas.  The  sp.  gr.  of  tlie  liquor  ammonioe  fortior  (included  in  the  Materia 
JMedica  of  the  Pharmacopoeui)  is  *882,  a cubic  inch  weighing  222*66 
grains,  and  holding  nearly  400  cubic  inches  of  ammoniacal  gas. 
(R.  Phillips.) 

Liquid  ammonia  (as  this  aqueous  solution  is  commonly  called)  should 
be  preserved  in  well- stopped  glass  bottles,  since  it  loses  ammonia  and 
absorbs  carbonic  acid,  when  exposed  to  air.  When  heated,  ammonia 
is  rapidly  given  off  by  it;  when  concentrated,  it  requires  to  be  cooled 
to  — 40°  before  it  congeals,  and  then  it  is  apparently  inodorous,  and  of  a 
gelatinous  appearance.  If  a piece  of  ice  be  introduced  into  ajar  of  ammonia 
standing  over  mercury,  it  melts  with  great  rapidity,  and  liquid  ammonia 
is  produced. 

A pure  and  strong  solution  of  ammonia  is  a bad  conductor  of  elec- 
tricity, but  it  becomes  a conductor  when  sulphate  of  ammonia  is  dissolved 
in  it,  and  then,  if  submitted  to  electrolytic  action,  Faraday  found  that 
nitrogen  was  evolved  at  the  anode,  and  hydrogen  at  the  cathode,  the 
ratio  of  the  volume  of  the  former  to  that  of  the  latter  varying,  but 
being  as  1 to  about  3 or  4.  This  result  seemed  to  indicate  that  the 
electric  current  had  decomposed  the  ammonia,  and  that  the  nitrogen  had 
been  determined  towards  the  positive  electrode.  But  when  the  electri- 
city used  was  measured  out  by  the  voltameter,  it  was  found  that  the 
hydrogen  obtained  was  exactly  in  the  proportion  which  would  have  been 
supplied  by  decomposed  water,  whilst  the  nitrogen  had  no  certain  or  con- 
stant relation  whatever;  and  upon  further  experiment,  that  the  water 
only  was  electrolyzed,  and  that  the  nitrogen  at  the  anode  was  a second- 
ary result,  depending  upon  the  chemical  action  of  the  nascent  oxygen 
(determined  to  that  surface  by  the  electric  current)  upon  the  ammonia. 
No  experiment  has  hitherto  shown  any  tendency  of  nitrogen  under  the 
influence  of  the  electric  current  to  pass  in  either  direction  along  its  course. 
(^Phil.  Trans.,  1834,  p.  95.)  See  Nitrate  of  Ammonia. 

Dr.  Henry  (^Phil.  Trans.,  1809)  first  observed  that  a mixture  of 
ammonia  and  oxygen  might  be  fired  by  an  electric  spark,  and  this 
property  furnishes  a means  of  analyzing  the  alkaline  gas.  Electricity 
also  decomposes  ammoniacal  gas.  If  a succession  of  electrical  sparks  be 
passed  through  a small  portion  of  the  gas  confined  in  a proper  tube  over 
quicksilver,  it  will  increase  to  about  twice  its  original  bulk,  and  lose  its 
easy  solubility  in  water.  If  the  gas  thus  expanded  be  mixed  with  from 
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one-third  to  one-half  of  its  bulk  of  oxygen,  and  an  electric  spark  passed 
through  the  mixture,  an  explosion  takes  place,  attended  by  considerable 
diminution.  Note  the  amount  of  the  diminution,  divide  it  by  3,  and 
multiply  the  product  by  2.  The  result  shows  the  quantity  of  hydrogen ; 
for  2 measures  of  hydrogen  are  saturated  by  1 of  oxygen.  Thus,  suppose 
10  measures  of  ammonia,  expanded  by  electricity  to  18,  and  that,  after 
adding  8 measures  of  oxygen  gas,  we  find  the  whole  (=26  measures) 
reduced  by  firing  to  6 measures,  the  diminution  will  be  20.  Then 
20-^3=  6’66;  and  6‘66x2=13'32  measures  of  hydrogen  gas  from 
10  of  ammonia;  and  18  — 13*32  — 4*68,  for  the  nitrogen  gas  contained 
in  the  product  of  electrization.  Therefore,  10  measures  of  ammonia 
have  been  destroyed  and  expanded  into  13*32  measures  of  hydrogen 
and  4*68  of  nitrogen  gas.  (Henry’s  Elements^  7th  ed.,  vol.  i.  p.  233.) 

It  appears  from  the  above,  and 
from  the  prior  experiments  of  Ber- 
thollet,  that  1 volume  of  ammonia  is 
resolved  by  decomposition  into  2 vo- 
lumes of  a mixture  of  hydrogen  and 
nitrogen,  consisting  of  3 volumes  of 
hydrogen  and  1 volume  of  nitrogen; 
hence  the  annexed  diagrams  will  re- 
present the  composition  and  volume 
of  ammonia.  The  results  of  its  deto- 
nation with  oxygen  vary  with  the 
quantities  of  the. respective  gases:  it  is 
obvious  that,  as  far  as  the  combustion 
of  the  hydrogen  is  concerned,  2 volumes  of  ammonia  (including  3 of 
hydrogen)  will  require  T5  of  oxygen;  where  excess  of  oxygen  is  used, 
more  or  less  nitrate  of  ammonia  is  the  result  of  their  rapid  combustion. 

Such  being  the  volumes  of  the  gases,  it  follows  that  if  we  add  the 
specific  gravity  of  nitrogen  to  thrice  the  specific  gravity  of  hydrogen 
and  divide  the  product  by  2,  we  ought  to  obtain  the  specific  gravity 


of  ammonia; 

Specific  gravity  of  nitrogen  = 0*971 

„ hydrogen  0*0694  X 3=0*208 
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Ammonia,  therefore,  is  a compound  of 
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When  ammonia  is  detonated  with  excess  of  oxygen,  a portion  of 
nitric  acid  seems  always  to  be  formed : indeed,  according  to  Bischof, 
this  acid  is  more  or  less  formed  in  all  cases  of  its  combustion  with 
oxygen.  He  found  the  limits  of  combustibility  with  oxygen  to  be  on  the 
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one  hand,  1 ammonia  and  0‘6  oxygen;  and,  on  the  other,  1 and3’17  by 
volume. 

AVlieii  gaseous  ammonia  is  slowly  passed  through  a red-hot  porcelain 
tube  filled  Avith  fragments  of  porcelain,  so  as  greatly  to  increase  the 
surface,  more  or  less  of  it  is  decomposed;  AAdien  passed  over  an  ignited 
coil  of  iron  or  copper  wire,  the  metals  become  brittle  with  scarcely  a 
perceptible  increase  of  weight,  and  the  gas  is  more  perfectly  decomposed. 

' According  to  Thenard  {Ann.  clc  Chivi..^  lxxv.  61),  Avhen  any  of  the  five 
' folloAving  metals  are  inclosed  in  the  tube,  they  promote  the  decomposi- 
tion of  ammonia  at  a temperature  below  that  Avhich  it  requires  per  ve,  in 
the  folloAving  order:  iron,  copper,  silver,  gold,  platinum.  In  all  these 
cases  the  gas  suffers  expansion,  and  is  resolved  into  hydrogen  and  nitro- 
gen gases,  in  the  aboA^e 
stated  proportions,  [a 
is  a bladder  filled  with 
ammonia,  Avhich  may  be 
passed  through  the  iron 
tube  b containing  Avire 
or  turnings  of  iron  or  of 
copper,  placed  in  the  furnace  c;  the  gas  is  decomposed,  and  hydrogen 
and  nitrogen  may  be  collected  over  the  Avater  in  d.) 

Ammonia  is  also  decomposed  Avhen  passed  over  black  oxide  of  man- 
ganese, heated  red-hot  in  a porcelain  tube;  the  results,  AA’hich  are  water 
and  nitrous  acid.^  Avere  first  obseiwed  by  the  Rev.  J.  Milner.  {PhiL  Trans,., 
vol.  Lxxix.)  Nitrate  of  ammonia  is  also  often  formed.  Passed  through  a 
porcelain  tube  containing  red-hot  charcoal,  ammonia  forms  a portion  of 
hydrocyanic  acid,  and  nitrogen  is  evolved.  Under  similar  circumstances 
the  vapor  of  phosphorus  and  ammonia  yield  phosphuretted  hydrogen  and 
nitrogen;  and  Avith  sulphur,  sulphuretted  hydrogen  and  hydrosulphuret 
of  ammonia  are  the  results. 

Ammonia  is  produced  synthetically  during  the  decomposition  of  many 
animal  substances;  it  is  also  formed  during  the  action  of  nitric  acid  upon 
j)hosphorus  and  some  of  the  metals ; and  by  moistened  iron-filings 
exposed  to  an  atmosphere  of  nitrogen:  in  these  cases  the  nascent  gases 
unite  so  as  to  form  a portion  of  ammonia.  AVhen  nitric  acid  is  added  to 
a mixture  of  zinc  and  dilute  sulphuric  acid,  its  nitrogen  combines  Avith 
the  evolving  hydrogen  and  ammonia  is  formed  : Avhen,  hoAvever,  the 
action  is  violent,  some  nitric  oxide  is  also  evolved.  Rust  of  iron  formed 
by  the  exposure  of  iron  to  a damp  atmosphere,  generally  contains  traces 
ot  ammonia;  but  this  appears  merely  to  result  from  its  absorption  by 
that  substance  from  the  atmosphere,  in  Avhich  ammonia  is  ahvays  present, 
though  in  such  minute  quantities  at  any  one  time,  as  to  escape  obseiwa- 
tion,  excepting  Avhen  substances  capable  of  absorbing  or  condensing  it, 
are  present : thus  it  is  that  charcoal,  humus,  clays,  and  other  porous 
bodies,  after  exposure  to  air,  yield  evidence  of  ammonia,  and  that  it  is 
traced  in  rain-Avater.  The  importance  of  this  atmospheric  ammonia  as  a 
source  of  nitrogen  in  plants,  Avill  be  afterAAmrds  noticed. 

According  to  Dr.  Hare,  ammonia  is  synthetically  formed  by  the 
action  of  spongy  platinum  on  a mixture  of  2 volumes  of  nitric  oxide  and 
5 of  hydrogen.  For  such  exiDeriments  he  recommends  platinated  asbestos 
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formed  by  dipping  that  substance  into  a solution  of  chloride  of  platinum, 
and  exposing  it  to  a red-heat.  Some  anomalous  cases  of  the  evolution  and 
apparent  production  of  ammonia,  have  been  enumerated  and  commented 
upon  by  Faraday,  ifi  a paper  published  in  the  Quart.  Jour ?i.  (vol.  xix.p.  16.) 

Ammonia  combines  Avith  the  acids,  and  produces  a class  of  salts 
Avhich,  Avith  very  fcAv  exceptions,  arc  readily  soluble  in  Avater,  and  Avhich 
evolve  the  odor  of  ammonia  AA^hen  mixed  Avith  lime  or  potassa.  Tliese 
salts  are,  for  the  most  part,  entirely  dissipated,  and,  generally  speaking, 
decomposed  by  heat.  Though  at  first  neutral,  most  of  them  become 
acid  by  mere  exposure  to  air.  (Dr.  B.  Jones,  Mem.  Ch.  Soc.,  II.  244.) 
Ammonia  mixed  Avith  the  gaseous  acids  condenses  them  into  Avhite 
puh^erulent  compounds;  it  combines  either  Avith  half  its  volume,  or  Avith 
an  equal  volume,  or  Avith  two  volumes  of  the  acid.  The  same  combina- 
tion ensues  Avhen  the  volatile  acids  are  brought  near  free  ammonia;  and 
in  this  Avay  very  minute  quantities  of  ammonia  may  be  discoA^ered,  by  dip- 
ping a glass  rod  into  hydrochloric,  nitric,  or  acetic  acid,  and  bringing  it 
near  any  liquid  or  substance  suspected  to  evolve  ammonia,  Avhich  Avill  be 
immediately  recognised  by  white  fumes.  The  constitution  of  amrnoniacal 
salts  involves  many  important  theoretical  considerations  respecting  the 
nature  of  ammonia,  Avhich  will  presently  be  adverted  to. 

Ammonia  and  Chlorine.  AVhen  these  gases  are  mixed,  a partial 
decomposition  of  the  former  ensues.  On  mixing  15  parts  of  chlorine 
and  40  of  ammonia,  5 parts  of  nitrogen  are  liberated,  and  hydrochlorate 
of  ammonia  is  formed.  If  the  gases  be  dry,  considerable  heat  is  evolved, 
and  a flame  is  perceiA^ed  to  traverse  the  vessel  in  Avhich  the  experiment 
is  made.  This  combustion  of  ammonia  in  chlorine  is  Avell  shoAvn  by 
annexing  to  the  beak  of  a smalt  tubulated  retort,  containing  a mixture 
of  hydrochlorate  of  ammonia  and  lime,  a bent  tube,  not  too  small,  the 
extremity  of  Avhich  terminates  in  a bottle  of  chlorine;  on  heating  the 
contents  of  the  retort,  ammonia  is  evolved,  and  as  it  issues  from  the 
tube  into  the  chlorine,  it  inflames,  and  continues  to  burn  Avith  a pale 
flame,  producing  hydrocblorate  of  ammonia,  and  evolving  nitrogen.  Dr. 
Thomson  employed  chloride  qf  lime  to  decompose  ammonia,  by  mixing  it 
Avith  hydrochlorate  of  ammonia,  and  collecting  the  evolved  nitrogen.  When 
solutions  of  chlorine  and  ammonia  are  mixed,  an  effervescence  ensues, 
nitrogen  gas  is  evolved,  and  hydrochlorate  of  ammonia  formed;  and  Avlien 
gaseous  chlorine  is  transmitted  in  successive  bubbles  into  a strong  solution 
of  ammonia,  each  produces  a slight  explosion  attended  by  a flash  of  light. 

The  best  mode  of  shoAvingthe  mutual  action  of  ammonia  and  chlorine 
in  solution,  is  to  pour  into  a tube,  about  two  feet  long  and  half  an  inch 
in  diameter,  sealed  at  one  end,  a strong  aqueous  solution  of  chlorine,  to 
Avithin  about  two  inches  of  the  top;  then  graduall}^  to  pour  upon  it  liquid 
ammonia,  so  as  to  fill  the  tube,  which  is  to  be  closed  by  the  thumb,  and 
inverted  into  AAmter ; the  solution  of  ammonia  then  rises  through  that  of 
chlorine,  and  is  decomposed  Avith  effervescence,  nitrogen  being  evolved, 
and  hydrochlorate  of  ammonia  retained  in  solution. 

Chlorate  of  AmxAIONIA,  NIl3,C105,II0,  is  formed  by  saturating 
chloric  acid  Avith  carbonate  of  ammonia.  It  forms  very  soluble  acicular 
crystals,  of  a sharp  taste,  Avhich  detonate  Avhen  thrOAvn  upon  hot  coals, 
(Yauquelin,  Ann.  de  C/o,  xcv.  97*) 
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MMnfor  prepared  tliis  salt  Ipy  adding  a saturated  boiling  solution 
of  chlorate  of  j)otassa  to  a similar  solution  of  bitartrate  of  ammonia,  the 
liquor  being  strained  from  the  precipitated  bitartrate  of  potassa  as  rapidly 
as  possible,  since  the  ammoniacal  salt  undergoes  a change  if  allowed  to 
remain  at  a high  temperature:  the  solution  was  then  evaporated  at  below' 
100°,  and  again  strained  to  separate  a little  tartar:  the  chlorate  of  ammo- 
nia crystallizes  either  in  small  acicular  prisms,  or  in  plates  like  chlorate 
of  potassa,  soluble  in  water  and  alcohol,  and  of  a sharp,  cooling  taste:  its 
formula  may  be  assumed  as  Nll40,C105.  AVhen  this  salt  had  been 
kept  a few^days,  it  became  yellowg  acquired  an  irritating  odor,  and  haying 
been  set  aside,  the  bottle  which  contained  it  wais  found  shattered  in  pieces: 
another  sample  of  the  salt  exploded  spontaneously  in  the  same  wary,  and 
broke  a strong  phial;  it  appears  probable  that  these  dangerous  explosions 
arise  from  the  gradual  formation  of  chloride  of  nitrogen.  (Phil.  Mag., 
July,  1843.) 

Perchloratk  of  Amimonia,  Nn3,C107,n0,  crystallises  in  prisms, 
soluble  in  5 parts  of  cold  wmter,  and  sparingly  soluble  in  alcohol.  (Se- 
KULLAs,  Ann.  Ch.  el  Ph.,  xLvi.,  304.) 

Ammonia  and  Hydrochloric  Acid.  Hydrociilorate  op  Ammonia. 
IMuriate  of  AmmonIxV.  Sal-Amimoniac.  NIl3,HCI.  Chloride  of  Am- 
monium. N II  I, Cl.  This  salt  may  be  produced,  directly,  by  mixing  equal 
volumes  of  gaseous  ammonia  and  hyclrochloric  acid,  wdien  entire  con- 
densation ensues.  Under  the  name  of  sal-am7nofiiac  this  salt  "was  formerly 
imported  from  Egypt,  wdiere  it  w'as  obtained  by  burning  the  dung  of 
camels  (Parkes’s  Essaijs,  ii.  437);  it  is  now'  prepared  either  by  saturating 
carbonate  of  ammonia  by  hydrochloric  acid,  or  by  decomposing  sulphate 
of  ammonia  by  chloride  of  sodium.  (Nri3,S03,H0 -f-NaCl  =N1I3,I1C1 -h 
Na0,S03.)  AVhen  obtained  by  evaporation  from  its  solution  in  w’ater, 
it  forms  octohedral,  cubic,  and  plumose  crystals;  but,  in  commerce,  it 
usually  occurs,  as  procured  by  sublimation,  in  colorless  and  translucent 
cakes,  hard,  and  somewhat  elastic,  specific  gravity  1*45  to  1‘50,  and 
very  slightly  deliquescent:  in  this  compact  state  it  requires  for  solution 
about  an  equal  weight  of  water  at  212°,  and  nearly  three  times  its 
■weight  at  ()0°,  cold  being  produced  during  its  solution;  it  also  dissolves 
sparingly  in  alcohol:  -when  heated  it  sublimes  before  it  fuses,  Avithout 
decomposition,  in  the  form  of  Avhite  vapor,  and  may  be  even  passed 
through  a red-hot  porcelain  tube  AvIthout  change.  Heated  Avith  potassium 
it  yields  chloride  of  potassium,  1 volume  of  hydrogen  and  2 of  ammonia 
being  evolved:  (NH4,  Cl4-K=:KC1, -|-NH3-1-H  ; or  NH3,IIC1  + Kz=: 
KCl-h  NIJ3 -f-II.)  It  is  also  decomposed  Avhen  transmitted  over  ignited 
iron  or  copper  Avire.  The  specific  gravity  of  its  vapor  is  0*92. 
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Sal-ammoniac  is  not  volatile  at  common  temperatures,  but  when  its 
aqueous  solution  is  boiled,  traces  of  tlie  salt  pass  off  Avitli  the  vapor  of  tbe 
water;  when  exposed  to  air  it  becomes  slightly  acid  in  consequence  of 
the  loss  of  a little  ammonia;  the  aqueous  solution,  therefore,  of  the  salt, 
often  reddens  litmus : it  is  used  in  the  arts  for  a variety  of  purposes, 
especially  in  certain  metallurgic  operations ; it  is  used  in  tinning,  to 
prevent  the  oxidation  of  the  surface  of  copper;  it  is  also  employed  in  small 
quantities  by  dyers.  Dissolved  in  nitric  acid,  it  forms  the  Aqua  Regia 
of  commerce,  used  for  dissolving  gold,  instead  of  the  mixture  of  nitric  and 
hydrochloric  acids.  It  is  employed,  dissolved  in  small  quantities  in  the 
water,  to  prevent  calcareous  deposits  in  steam-boilers.  [See  Sails  of  Lime.) 

Native  sal-ammoniac  occurs  massive  and  crystallized,  in  the  vicinity 
of  volcanoes,  and  in  the  cracks  and  pores  of  lava  near  their  craters.  It 
has  thus  been  found  at  Etna  and  Vesuvius,  in  the  Solfaterra  near  Naples, 
and  in  some  of  the  Tuscan  lakes.  An  efflorescence  of  it  is  sometimes 
seen  upon  pit- coal.  Its  color  varies,  from  the  admixture  of  foreign 
matter,  and  it  is  frequently  yellow  from  the  presence  of  sulphur.  It  is 
said  that  considerable  quantities  of  native  sal-ammoniac  are  also  found  in 
Bucharia,  where  it  occurs  with  sulphur  in  rocks  of  indurated  clay.  The 
ancients,  according  to  Pliny,  called  this  salt  ammoniac.^  because  it  was 
found  near  the  temple  of  Jupiter  Ammon,  in  Africa.  It  has  been  detected 
by  Dr.  Marcet  in  sea-water.  {Phil.  Trans..,  1822,  p.  454.) 

Ammonia  and  Iodine.  Iodine  absorbs  dry  ammoniacal  gas,  and  pro- 
duces a viscid  compound,  at  first  of  a metallic  appearance,  but  becoming 
deep  brown  and  more  liquid  by  excess  of  ammonia.  Added  to  water,  it 
produces  a crimson-colored  solution,  and  yields  iodide  of  nitrogen:  it  is 
also  soluble  in  alcohol,  and  acts  more  powerfully  on  organic  matter  than 
pure  iodine.  Exposed  to  air,  it  ultimately  leaves  a pale-brown  powder, 
powerfully  detonating,  and  exhibiting  a bright  light  at  the  moment  of 
explosion.  Landgrebe,  who  has  ascertained  these  facts  (Poggend.  Ann., 
xiv.,  539),  considers  this  as  a distinct  iodide  of  nitrogen.  It  detonates  at 
the  temperature  of  about  80°*  The  action  of  iodine  on  liquid  ammonia 
has  been  already  describedc  Berzelius  regards  the  iodide  of  ammonia  as 
an  hydriodate  of  iodide  of  nitrogen  and  of  ammonia.  Bineau  states  that 
100  parts  of  iodiue  absorb  20'4  of  ammonia,  which  is  in  the  proportion  of 
2 atoms  of  iodine  and  3 atoms  of  ammonia.  {Ann,  Ch.  et  Ph.,  Lxvii.  228.) 

loDATE  OP  Ammonia,  NHs,  lOs,  TIO,  is  obtained  by  saturating  iodic 
aeid  with  ammonia.  It  forms  small  crystals,  sparingly  soluble  in  water: 
it  deflagrates,  when  thrown  upon  hot  coals,  with  a pale  violet  flame  : 
heated  highly  in  a tube  it  explodes,  and  is  decomposed  into  oxygen, 
nitrogen,  water,  and  iodine.  Its  composition  has  not  been  experiment- 
ally ascertained,  but  it  contains,  according  to  Rammelsberg,  85*9  per  cent, 
of  iodic  acid  {Poggend.,  XLiv.  555),  the  probable  constitution,  therefore, 
of  the  salt,  is 
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Iodic  acid 

, 1 

....  IGG  .... 

8G-4G 

Water 

. 1 .... 

9 ... 

4G8 

lodate  of  ammonia  ... 

. 1 
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ITydriodate  of  Ammonia.  Iodide  of  Ammonium.  NII3,  III,  or 
NIl4,I.  In  n former  jiaragraph  tlie  action  of  iodine  on  aqueous  ammonia 
has  been  stated  to  produce  a portion  of  liydriodate  of  ammonia ; this  com- 
pound may  be  directly  formed  by  mixing  equal  volumes  of  hydriodic  and 
ammoniacal  gases;  or  by  saturating  liquid  hydriodic  acid  by  carbonate 
of  ammonia:  it  forms  very  soluble  and  deliquescent  cubic  crystals,  which 
are  anhydrous,  and  volatile  in  close  vessels  without  decomposition.  Its 
aqueous  solution  dissolves  iodine.  (Gay  Lussac,  Ann.  Chim,^  xci.)  Hy- 
driodate  of  ammonia  consists  of 


Ammonia  

1 

...  17 

11-81 

Hydriodic  acid  

1 

...  127 

88-19 

Hydriodate  of  ammonia  

1 

144 

100-00 

Ammonia  and  Bromine  act  on 

each 

other  w 

ith 

the  evolution 

of 

ogen,  and  form  lujdrohromatc 

of  ammonia  ; 

but 

no  bromide 

of 

nitrogen. 

Bromate  of  Ammonia,  NHs,  BrOs,  HO,  obtained  by  saturating  am- 
monia by  bromic  acid,  yields  acicular  and  granular  crystals  of  a pungent, 
cooling  taste,  subject  to  explosive  decomposition.  (Rammelsberg,  l^og- 
gend.^  Lii.  85.) 

Hydrobromate  of  Ammonia.  Bromide  of  Ammonium,  NIl3,HBr 
or  NH4,Br.  This  is  a volatile  prismatic  salt,  becoming  yellow  and  slightly 
acid  by  exposure  to  air.  It  is  constituted  of  equal  volumes  of  gaseous 
hydrobromic  acid  and  ammonia.  It  is  very  soluble  in  wmter,  and  sparingly 
soluble  in  alcohol.  (Balard.) 

IIydrofluate  of  Ammonia.  Fluoride  of  Ammonium.  NH3,  HF,  or 
NH4,  F.  According  to  Berzelius,  the  neutral  hydrofluate  is  best  ob- 
tained by  heating  in  a platinum  crucible  a mixture  of  1 part  of  hydro- 
chlorate  of  ammonia  udtli  2'25  parts  of  fluoride  of  sodium,  both  in  fine 
jiowder:  the  cover  of  the  crucible  should  be  inverted,  and  contain  water, 
to  be  replaced  as  it  evaporates,  so  as  to  prevent  its  temperature  exceeding 
212^.  A gentle  heat  sublimes  the  salt,  which  attaches  itself  in  small 
prismatic  crystals  to  the  cool  cover.  If  the  salts  are  moist,  ammonia  is 
evolved,  and  an  acid  salt  obtained.  Hydrojluate  of  ammonia  is  perma- 
nent in  the  air,  readily  soluble  in  water,  and  less  so  in  alcohol.  At  a 
high  temperature  it  melts  before  it  sublimes;  it  corrodes  glass,  and  its 
solution  furnishes  a ready  means  of  etching  upon  it;  it  absorbs  ammonia, 
but  does  not  retain  it  when  sublimed.  When  its  solution  is  evaporated, 
ammonia  gradually  escapes,  and  a remarkably  deliquescent  bihydrojiuale 
of  ammonia.,  imperfectly  crystallizable,  remains. 

Hyponitrite  of  Ammonia,  NII3,  NO3,  HO,  is  obtained  when  neutral 
hyponitrite  of  lead  is  decomposed  by  sulphate  of  ammonia.  Its  solution 
is  decomposed  by  a very  gentle  heat,  and  evolves  nitrogen,  but  it  remains 
neutral.  Exposed  to  spontaneous  evaporation  in  a dry  atmosphere,  an 
irregularly  ciystallized  mass  is  obtained,  which  melts,  and  is  decomposed 
M’hen  heated,  being  resolved  into  nitrous  oxide,  water,  and  ammonia. 
(Berzelius.) 

Nitrate  of  Ammonia.  NH3,  N05,  HO;  orNIHO,  NO5.  This  salt 
may  be  formed  by  the  direct  union  of  ammonia  u’ith  nitric  acid.  It  is 
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usually  obtained  ])y  saturating  pure  nitric  acid  u’ith  carbonate  of  ammonia, 
evaporating,  and  crystallising.  It  lias  been  mentioned  as  the  source  of 
nilroiis  oxide,  and  Avhen  carefully  heated  it  is  entirely  resolved  into  that 
gas  and  water.  Nll40,N05  = 2 NO  + 4 HO. 

Nitrate  of  ammonia  was  formerly  called  Nitrinn  fla?nmans,  in  conse- 
cjuence  of  its  rapid  decomposition  with  a slight  explosion  Avheii  heated  to 
about  600°.  At  228°  it  enters  into  perfect  fusion;  at  356°  it  boils  with- 
out decomposition:  at  about  390°  to  400°,  it  is  decomposed.  It  differs 
in  form  according  to  the  manner  in  which  its  solution  has  been  evapo- 
rated; if  at  a temperature  below  100°,  its  crystals  are  six-sided  prisms 
terminated  by  six-sided  pyramids;  if  boiled  down,  its  crystals  are  thin  and 
fibrous;  its  sp.  gr.  is  1'7.  It  is  delicpiescent,  and  soluble  in  less  than  its 
weiofht  of  water  at  60°.  Its  taste  is  acrid  and  bitter.  It  indicates  free 

o 

acid  after  exposure  to  air,  and,  like  other  ammoniacal  salts,  it  loses  its 
neutrality  when  its  solution  is  boiled.  According  to  Berzelius,  the  p/'w- 
variety  affords  11 '232  per  of  water:  hence  it  may  be  consi- 
dered as  containinir 

® Berzelius.  Ure. 


Ammonia 1 ....  17  ....  21'25  ....  21-143  ....  23-3 

Nitric  acid  1 ....  54  ....  67-50  ....  G7'625  ....  65-0 

Water  1 ....  9 ....  11-25  ....  11-232  ....  11-7 


Prismatic  nitrate  of  ammonia  1 80  100-00  lOO’OOO  100 "0 

According  to  Dumas,  the  salt  always  includes  2 atoms  of  water. 

Ajiidogen.  NIl2.  Ammonium.  NIl4.  Neither  of  these  compounds 
have  been  isolated.  Amidogen  is  presumed  to  exist  in  combination  -with 
certain  metals,  and  in  some  organic  compounds.  5Vhen  potassium,  or 
sodium,  for  instance,  is  heated  in  ammonia,  1 equivalent  of  hydrogen  is 
evolved,  and  a compound  ==M,NIl2  remains  (see  Fot  as  si  amide)  ; and  one 
of  the  results  of  the  decomposition  of  oxalate  of  ammonia  b}-  heat  is  a 
white  substance  called  Oxata?nide,  = C2O2 Inferring  from  these 
and  other  similar  cases,  that  in  ammonia  the  third  atom  of  hydrogen  is 
less  intimately  combined  with  nitrogen  than  the  remaining  two.  Dr. 
Kane  represents  amidogen,  NH2  = Ad,  as  the  radical  of  ammonia,  and 
ammonia,  therefore,  as  an  amidide  of  hydrogen  — or  AdH. 

Ammonium.  When  a globule  of  mercury  is  made  the  negative  elec- 
trode in  an  aqueous  solution  of  ammonia,  it  becomes  semifluid,  and 
assumes  the  character  of  a soft  amalgam;  oxygen  is  given  off  at  the 
positive  electrode,  but  there  is  no  corresponding  evolution  of  hydrogen  on 
the  negative  side  till  the  electric  current  is  interrupted,  when  the  metallic 
sponge  begins  to  collapse,  and  giving  out  hydrogen  and  ammonia,  a mere 
globule  of  mercury  ultimately  remains;  but  this  change  may  be  retarded 
by  cold,  and  on  cooling  the  pasty  mass  to  0°  it  yields  cubic  crystals, 
which,  when  decomposed  over  mercury,  give  out  ammonia  and  hydrogen 
in  the  respective  volumes  of  2 to  1.  The  mercury,  therefore,  appears  to 
have  been  combined  -with  a body  represented  by  NIl4,  and  as  the  metallic 
characters  of  the  mercury  are  not  impaired,  it  is  presumed  that  NH4 
constitutes  a body  having  the  characters  of  a metal,  which  has  therefore 
been  termed  ammonium.  The  same  phenomenon  may  be  observed  by 
adding  a minute  quantity  of  potassium  to  mercury,  and  placing  the  alloy 
upon  a piece  of  sal  ammoniac  moistened  with  ammonia  or  a solution  of 
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the  salt;  it  soon  puffs  up,  and  assumes  tlie  characters  of  tlie  amalgam: 
it  is  supposed  in  this  case  that  the  potassium  alloy  acting  upon 
liydrochlorate  of  ammonia,  gives  rise  to  chloride  of  potassium,  and  the 
ammonium  alloy:  KlJg + NlJ3nCl  = KCl  + llgNHt.  If  upon  these  data 
'vve  admit  the  existence  oF  (wnuoniuvi^  (that  is,  of  a body  liaving  the  pro- 
])erties  of  a metal  and  composed  of  I atom  of  nitrogen  and  4 of  hydrogen, 
NIl4,)  the  ammoniacal  salts  vill  then  he  perfectly  assimilated  to  those  of 
the  other  metallic  oxides,  and  may  he  represented  as  constituted  of  an 
atom  of  oxide  of  ammonimn  combined  Avith  the  respective  acids,  and  the 
necessity  of  the  atom  of  Avater  to  the  constitution  of  these  salts  becomes 
apparent.  Thus,  instead  of  representing  nitrate  of  ammonia  as  contain- 
ing I equmdent  of  ammonia,  I of  nitric  acid,  and  1 of  AA’ater=NIl3,N05, 
no,  it  Avill  become  a nitrate  (f  oxide  of  ammoniiim  = l>iYlAOf^Oa. 
And  instead  of  considering  sal  ammoniac  as  a hj-drochlorate  of  ammonia 
= NIl3,IICl,  it  Avill  become  assimilated  to  the  other  metallic  chlorides, 
and  be  represented  as  a chloride  of  ammonium,  = NIl4, Cl.  An  important 
fact  in  favour  of  the  ammonium  theoiy  presents  itself  in  the  phenomena 
of  the  electrolysis  of  ammoniacal  salts  : Avhen  nitrate  of  ammonia  is  thus 
decomposed,  NIl4  is  evolved  at  the  negative  pole,  and  NOe  (Danielfs 
Oxynitrion')  at  the  positive  pole;  Avith  oxalate  of  ammonia  NIl4  apj^ears 
at  the  negative,  and  C204  at  the  positive;  and  so  on*.  It  Avas  aa’cII 
remarked  by  Professor  Daniell,  that,  although  there  is  something  startling 
to  our  preconceived  notions  in  supposing  that  a j^ermanent  gas  or  a com- 
bination of  permanent  gases,  should  present  itself  as  a metal,  there  arc 
yet  analogies  in  favor  of  such  a view,  for  in  many  chemical  combinations 
liydrogen  may  be  substituted  for  metals,  and  hydrogen  is  the  only  ele- 
mentary substance  Avhich,  in  cases  of  electro-decomposition,  follows  the 
same  course  as  the  metals;  and,  again,  “hydrogen  differs  in  nothing  from 
mercury  in  a state  of  A'apor  except  its  density,  and  the  loAvness  of  its  point 
of  vaporisation.  The  Aaipor  of  mercury  at  its  boiling-point  has  none  of 
those  characters  Avhich  Ave  are  apt  to  suppose  ought  predominantly  to 
distinguish  a metal;  it  is  perfectly  transparent  and  colorless,  and  more- 
over, it  is  a perfect  non-conductor  of  electricit}".”  {Introductioii  to  Clie- 
inieal  Philosophy^  § 7^4.) 

In  reference,  therefore,  to  this,  Avhich  has  been  termed  the  “ammo- 
nium theory,”  the  combinations  of  ammonia  Avith  the  oxyacids  and  Avith 
the  hydracids,  instead  of  standing  out  as  anomalous  exceptions  to  the 
usual  constitution  of  salts,  become  assimilated  to  the  Avhole  series;  and 


■*  In  the  decomposition  above  alluded  to, 
in  which  it  is  assumed  that  the  electrolysis 
of  nitrate  of  ammonia  yields  NOe  (or 
oxynitrion)  and  NHl  (or  ammonium')  at 
the  positive  and  negative  electrodes,  it  is 
evident  that  the  products  actually  found 
there  are  not  NOe  and  NH4,  but  NOs-pO 
and  NHs-hll,  and  it  is  generally  supposed 
that  the  ions  which  actually  travel  in  the 
circuit,  are  nitric  acid  and  oxygen,  and 
ammonia  and  hydrogen;  that  is,  that  the 
proximate  elements  of  the  salt  appear  at  the 
poles,  along  with  the  ultimate  elements  of 
the  water : the  solution  of  this  problem  is 
of  great  importance  in  reference  to  the 


theory  of  electrolytic  action  as  well  as  to 
that  of  the  constitution  of  acids  and  salts. 
Daniell  and  Miller  {Phil.  Tra7is.,  1839, 
1840,  and  1844),  seem  to  suspect  that  the 
water  itself  is  not  decomposed,  that  it  is 
not,  in  fact,  an  electrolyte,  biit  that  the 
true  ions  are  NOe  and  NHt,  and  that  inas- 
much as  these  cannot  exist  in  the  isolated 
state,  NOe  on  its  separation  becomes 
NOe,-l-0,  and  that  NH4  becomes NHs-j-Il, 
so  that  nitric  acid  and  ammonia  remain  in 
the  water,  while  oxygen  and  hydrogen  are 
evolved  as  gases.  Applications  of  these 
views  to  other  compounds  will  appear  in 
the  sequel. 
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upon  this  view  the  isomorphism  of  the  ammonium  and  potassium  salts  is 
easily  explained:  thus,  if  we  represent  Nll4,  by  Am,  we  have  the  cor- 
responding series  as  follows:  — 

Potassium  Scries.  Ammonium  Series. 


Metal  K Am  = NH4 

Oxide  KO  AmO  = NH4O 

Chloride  KCl  AmCl  = NH4CI 

Nitrate  K0,N05  Am0,N05  = Nll40,N05. 


Atmospheric  Air. 

The  composition  of  the  atrnosphere  has  been  frequently  alluded  to  in 
the  preceding  pages,  and  now  that  we  are  acquainted  with  its  essential 
elements,  nitrogen  and  oxygen,  it  will  he  useful  to  consider  its  nature 
and  properties  somewhat  more  in  detail. 

The  atmosphere  is  a thin,  transparent,  invisible,  and  elastic  fluid, 
which  surrounds  and  revolves  with  our  planet,  and  reaches  to  a consider- 
able height  above  its  surface,  probably  between  forty  and  fifty  miles. 
(Wollaston.  PhiL  Trans. ^ 1822.) 

That  air  is  a ponderous  body,  was  first  suspected  by  Galileo,  who 
found  that  a copper  ball,  in  which  the  air  had  been  condensed,  weighed 
heavier  than  when  the  air  was  in  its  ordinary  state  of  tension.  The  fact 
was  afterwards  demonstrated  by  Torricelli,  whose  attention  "was  drawn  to 
the  subject  by  the  attempt  of  a well-digger  at  Florence  to  raise  water  by 
a common  pump  to  a height  exceeding  33  feet.  It  was  then  found  that 
the  pressure  of  the  atmosphere.,  and  not  Nature’s  abhorrence  of  a vacuum, 
was  the  cause  of  the  ascent  of  the  water  in  the  pump-pipe,  and  that  a 
column  of  about  the  height  mentioned,  was  sufficient  to  equipoise  the 
atmosphere,  which,  at  the  level  of  the  sea,  presses  Avith  a AA^eight  of  about 
Jlfteen  pounds  on  every  square  inch  of  surface.,  and  is  capable  of  support- 
ing a column  of  Avater  about  34  feet  high.  Comparing  the  specific 
gravity  of  mercury  Avith  that  of  air  and  Avater,  Torricelli  inferred  that  if 
a column  of  air  one  inch  square  and  as  high  as  the  atmosphere,  Aveighed 
15  pounds,  and  a column  of  AAmter  34  feet  high  and  an  inch  square, 
Aveighed  also  15  pounds,  the  height  of  a similar  column  of  mercury 
Avould  be  about  30  inches,  the  densit}^  of  mercury  to  that  of  Avater  being 
as  13’5  to  1.  He  accordingly,  in  1643,  filled  a glass  tube,  three  feet  long, 
and  closed  at  one  end,  Avith  mercury,  and  inverted  it  in  a basin  of  the 
same  fluid;  he  found  that  the  mercury  fell  about  six  inches,  so  that  the 
atmosphere  did  counterbalance  a column  of  mercury  of  about  30  indies 
in  height.  The  empty  space,  in  the  upper  2'>art  of  the  tube,  has  hence 
been  called  the  Torricettian  vacuum,  and  is  nearly  the  most  perfect  that 
can  be  formed.  Paschal  and  Torricelli  afteiuA'ards  obseiwed  that,  upon 
ascending  a mountain,  the  mercury  fell  in  the  tube,  because  there  Avas 
less  air  above  to  press  upon  the  surface  of  the  metal  in  the  basin;  and 
thus  a method  of  measuring  the  heights  of  mountains  by  the  barometer, 
as  the  instrument  is  noAV  called,  Avas  devised.  Sir  Henry  Englefield  con- 
structed a barometer  expressly  for  these  investigations.  (^Journal  of 
Science  and  the  Arts,  vol.  v.,  p.  229.)  Such  instruments  are  noAv  com- 
monly called  Mountain  Barometers. 

The  barometer  indicates,  by  its  rise  and  fall,  a corresponding  change 
in  the  pressure  of  the  atmosphere.  At  the  surface  of  the  earth  the  mean 
density  or  pressure  is  considered  equal  to  the  support  of  a column  of 
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mercury  30  indies  higli,  which  would  give  a pressure  upon  every  square 
inch  of  about  15  lbs.*  inches. 


At  1000  feet  above  the  surface  the  column  falls  to  28’91 


2000 

55 

3000 

75 

4000 

55 

5000 

55 

1 mile 

55 

2 

55 

3 

55 

4 

55 

5 

53 

10 

55 

15 

55 

20 

55 

55 

21-86 

55 

26-85 

55 

25*87 

55 

24-93 

3> 

24*67 

55 

20-29 

55 

16-68 

55 

13-72 

>3 

11*28 

35 

4*24 

53 

1*60 

55 

0*95 

At  a height  of  2*705  miles,  = 11, 556  feet,  one  volume  of  the  atmosphere 
would  expand  into  two,  its  calculated  density  being  diminished  at  that 
height  by  one-half:  the  density  is  again  halved  at  every  2*7  miles  addi- 
tional elevation,  as  in  the  following  table: 


Height  above  the 
sea  in  miles. 

Volume. 

Height  above  the 
sea  in  miles. 

Volume. 

0 

1 

10-820 

16 

2-705 

2 

13-525 

32 

5*410 

4 

16-230 

64 

8-115 

8 

18-935 

128 

The  temperature  of  the  atmosphere  diminishes  about  1°  for  every  .350 
feet  of  ascent,  the  cause  of  which  is  partly  referable  to  the  increased  capa- 
citv  of  air  for  heat  in  proportion  as  its  density  diminishes,  and  partly  to 
the  circumstance  that  the  atmosphere  is  chiefly  heated  by  the  earth.  The 
line  of  perpetual  congelation  gradually  ascends  from  the  equator  to  the 
poles.  At  0°  latitude  it  is  stated  to  be  15200  feet;  at  60°,  3818;  and  at 
75°,  only  1000  feet. 


* This  is  ef[ual  to  a column  of  ivater 
of  between  33  and  34  feet  in  height,  and 
accordingly,  in  all  ordinary  cases,  the 
requisite  length  of  the  tube  prevents  the 
construction  of  water -harometers,  but 
their  great  rise  and  fall,  as  compared  with 
the  mercurial  column,  and  the  singular 
facility  Avith  which  they  fluctuate  with  at- 
mospheric changes,  renders  observations 
with  such  instruments  curious  and  instruc- 
tive. A water-barometer  was  put  up,  in 
the  year  1832,  in  the.  Hall  of  the  Royal 
Society  at  Somerset  House,  under  the  di- 
rection of  i\[r.  Daniell,  of  which  an  inte- 
resting description  will  be  found  in  the  Phi- 
losophical Transactions  lov  that  year;  and 
in  the  third  edition  of  his  Meteorological 
Essays,  published  shortly  after  his  sincerely 
lamented  death,  some  additional  particulars 
are  given  respecting  the  re-filling  of  the 
instrument,  which  was  accomjdished  under 
his  superintendence,  by  Mr.  Newman,  on 
the  28th  of  January,  1845,  The  water  in 
the  cistern  had  originally  been  covered  by 
castor  oil,  but  as  that  had  not  proved  quite 
effectual  in  preventing  the  admission  of 
atmospheric  air,  a solution  of  caoutchouc 


in  naphtha  was  now  substituted  for  it.  It 
is  curious  to  watch  the  oscillation  of  this 
barometer  in  very  windy  weather ; the  co- 
lumn of  water  appears  to  be  in  a perpetual 
motion,  compared  by  IMr.  Daniell  to  the 
slow  action  of  respiration  ; but  the  most 
important  result  is,  that  this  instrument 
precedes,  by  one  hour,  the  mercurial  ba- 
rometer of  half  an  inch  bore,  as  this  does 
the  mountain  barometer  of  0T5  inch  bore 
by  the  same  interval,  in  their  horary  oscil- 
lations, “showing  that  while  philosojdiers 
are  disputing  about  the  hours  of  the  maxima 
' and  minima,  much  depends  upon  the  con- 
■ struction  of  the  instrument  observed.” 
The  first  water-barometer  seems  to  have 
been  constructed  by  Otto  Guericke  of  Mag- 
deburgh  : it  consisted  of  a tube  above  30 
j feet  high,  terminated  by  a wider  glass  tube, 
hermetically  sealed,  and  containing  a toy  in 
the  shape  of  a man  : all  the  lower  part  of 
the  tube,  and  the  cistern  in  which  it  stood, 
were  concealed,  and  the  little  image  only 
made  its  appearance  in  fine  weather : to 
this  whimsical  contrivance  he  gave  the  name 
of  senq^er  vivum,  or  Anemoscope. 
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The  Mechai^ical  Properties  of  the  Air  are  best  illustrated  by  the 
air-pump^  the  construction  of  which  much  resembles  that  of  the  com- 
mon water-pump,  excepting  that  all  the  parts  are  more  accurately  and 
nicely  made,  the  object  being  to  exhaust  the  air  as  completely  and  expedi- 
tiously as  possible.  The 
annexed  sketch  (fig.  279,) 
Avill  give  an  idea  of  the 
operation  of  the  common 
air-pump,  a b are  cylin- 
ders, into  which  the  slid- 
ing pistons  c d are  accu- 
rately fitted:  e is  a tube 
issuing  from  the  bell-glass 
placed  upon  a brass  plate 
and  entering  the  lower 
part  of  the  cylinders  at  hh^ 
where  are  valves  opening 
upwards.  In  each  piston 
is  also  a valve  opening  up- 
^ wards  at  g g.  The  cylin- 
der a represents  the  piston 
in  the  act  of  being  drawn 
up.  By  elevating  the  pis- 
ton c,  an  attempt  will  be 
made  to  form  a vacuum 
) underneath  it;  but  a por- 
tion of  the  air,  in  conse- 
quence of  its  elasticity,  will 
pass  out  of  the  bell^^  along 
the  tube  c,  and  elevating  the  valve  /z,  will  fill  the  space  below  the  piston, 
the  valve  g being  kept  closed  by  the  weight  of  the  incumbent  atmosphere. 
In  the  cylinder  b the  piston  is  represented  in  the  act  of  depression,  the 
valve  h therefore  is  forced  down  upon  the  orifice,  which  it  perfectly  closes; 
and  the  air,  confined  between  it  and  the  piston,  now  makes  its  escape 
by  the  piston-valve  g,  Avhich  is  accordingly  open,  so  that  at  every  stroke 
of  the  pump  a portion  of  air  is  withdrawn  from  the  receiver /. 

With  this  air-pump  it  is  obviously  impossible  to  obtain  more  than  an 
imperfect  vacuum  in  the  receiver  jT,  for  the  valves  can  only  act  by  the 
elasticity  of  the  remaining  air;  and,  accordingly,  if  a barometer  be  placed 
under  the  receiver,  the  mercury  will  never  attain  a level  in  the  tube  and 
basil),  but  Avill  always  indicate  a degree  of  pressure,  as  is  shown  by  the 
small  syphon  gauge  at  i;  and  if  a tube  three  feet  long  (k)  have  its  upper 
end  opening  into  the  receiver,  and  its  lower  end  plunged  into  a basin  of 
mercury,  the  mercury  will  never  rise  so  high  as  in  the  common  barometer, 
where  the  vacuum  above  it  is  more  perfect,  but  will  indicate  the  pressure 
of  a remnant  of  air  in  the  receiver.  The  syphon  gauge^  and  the  barometer- 
gauge  as  applied  at  i and  are  very  useful  appendages  to  the  air-pump,  as 
showing  the  degree  of  exhaustion,  and  its  permanence.  For  the  use  of  the 
laboratory  the  valves  of  the  air-pump  should  be  of  metal.  There  are  various 
improved  forms  of  air-pump  less  liable  to  derangement,  and  giving  a more 
perfect  vacuum,  descriptions  of  which  will  be  found  in  works  on  pneumatics. 
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The  operation  of  the  pump  in  removing  air,  and  the  mechanical  pro- 
perties of  the  atmosphere,  may  be  shown  by  a variety  of  experiments. 
Its  pressure  is  illustrated  by  the  force  'with  which  the  hell-glass  is  pressed 
down  upon  the  plate  of  the  pump ; the  absence  of  its  buoyancy^  by  the 
descent  of  a guinea  and  a feather  at  the  same  time  in  the  exhausted 
receiver;  and  by  the  preponderance  of  the  larger  of  two  bodies  which 
balance  each  other  in  the  open  air.  The  want  of  resistance  in  the 
exhausted  receiver  is  also  shown  by  the  equal  duration  of  the  motion  of 
two  fly-Avheels,  with  their  plates  placed  in  different  directions.  The 
elasticity  of  the  air  is  illustrated  by  the  action  of  the  pump  itself,  or  by 
the  distension  which  a flaccid  bladder  sutlers  during  the  removal  of  the 
external  air,  when  placed  under  the  receiver. 

The  extreme  elasticity  of  the  air,  and  the  chancres  of  bulk  which  it  is 
constantly  sustaining  under  variations  of  pressure  and  of  temperature, 
have  been  already  partially  adverted  to.  The  general  law  of  its  com- 
pression was  originally  developed  by  Boyle  in  1662,  and  afterwards 
investigated  by  Mariotte.  They  found  that  the  volume  of  air  and  all 
other  elastic  fluids  retaining  that  state,  was  inversely  as  the  pressures 
acting  upon  them.  Thus  a volume  of  air  = 100  under  any  given  pressure, 
will  be  diminished  to  50  when  that  pressure  is  doubled;  and  expanded  to 
200  when  the  pressure  is  diminished  by  one-half.  From  the  experiments 
of  Oersted  (^Edinb.  Journal  of  Science^  iv.),  this  law  applies  under  very 
high  pressures;  indeed,  till  liquifaction  begins  to  be  effected.  (See  p.  2.) 
AV  e have,  however,  no  evidence  of  the  liquifaction  of  atmospheric  air 
under  any  pressure,  Perkins’s  experiments  upon  that  subject  {Phil.  Trans.) 
not  beiii"  conclusive. 

Specific  Gravity  of  Air.  The  specific  gravity  of  atmospheric  air, 
at  mean  temperature  and  pressure,  that  is,  the  thermometer  being  at  60°, 
and  the  barometer  at  30  inches,  is  usually  considered  as  = I,  being  the 
standard  of  comparison  to  which  the  specific  gravities  of  gases  and  vapors 
are  referred.  In  consequence  of  ihe  interfering  causes,  and  the  delicacy 
of  the  methods  required  for  the  determination  of  the  weight  of  a given 
bulk  of  air,  the  results  of  diflerent  experimentalists  are  a little  at  A^ari- 
ance ; and  accordingly  the  tables  of  the  specific  gravities  of  aeriform  fluids 
giv’en  in  different  works,  are  seldom  exactly  consistent  Avith  each  other. 
From  the  latest  experiments  of  Dr.  Prout,  100  cubic  inches  of  pure  and 
dry  atmospheric  air,  at  mean  temperature  and  pressure,  Aveigh  31*0117 
grains,  so  that,  upon  this  datum,  it  is  about  815  times  lighter  than  its 
bulk  of  Avater,  and  11,065  times  lighter  than  its  bulk  of  mercury.  At 
the  temperature  of  32°,  100  cubic  inches  of  atmospheric  air  Aveigh, 
according  to  Dr.  Thomson,  32*79  grains.  Compared  Avith  hydrogen,  its 
specific  gravity  is  as  15*2  to  1.  In  the  folloAving  table  the  Aveight  of  100 
cubic  inches  of  the  lightest  and  heaviest  knoAvn  forms  of  matter  are  con- 
trasted with  air  and  Avith  Avater  in  its  different  states;  their  specific 
gravities  compared  with  air  and  Avater  are  also  shoAvn. 


100  Cubic  Inches.  AVcightiu  Sp.  gr.,  air  Sp.  gr., water 

grains.  being  = 1.  being  =1. 

Hydrogen  2-138  0 0G94  0-000084G 

Air  31-000  TOOOO  0 0012277 

Steam 19-220  0-0240  0-0007G11 

Ice  23735  000  7G5-0000  0*9400000 

Water 25250-000  814  0000  1*0000000 

Platinum 542875*000  17512  0000  21*0000000 
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Determination  of  the  Specific  Gravity  of  Gases.  For  ascer- 
taining the  sj)ecific  gravity  of  gaseous  bodies,  a good  air-pump  is 
280  essentially  requisite;  a light  glass  balloon  (fig.  280)  or  flask  5, 
and  a graduated  air-jar  each  supplied  vv^ith  stop-cocks,  are 
also  required.  The  stop-cock  attached  to  the  flask  should  be  as 
small  and  light  as  possible. 

Henry  {Rlements  of  Chemistry)^  and  Faraday  (^Chemical 
Manipulation\  have  given  explicit  directions  for  determining 
the  specific  gravities  of  gases,  of  which  the  following  is  an 
abstract. 

The  gases  should  be  retained  and  collected  over  mercury, 
and  carefully  dried,  by  exposing  them  to  proper  substances  for 
absorbing  the  aqueous  vapor  with  which  they  are  mixed,  and 
which  would  sometimes  materially  affect  the  accuracy  of  the 
result;  or  they  should  be  taken  saturated  with  moisture,  and  a 
correction  afterwards  made  for  the  weight  of  the  vapor  con- 
tained in  a given  bulk  of  the  gas. 

Supposing  the  receiver  a to  be  filled  with  any  gas,  the 
weight  of  which  is  to  be  ascertained,  screw  the  cock  of  the  vessel  5 on 
the  plate  of  an  air-pump,  and  exhaust  it  as  completely  as  possible,  care- 
fully ascertaining  by  the  barometer  gauge  of  the  pump,  that  it  retains  its 
vacuum.  The  weight  of  the  exhausted  vessel  is  then  accurately  taken, 
even  to  a small  fraction  of  a grain ; and  it  is  screwed  upon  the  cock 
of  the  receiver  a.  On  opening  both  cocks,  the  last  of  which  should 
be  turned  very  gradually,  the  gas  ascends  from  the  vessel  a;  and  the 
volume  which  enters  into  the  flask  is  known  by  the  graduated  scale 
on  a.  On  weighing  the  vessel  a second  time,  we  ascertain  how  many 
grains  have  been  admitted.  If  we  have  operated  on  common  air,  we 
shall  find  its  weight  to  be  at  the  rate  of  31  grains  to  100  cubical 
inches.  The  same  quantity  of  oxygen  gas  will  weigh  34  grains,  and 
of  carbonic  acid  gas  47'3  grains.  In  these  manipulations,  care  is  to  be 
taken  not  to  Avarm  any  of  the  vessels  by  contact  Avith  the  hands,  from 
which  they  should  be  defended  by  a glove.  On  opening  the  communi- 
cation betAA^een  the  receiver  and  the  exhausted  vessel,  if  any  Avater  be 
lodged  in  the  air-cock  attached  to  the  former,  it  Avill  be  forcibly  driven 
into  the  latter,  and  the  experiment  Avill  be  frustrated.  This  may  be 
avoided  by  using  great  care  in  filling  the  receiver  AAdth  Avater,  before 
passing  into  it  the  gas  under  examination  : a small  plug  of  bibulous 
paper,  or  of  cotton,  may  also  be  put  into  the  upper  orifice  of  the 
stop-cock. 

The  specific  gravity  of  any  gas,  compared  Avith  common  air,  is  readily 
known,  Avhen  Ave  have  once  determined  its  absolute  Aveight.  Thus,  if  100 
cubic  inches  of  air  weigh  31  grains,  and  the  same  quantity  of  oxygen  gas 
Aveigh  34  grains,  Ave  say, 

31  : 34  : : 1*000  : 1*1097. 


The  specific  gravity  of  oxygen  gas,  compared  AAdth  atmospheric  air, 
will  therefore  be  as  1*097  1*000. 

We  may  determine,  also,  the  specific  gravity  of  gases  more  simply 
by  weighing  the  flask,  first  Avhen  full  of  common  air,  and  again  Avhen 
exhausted  ; and  afterwards  by  admitting  into  it  as  much  of  the  gas  under 
examination  as  it  will  receive,  and  Aveighing  it  a third  time.  Noav,  as  the 
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loss  between  the  first  and  second  weighing  is  to  the  gain  of  weight  on 
admitting  the  gas,  so  is  common  air  to  the  gas  whose  specific  gravity  we 
are  estimating.  If,  for  example,  by  exhausting  the  flask  it  loses  31  grains, 
and  by  admitting  carbonic  acid  it  gains  47*3:  then 

31  : 47*3  : : POOO  : 1-525. 

The  specific  gravity  of  carbonic  acid  is,  therefore,  1 *525,  air  being  taken 
at  I *000.  And  knowing  its  specific  gravity,  we  can,  without  any  further 
experiment,  determine  the  weight  of  100  cubic  inches  of  carbonic  acid ; 
for,  as  the  specific  gravity  of  air  is  to  that  of  carbonic  acid,  so  is  31  to  the 
number  required ; or 

1-000  : 1-527  : : 31  : 47*3. 

100  cubic  inches,  therefore,  of  carbonic  acid,  will  weigh  47*3  grains. 

In  consequence  of  the  facility  with  which  the  bulk  of  aeriform  bodies 
is  altered  by  variations  of  pressure  and  temperature,  these  must  always 
be  taken  into  account  when  speaking  of  their  respective  volumes;  for  con- 
venience sake,  they  are  generally  therefore  reduced  to  what  is  termed  mean 
pressure  and  temperature : mea7i  pi'essure  being  that  which  sustains  30 
inches  of  mercury  in  the  barometer  tube,  and  mean  iemperatnre  i\\^t  of  60° 
of  Fahrenheit,  or  about  15°  of  the  Centigrade  scale.  This,  at  least,  is  the 
most  convenient  thermoraetric  point,  though  it  is  not  always  adhered  to. 
By  Act  of  Parliament,  the  temperature  at  which  the  specific  gravity 
of  spirituous  liquors  is  determined  for  the  j)urposes  of  the  excise,  and 
that  at  which  the  standard  Aveights  and  measures  are  adjusted,  is  62°. 

The  folloAving  are  the  rules  for  the  reduction  of  gaseous  volumes  to 
mean  pressure  and  temperature. 

' First,  ill  respect  to  pressure^  (assuming  the  mean  height  of  the  baro- 
meter as  = 30  inches.)  it  is  obvious  that  as  the  mean  height  of  the 
barometer  is  to  the  observed  height,  so  is  the  observed  volume  to  the 
volume  required.  Suppose,  for  instance,  Ave  had  measured  100  cubic 
inches  of  air  at  a barometrical  pressure  of  29  inches,  and  Avished  to  knoAv 
Avhat  Avould  be  its  A'olume  at  30  inches,  Ave  shall  find  by  the  rule  of 
proportion  that 

Mean  height.  Observed  height.  Observed  volume.  Required  volume. 

30  : 29  : : 100  : 96-66 

Or,  in  regard  to  Aveight,  suppose  that  with  the  barometer  at  29  inches,  Ave 
had  found  100  cubic  inches  of  air  to  Aveigh  29*97  grains,  and  Avished 
to  knoAV  Avhat  the  Aveight  Avould  be  at  standard  pressure,  Ave  shall  find  by 
the  rule  of  proportion  that 

Observed  height.  Mean  height.  Observed  weight.  Required  weight. 

29  : 30  : : 29-97  : 31 

Secondly,  in  respect  of  temperature^  it  has  been  above  stated  (page  37) 
that  100  volumes  of  air  at  32°  become  137’5  at  212°,  the  increase  being 
^ftli  of  the  original  bulk:  dividing  this  by  180,  it  is  found  that  a 
volume  of  air  dilates  volume  Avhich  is  occupied  at  32°  for 

every  degree  of  Fahrenheit’s  scale,  and  the  same  law  applies  to  all  other 
aeriform  bodies  not  in  contact  Avith  any  liquid.  If,  therefore,  it  be  re- 
quired to  knoAV  Avhat  volume  100  cubic  inches  of  air  at  70°  Avould  occupy 
at  60°,  Ave  must  bear  in  mind  that  it  is  not  4-|-oth  part  per  degree  of  the 
observed  volume  at  70°  Avhich  is  to  be  deducted ; but  x^-oth  part  of  the 
volume  Avhich  100  cubic  inches  at  70°  Avould  occupy  at  32°.  Noav,  480 
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parts  of  air  at  32°,  ])ecorae  481  parts  at  33°,  and  increase  one  part  for 
every  additional  degree,  so  that  at  60°  they  have  increased  to  508  parts, 
and  at  70°  to  518  parts,  and  tlius  we  have  a proportion  between  tlie 
volumes  at  60°  and  70°  by  which  we  can  determine  the  question:  for 

Volume  at  70°.  Volume  at  60°.  Cub.  in.  at  70°.  Cub.  in.  at  60°. 

4804-38  : 480  4-28  ::  100  : 98*069; 

or,  on  the  other  hand,  if  we  wish  to  know  the  correct  volume  at  60°,  of 
40  cubic  inches  of  air  observed  at  35°, 

Volume  at  35°.  Volume  at  60°.  Cubic  inches.  Cubic  inches. 

4804-3  : 480  4-28  ::  40  : 4207. 

Again;  the  weight  of  100  cubic  inches  of  air  being  31  grains  at  60°,  the 
weight  of  an  equal  volume  at  212°  will  be  found  as  follows: — 

Volume  at  212°.  Volume  at  60°.  Grains.  Grains. 

4804-180  : 4804-28  ::  31*0  : 23*86 

In  making  the  correction  for  temperature  in  addition  to  that  for  pres- 
sure, it  matters  not  which  is  first  applied  to  the  observed  volume,  as  the 
result  will  be  the  same  in  either  case.  (Daniell’s  Introduction^  § 154.) 

It  has  already  been  observed  that  gas,  when  standing  over  water, 
becomes  saturated  with  aqueous  vapor,  the  quantity  being  proportional 
to  the  temperature.  In  such  cases  a part  of  the  observed  volume,  as 
well  as  of  the  weight,  is  due  to  vapor,  Avhich  therefore  must  be  deter- 
mined before  the  actual  weight  of  the  gas  can  be  accurately  calculated. 
The  following  table  (Faraday,  Manipulation^  2nd  edition,  p.  376,)  exhi- 
bits the  proportion  by  volume  of  aqueous  vapor  existing  in  any  gas 
standing  in  contact  with  water  at  the  corresponding  temperatures  and  at 
mean  barometric  pressure. 


40^  

*00933 

54'"  

*01533 

68*"  

*02406 

41  

*00973 

55  

*01586 

69  

*02483 

42  

*01013 

56  

*01640 

70  

*02566 

43  

*01053 

57  

*01693 

71  

*02653 

44  

*01093 

58  

*01753 

72  

*02740 

45  

*01133 

59  

*01810 

73  

*02830 

46  

*01173 

60  

*01866 

74  

*02923 

47  

*01213 

61  

*01923 

75  

*03020 

48  

*01253 

62  

*01980 

76  

*03120 

49  

*01293 

63  

*02050 

77  

*03220 

50  

*01333 

64  

*02120 

78  

*03323 

51  

*01380 

65  

*02190 

79  

*03423 

52  

*01426 

66  

*02260 

80 

•03533 

53  

*01480 

67  

*02330 

By  reference  to  this  table,  which  is  founded  upon  the  experiments 
of  Dalton  and  Ure,  and  includes  any  temperature  at  which  gases  are 
likely  to  be  weighed,  the  proportions  in  bulk  of  vapor  present,  and 
consequently  of  the  dry  gas,  may  be  easily  ascertained.  For  this  pur- 
pose the  observed  temperature  of  the  gas  should  be  looked  for,  and 
opposite  to  it  will  be  found  the  proportion  in  bulk  of  aqueous  vapor  at  a 
pressure  of  30  inches.  The  volume  to  which  this  amounts  should  be 
ascertained  and  corrected  to  mean  temperature.  Then  the  whole  volume 
is  to  be  corrected  to  mean  temperature  and  pressure,  and  the  corrected 
volume  of  vapor  subtracted  from  it.  This  will  leave  the  corrected 
volume  of  dry  gas.  It  has  been  ascertained,  in  a manner  approaching 
to  perfect  accuracy,  that  a cubic  inch  of  permanent  aqueous  vapor 
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corrected  to  the  temperature  of  00°,  and  a mean  pressure  of  30  inches, 
Aveighs  0T929  grains.  The  weight,  therefore,  of  the  known  volume 
of  aqueous  vapor  is  now  easily  ascertained,  and  this  being  subtracted 
from  the  weight  of  the  moist  gas,  will  give  the  weight  of  the  dry  gas,  tlie 
volume  of  which  is  also  known.  As  an  illustration,  suppose  a gas 
standing  over  water  liad  l)een  thus  weighed,  and  that  220  cubic  inches 
at  the  temperature  of  50°  Fahr.,  and  barometric  pressure  of  29  4 inches, 
had  entered  into  the  globe  and  caused  an  increase  in  weight  of  101 '09 
grains.  P)y  reference  to  the  table  it  will  he  found  that  at  the  tem- 
perature of  50°,  the  proportion  of  aqueous  vapor  in  gas  standing  over 
water  is  *01333,  which  in  the  220  cubic  inches  wiil  amount  to  2*933 
cubic  inches,  which,  corrected  to  the  temperature  of  00°,  becomes  2 942 
cubic  inches.  The  whole  volume  corrected  to  mean  temperature  and 
pressure  will  he  found  to  equal  219*929  cubic  inches,  from  Avhich,  if 
the  2*942  cubic  inches  of  aqueous  Ampor  present  be  Subtracted,  it  will 
leave  21 0*987  cubic  inches  as  the  volume  of  drij  gas  at  mean  tem- 
perature and  pressure:  2*942  cubic  inches  of  aqueous  vapor  Aveigh 
’56'/5  grains,  for  2*942  x 0*1929  = 0*5675 ; this  subtracted  from  10T69, 
the  Avhole  Aveight,  leaves  101*1225  grains,  Avhich  is  the  Aveight  of  the 
216*917  cubic  inches  of  dry  gas;  and  by  the  simple  rule  of  propor- 
tion, therefore,  it  Avill  be  found  that  100  cubic  inches  of  such  gas, 
Avhen  dried,  and  at  mean  temperature  and  pressure,  Avill  Aveigh  46*603 
grains. 

Daniell  {Iiitroduction.,  § 203)  gives  the  folloAving  data  for  calculating 
the  amount  of  the  correction  for  moisture.  Suppose  Ave  found  100  cubic 
inches  of  a gas  saturated  Avith  vapor,  properly  corrected  for  the  tem- 
perature of  60°,  and  30  inches  pressure,  to  Aveigh  31  grains,  and  Avished 
to  knoAV  the  equivalent  bulk  and  AAndght  of  the  dry  gas.  The  observed 
A'olume  is  partly  due  to  the  expansion  occasioned  by  the  vapor,  and  this 
portion  Avill  be  in  the  same  proportion  to  the  Avhole  as  the  elasticity  of  the 
Ampor  is  to  the  total  elasticity : therefore, 

Barom.  pressure.  Force  of  vap.  at  6*0°.  Cubic  inches.  Cubic  inches. 

30*000  : 0*560  ::  100  : 1*86. 

The  volume  of  the  dry  gas  is  therefore  100  — 1*86  = 98*14  cubic  inches. 
Noav  this  expansion  of  1*86  cubic  inches  maybe  regarded  as  so  much 
A*apor  of  the  same  elasticity  as  the  air  diffused  through  the  Avhole  space  ; 
and  as  the  specific  graAuty  of  such  steam  compared  to  air  is  as  0*620  to 
TOOO,  then 

Sp.  Gr.  Sp.  Gr. 

of  Air.  of  Steam.  Grains.  Grains. 

1 : 0*620  : .*  31  : 1 9*22  = Aveight  of  100  cubic  inches  of  steam; 

Cubic  inches.  Grains.  Cubic  inches.  Grains. 

and  100  : 19*22  : : 1*86  : 0*35, 

Avhich  gives  the  weight  of  the  vapor  to  he  deducted  from  tlie  total 
Aveight:  making  the  weight  of  98*  14  cubic  inches  of  dry  air  31  —0*35, 
or  30*65. 

When  it  is  required  to  deprive  gases  of  vapor,  so  as  to  render  them 
drij^  they  may  be  sloAvly  passed  through  a tube  about  half  an  inch  dia- 
meter, and  from  two  to  three  feet  long,  containing  fragments  of  fused  and 
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dry  cliloiide  of  calcium,  which,  hy  its  strong  attraction  for  moisture, 
effects  the  desiccation  of  the  gas.  A few  gases  are,  however,  absorbed 
by  it,  in  which  case  fused  potassa,  or  fused  carbonate  of  potassa,  duly 
comminuted,  may  he  substituted.  Some  gases  are  conveniently  dried  hy 
exposing  them  to  a surface  of  sulphuric  acid.  (Faraday’s  M anipulalion^ 
p.  386.) 

Composition  op  the  Atmosphere.  Atmospheric  air  has  already 
been  stated  to  consist  essentially  of  oxygen  and  nitrogen : these  gases 
are  merely  in  a state  of  mixture,  and  not  in  combination.  There  are 
various  ways  of  learning  the  proportion  which  the  oxygen  hears  to  the 
nitrogen ; and  as  the  relative  fitness  of  the  air  for  breathing  has  some- 
times been  considered  as  depending  upon  the  quantity  of  oxygen  con- 
tained in  a given  volume,  the  instruments  used  in  these  experiments  have 
been  called  eudiometers. 

From  facts  already  stated,  it  is  obvious,  that  if  atmospheric  air,  mixed 
with  a certain  quantity  of  hydrogen^  be  detonated  by  the  electric  spark, 
the  absorption  will  be  proportionate  to  the  quantity  of  oxygen  present. 
When  100  measures  of  pure  hydrogen  are  mixed  wdth  100  of  pure 
oxygen,  the  diminution  of  bulk  after  detonation  will  amount  to  150  parts; 
that  is,  one  volume  of  oxygen  condenses  two  of  hydrogen.  If  we  intro- 
duce into  the  graduated  detonating  tube  (fig.  265)  300  measures  of  com- 
mon air,  and  200  of  pure  hydrogen,  there  will  remain,  after  detonation, 
314  measures ; so  that  186  measures  will  have  disappeared,  of  which 
one-third  may  be  estimated  as  pure  oxygen  : hence  300  parts  of  air  have 
thus  lost  63  of  oxygen,  or  21  per  cent. 

The  general  rule,  therefore,  for  thus  estimating  the  amount  of  oxygen 
in  air  may  be  stated  as  follows: — Add  to  3 measures  of  the  air  under 
examination  2 measures  of  pure  hydrogen ; detonate ; and,  wFen  the 
vessel  has  cooled,  observe  the  absorption ; divide  its  amount  by  3,  and 
the  quotient  is  the  quantity  of  oxygen.  This  method  was  first  re- 
sorted to  by  Volta,  and  is  susceptible  of  great  accuracy,  since  hydrogen 
is  easily  procured  almost  absolutely  pure.  An  improved  detonating  tube 
for  these  purposes  has  been  described  by  Gay  Lussac.  (Ann.  Ch.  et 
Ph.^  iv.  188.)  The  simplest  form  of  instrument,  however,  for  deto- 
nating gaseous  mixtures,  is  that  contrived  by  Dr.  Ure  ; it  consists  of  a 
glass  syphon  with  legs  nearly  of  equal  length,  open  and  slightly  funnel- 
shaped  at  one  extremity,  and  hermetically  sealed  and  supplied  with 
platinum  detonating  wires  at  the  other.  The  sealed  leg  is  graduated 
into  100  equal  parts;  or  into  subdivisions  of  the  cubic  inch.  To  use 
this  instrument,  it  is  filled  with  mercury,  and  inverted  in  the  pneumatic 
trough ; a convenient  quantity  of  the  gaseous  mixture  is  introduced,  and 
having  applied  a finger  to  the  orifice,  the  tube  is  removed  and  inverted 
so  as  to  transfer  the  gas  to  the  sealed  leg,  wdiere  its  quantity  is  very 
accurately  measured ; w^e  then  pour  a portion  of  mercury  from  the  open 
end  of  the  tube,  so  as  to  leave  a space  of  about  tw^o  inches,  and  closing 
the  aperture  with  the  thumb,  detonate  by  the  electric  spark : the  in- 
cluded portion  of  air  serves  as  a spring,  and,  on  wfithdrawdng  the  thumb, 
the  change  of  bulk  is  read  off,  having  previously  added  mercury,  so  as 
to  bring  it  to  a level  in  both  legs  of  the  syphon.  Any  liquid  or  solid 
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tliat  is  required,  may  then  be  passed  up  into  the  closed 
end  for  the  analysis  of  the  residuary  gas.  {Edin,  PhiL 
Trans. ^ 1818.)  The  annexed  cut  (fig.  281)  represents 
the  mode  of  holding  the  tube  and  firing  the  included 
gases. 

The  action  of  spongy  plaiinum.,  already  mentioned 
(p.  304,)  may  be  resorted  to,  to  effect  the  union  of 
oxygen  and  hydrogen  in  eudiometrical  experiments;  or, 
the  air  under  examination  may  be  mixed  with  its  bulk 
of  pure  hydrogen,  and  two  or  three  of  the  small  balls, 
composed  of  spongy  platinum  and  clay,  thrown  up 
into  the  mixture  standing  over  mercury;  in  the  course 
of  an  hour  or  two,  when  the  diminution  of  bulk  has 
attained  its  maximum,  and  the  vessel  has  cooled,  the 
residuary  gas  is  carefully  measured,  and  one-third  of 
its  loss  of  bulk  is  = to  the  oxygen.  Ure’s  eudiometer,  or  a similarly 
bent  tube,  may  be  conveniently  used  in  these  experiments,  there  being 
no  difficulty  in  conveying  one  of  the  platinum  pellets  into  the  sealed 
leg  of  the  tube. 

Scheele,  in  his  eudiometrical  experiments,  employed  sulphur  el  of 
2)otassiu?n,  the  solution  of  which  absorbs  oxygen,  as  may  be  shown  by 
agitating  it  with  atmospheric  air  in  a graduated  glass  tube.  In  this 
experiment  the  nitrogen  remains  unaltered.  The  eudiometric  lubes 
of  Hope  (Nicholson’s  Journal^  vol.  iv.)  and  Henry  {Elemeyits^  vol.  i. 
p.  149,)  as  represented  in  the  marginal  wood-cuts  (fig.  282  and  283,)  are 
convenient  for  such  experiments  by  absorption.  The  former  consists  of 
a small  bottle,  holding  about  three  ounces,  into  which  the  graduated  glass 
tube  a is  carefully  fitted  by  grinding.  It  also  has  a ground  stopper  at  h. 
To  use  it,  the  phial  is  filled  with  the  solution 
of  the  alkaline  sulphuret,  and  the  tube  «,  con- 
taining the  air  to  be  examined,  fitted  into  its 
place.  After  inverting  and  agitating  the  in- 
strument, the  stopper  h may  be  opened  under 
water,  and  the  absorption  is  shown  by  the  rise 
of  the  fluid  in  the  tube.  For  the  glass-bottle. 

Dr.  Henry  substituted  the  elastic  gum-bottle  h 
(fig.  283,)  in  the  neck  of  which  a short  piece 
of  glass  tube  is  secured,  into  which  the  tube 
a is  fitted  by  grinding.  In  the  Philosophical  5 
Transactions  for  1807,  Pepys  has  described  a 
modification  of  this  eudiometer,  which  may  be 

often  advantageously  employed  in  delicate  experiments,  and  by  which 
an  absorption  of  a thousandth  part  of  the  gas  under  examination  may 
be  measured. 

When  nitric  oxide  gas  and  atmospheric  air  are  mixed,  there  is  a pro- 
duction of  hyponitrous  and  nitrous  acid,  in  consequence  of  the  union  of 
oxygen  with  the  oxide;  and  if  the  mixture  be  made  over  water,  an 
absorption  proportional  to  the  quantity  of  acid  formed  ensues.  Upon 
this  principle  nitric  oxide  has  been  used  in  eudiometrical  experiments  ; 
but  it  does  not  furnish  accurate  results.  Priestley  and  Cavendish,  (Phil. 
Trans..,  1783,)  availed  themselves  of  this  mode,  and  Dalton  has  offered 
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some  remarks  upon  it.  {Phil.  Mag. ^ vol.  xxviii.)  ‘‘ Tlie  most  certain 
results  are  obtained  by  adding  to  100  parts  of  the  atmospheric  air,  pre- 
viously introduced  into  a small  beer-glass,  an  equal  volume  of  nitric 
oxide  gas ; the  mixture  may  be  gently  agitated,  and  in  two  or  three 
minutes  carefully  decanted  into  a graduated  tube,  when  it  will  be  found, 
provided  the  nitric  oxide  be  pure,  that  84  measures  have  disappeared,  of 
which  one-fourth,  or  21  measures,  are  oxygen.” 

II.  Davy  suggested  the  use  of  a solution  of  protosulphate  of  iron., 
impregnated  with  nitric  oxide  gas.^  for  the  absorption  of  oxygen ; it  may 
be  employed  in  the  same  wmy  as  the  alkaline  sulphuret. 

If  a stick  of  phosphorus  be  confined  in  a portion  of  atmospheric  air, 
it  will  slowly  absorb  the  oxygen  present.  The  rapid  combustion  of  the 
same  substance  may  also  be  conveniently  resorted  to. 
For  this  purpose  a small  piece  of  phosphorus  may  be 
introduced  into  the  bulb  of  the  tube  a (fig.  284,)  con- 
taining a given  measure  of  the  air  to  be  examined,  con  - 
fined over  mercury,  -which,  to  prevent  loss  by  expansion, 
should  be  suffered  to  occupy  about  half  the  tube,  or  to 
stand  at  b.  The  phosphorus  may  then  be  inflamed,  and 
distilled  through  the  air  in  the  tube;  and  when  the 
combustion  is  over,  and  the  tube  cold,  the  residuary  air 
may  be  transferred  tor  measurement.  These  eudiome- 
trical  methods  were  used  by  Lavoisier,  Berthollet,  and 
Seguin,  {Ami.  de  C/^.,  ix.  and  xxxiv.,)  and  are  both  sus- 
ceptible of  accuracy;  a loss  of  volume  amounting  to  between  20  and  21 
per  cent,  of  the  atmospheric  air  invariably  occurred. 

Dupasquier  uses  the  hydrated  protoxide  of  iron  as  a means  of 
abstracting  the  oxygen  of  the  air ; he  has  described  the  mode  of  apply- 
ing it  in  the  Ann.  Ch.  et  Ph.  for  October,  1843. 

Gay  Lussac  has  recommended  the  use  of  slips  of  copper  moistened 
with  hydrochloric  acid,  for  the  removal  of  oxygen  from  the  air.  Saus- 
sure  used  thin  turnings  of  clean  metallic  lead,  which  when  agitated  with 
a little  water  in  the  contact  of  air,  absorb  its  oxygen,  and  form  hydrated 
oxide  of  lead.  Berzelius  employs  the  liquid  amalgam  of  lead  and  mer- 
cury for  the  same  purpose.  Of  these  various  processes,  detonation  with, 
or  absorption  by,  hydrogen,  and  the  action  of  burning  phosphorus,  are 
those  which  are  usually  resorted  to,  and  are  most  precise  and  easily 
performed. 

By  experiments  thus  conducted,  it  has  been  found  that  the  composi- 
tion of  the  atmosphere  is  extremely  uniform  in  all  parts  of  the  -world, 
and  at  all  heights  above  its  surface,  and  nearly  in  all  weathers  (See 
Dumas,  Essai  de  Statique  Chimique.,  53 ; and  M.  B.  Lewy  on  the  Air  of 
Copenhagen  and  Guadeloupe,  &c.,  Ann.  Ch.  et  Ph..  Aout,  1843),  and 
it  has  generally  been  considered  as  consisting  of 

By  measure.  By  weight. 

Oxygen  208  230 

Nitrogen  792  770 

1000  1000 

Though  these  are  what  are  usually  termed  the  essential  component 
parts  of  atmospheric  air,  it  contains  other  substances,  which  to  a certain 
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extent  may  be  regarded  as  adventitious,  and  the  quantity  of  wliich  is 
liable  to  vary*:  of  these,  carbonic  acid  and  aqueous  vaimr  are  the  most 
important  and  constant.  The  quantity  of  the  former  may  usually  be  con- 
sidered as  amounting  to  less  than  *01  per  cent.,  namely  from  3 ’7  to  6*2 
measures  in  10,000  t*.  The  presence  of  aqueous  vapor  in  the  atmosphere 
is  shown  in  a variety  of  ways,  but  most  easily  by  exposing  to  it  certain 
deliquescent  substances,  which  liquify  or  increase  in  weight  in  conse- 
quence of  its  absorption ; and  as  the  gases  in  general,  unless  artificially 
dried,  also  retain  vapor  of  water,  it  is  necessary,  in  delicate  experiments, 
and  in  ascertaining  their  specific  gravity,  to  take  this  ingredient  into  the 
account  (see  p.  367,)  or  to  separate  it  by  proper  means.  These  processes 
are  elsewhere  detailed. 

The  relative  quantity  of  aqueous  vapor  in  the  atmosphere  is  subject 
to  much  variation.  From  the  experiments  of  Saussure,  Dalton,  and 
Ure,  already  referred  to,  it  appears  that  100  cubic  inches  of  atmospheric 
air  at  57°,  are  capable  of  retaining  0*35  grains  of  watery  vapor  ; in  this 
state  the  air  may  be  considered  at  its  maximum  of  humidity ; it  would 
also  appear  that  all  the  gases  take  up  the  same  quantity  of  water  when 
under  similar  circumstances,  and  that  it  consequently  depends,  not  upon 
the  density  or  composition,  but  upon  the  bulk  of  the  gas;  and  from 
Dalton’s  researches,  it  may  be  concluded  that  the  vapor  forms  an  inde- 
pendent atmosphere,  mixed,  but  not  combined  with  the  air.  (Daniell’s 
Meteorology.) 

Hygroscopes  and  hygro7neters  are  instruments  which  show  the  pre- 
sence of  water  in  the  air,  its  variation  in  quantity,  and  its  actual  quantitj' 
existing  in  a given  bulk  of  air  at  any  given  time.  Saussure  employed  a 
human  hair,  which,  by  its  dilatations  and  contractions  in  moisture  and 
dryness,  turned  an  index ; Deluc  used  a thin  strip  of  whalebone  in  the 
same  way  ; Wilson  emj^loyed  a rat’s  bladder,  filled  with  mercury,  and  tied 
on  to  a large  thermometer-tube : by  its  dilatation  and  contraction  the 
mercury  falls  and  rises  in  the  tube,  and  thus  indicates  changes  in  the 
moisture  of  the  air.  Mason’s  hygrometer  shows  the  relative  dryness  and 
moisture  of  the  atmosphere  by  the  degree  of  cold  produced  by  evapora- 
tion from  a given  surface.  If  two  delicate  thermometers  have  their 


* Lavoisier’s  experiments  gave  27 
measures  of  oxygen  and  73  nitrogen: 
Priestley  stated  the  oxygen  to  vary  from 
20  to  25  per  cent. : Cavendish  estimated 
it  at  20  per  cent. : Berthollet  found  in  the 
air  of  Cairo  and  of  Paris  22  of  oxygen: 
Saussure  in  Geneva  21  to  22:  De  Marty 
in  Catalonia,  in  all  situations,  21  to  22 ; 
Davy,  at  Bristol  and  upon  the  west  coast 
of  England,  during  westerly  winds,  21. 
The  same  in  air  from  the  coast  of  Guinea. 
Berger  on  the  Jura,  and  on  the  mountains 
and  in  the  valleys  of  Savoy,  20*3  to  21‘6: 
Configliachi  on  the  Simplon  21,  and  in 
the  Rice-fields  of  the  Milanese  20’8 : Gay 
Lussac,  22,000  feet  above  the  surface,  and 
in  Paris,  21‘49:  Dalton  in  England  20‘7 
to  20'8:  seldom  21;  but  on  Jan.  8,  1825, 
Barom.  30-9  and  wind  north-cast,  21 ‘15. 


Gay  Lussac  and  Humboldt,  instead  of  21, 
as  in  the  external  air,  found  20*2  in  the 
Theatre  Fran^ais  during  the  performance. 
(L.  Gmelin,  Handbuch,  i.  443.) 

"f*  Saussure  and  Gay  Lussac  found  the 
usual  proportion  of  carbonic  acid  in  the 
air  from  the  summit  of  Mont  Blanc,  and 
650  toises  above  Paris.  Beauvais  found 
scarcely  a trace  of  carbonic  acid  in  the  air 
over  the  sea  off  Dieppe,  but  the  usual  pro- 
portion inland.  According  to  Saussure, 
the  proportion  varies  with  the  season : tlie 
air  in  a meadow,  in  August,  contained 
0*000713;  in  Jan.,  0*000479;  in  Nov., 
in  rainy  and  stormy  weather,  0*0004  25. 
Dalton  estimates  the  carbonic  acid  at  0*001 ; 
Configliachi  the  maximum  at  0*008,  and 
Humboldt  (probably  an  excess)  at  0*005  to 
0*018.  (L.  Gmelin.) 
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bulbs  covered  with  a thin  picee  of  muslin,  and  if  the  one  be  dry  and  the 
other  moist,  the  depression  of  the  latter  v ill  be  directly  as  the  rapidity 
or  amount  of  evaporation,  and  this  again  will  chiefly  depend  upon  the 
state  of  the  circumambient  air  as  to  moisture  : if  it  be  charged  with 
vapor,  no  evaporation  from  the  wet  bulb  will  ensue,  and  consequently 
the  mercury  in  that  thermometer  will  remain  stationary : if,  on  the 
contrary,  the  air  be  very  dry,  it  will  eagerly  abstract  vapor  from  the 
humid  surface,  and  a corresponding  degree  of  cold  will  be  indicated  by 
the  depression  of  the  mercury  in  the  humid  thermometer,  as  compared 
with  the  standard  or  dry  thermometer.  The  annexed  wood-cut  shows 

the  arrangement  of  the  thermometers  in  Dr. 
Mason’s  instrument.  He  covers  the  bulbs  with 
white  silk,  and  that  intended  for  the  hygrometric 
indications  is  kept  constantly  moist  by  the  capil- 
lary action  of  a thread  of  floss  silk  which  is  at- 
tached to  it,  and  of  which  one  end  dips  into  the 
cup  of  water  forming  the  lower  end  of  a reser- 
voir, which  acts  ujmn  the  principle  of  the  bird 
fountain.  In  this  instrument  the  hygrometric 
degrees  are  best  expressed  by  those  of  the  thermo- 
metric scale. 

Danielfs  hygrometer  shows  the  constituent 
temperature  of  the  moisture  in  the  atmosphere, 
by  its  precipitation  upon  a cold  surface;  com- 
paring this  with  the  temperature  of  the  atmo- 
sphere, the  difference  furnishes  a datum  for  cal- 
culating the  quantity  of  vapor  in  a given  quantity 
of  air.  A detailed  account  of  this  instrument, 
and  of  the  observations  made  with  it,  is  given  by 
Mr.  Daniell  in  the  Qiiaricrly  Journal  of  Science 
(vols.  viii.  ix.  and  x.),  and  in  his  “ Essays.”  It 
consists  of  a tube,  twice  bent  at  right  angles,  at 
the  ends  of  which  are  two  thin  glass  bulbs;  the 
one  tightly  covered  by  a piece  of  fine  muslin,  the 
other  about  half  full  of  ether,  and  including  a 
very  delicate  thermometer,  the  small  oblong  bulb 
of  which  is  immersed  into  the  ether,  as  shown  in 
fig.  286.  The  bulbs  and  tubes  are  filled  with  the 
vapor  of  ether,  to  the  entire  exclusion  of  air,  so 
that  when  the  instrument  is  placed  as  in  the 
figure,  and  the  bulb  a is  cooled  by  dropping  a 
few  drops  of  good  ether  upon  it,  (see  page  84 
in  reference  to  the  phenomena  of  evaporation, 
and  the  construction  of  the  cryophorus,  which  acts  upon  the  same 
principle,)  the  interior  etherial  vapor  is  in  part  condensed,  and  the 
liquid  in  b furnishes  a fresh  portion,  by  which  its  temperature  is  more 
or  less  low^ered,  as  shown  by  the  immerged  thermometer  cl.  Now 
when  the  bulb  b is  thus  cooled,  it  is  in  the  condition  of  any  other  cold 
body,  and  has  a tendency  to  cause  the  deposition  of  aerial  moisture  upon 
its  surface;  and  the  temperature  at  which  such  deposition  will  take  place 
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or  ill  other  words  the  dew-point^  will  vary  with  the  hygrometric  state  of' 
the  air.  In  very  humid  atmospheres 
the  thermometer  d will  scarcely  have 
fallen  a degree  before  a ring  of  mois- 
ture is  evident  upon  coinciding  with 
the  surface  of  the  included  ether,  and 
being  the  point  of  lowest  temperature: 
in  dry  atmospheres,  on  the  other  hand, 
it  will  be  necessary  to  reduce  the 
temperature  of  the  included  thermo- 
meter, by  the  continuous  evaporation 
of  ether  from  the  covered  bulb,  many 
degrees,  before  the  ring  of  dew  is  vi- 
sible. Now  the  temperature  at  which 
this  ring  of  dew  is  deposited,  or  the  de7v~ 
pointy  may  be  accurately  read  off  upon 
the  interior  thermometer  by  observing 
the  degree  at  which  it  stands  at  the 
moment  of  the  first  appearance  of  the 
ringqf  dew;  and  this  observation  maybe 
corrected  or  verified  by  again  observing 
the  temperature  or  degree  at  which  the 
ring  of  dew  vanishes:  these  two  obser- 
vations seldom  differ  more  than  a degree  or  two,  and  the  mean  may 
be  assumed  as  correct,  for  the  errors,  if  any,  must  lie  in  opposite 
directions.  There  is  a second  or  external  thermometer  attached  to  this 
instrument  at  which  shows  the  temperature  of  the  air  at  the  time 
of  making  the  observation;  and  the  difference  between  the  two  thermo- 
meters at  that  time  gives  the  exact  temperature  required  for  the  deposi- 
tion of  the  aerial  moisture,  or  is  the  dew-point;  the  extent  of  this 
difference  is  as  the  dryness  of  the  air,  and  may  thus  be  used  as  an 
hygrometric  term.  On  one  day,  for  instance,  the  external  thermometer 
being  60°,  the  internal  fell  to  48°  before  the  ring  of  dew  appeared : on 
another  day  the  external  thermometer  stood  at  66°,  and  the  internal  had 
only  fallen  to  64°  when  the  dew-ring  appeared;  here  therefore  the  degree 
of  dryness  might  be  called  12°  in  the  former,  and  2°  in  the  latter  case.  It  is 
obvious  then,  in  regard  to  this  instrument,  that  it  furnishes  a very  ready 
and  exact  method  for  the  determination  of  the  dew-point. 

“By  means  of  the  dew-point  accurately  ascertained,’'  Mr.  Daniell 
observes,  “ many  points  of  the  utmost  interest  to  chemical  and  meteoro- 
logical science  may  he  determined.  By  mere  inspection  of  tables  pro- 
perly constructed,  we  can  at  once  determine  the  elasticity  and  density  of 
tlie  aqueous  vapor — its  weight  in  a cubic  foot  of  the  air — the  degree 
of  dryness,  either  upon  the  thermometric  or  the  hygrometric  scale — and 
the  rate  of  evaporation ; when  the  air  is  saturated,  the  precipitation  is 
instantaneous,  i.e.,  the  dew-point  coincides  with  the  temperature  of  the 
air.  In  this  country,  the  degree  of  dryness  measured  in  thermometric 
degrees  seldom  reaches  30°,  that  is  to  say,  the  dew-point  is  seldom  30° 
below  the  temperature  of  the  air,  but  in  the  Deccan,  with  a temperature 
of  90°,  the  dew-point  has  been  seen  as  low  as  29°,  making  the  degree  of 
dryness  61°. 
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The  more  accurate  mode,  however,  of  expressing  the  moisture  of 
the  air  from  an  observation  of  the  temperature  and  dew-point,  is  by 
the  quotient  of  the  division  of  the  elasticity  of  vapor  at  the  real  at- 
mospheric temperature,  by  the  elasticity  at  the  temperature  of  the 
dew-point : for,  calling  the  term  of  saturation  1000,  as  the  elasticity 
of  vapor  at  the  temperature  of  the  air  is  to  the  elasticity  of  vapor  at 
the  temperature  of  the  dew-point,  so  is  the  term  of  saturation  to  the 
observed  degree  of  moisture.^  Thus,  with  regard  to  the  observation  in 
the  Deccan, 

Force  at  60°  Force  at  29° 

1-430  : 0-194  ::  1000  : 135. 

“ The  fourth  term  is  the  degree  of  moisture  on  the  liygrometric  scale.” 

As  an  average  of  results,  the  ordinary  constituents  of  the  atmosphere 
appear  to  be  in  the  following  proportions : 


Nitrogen 78‘8 

Oxygen  19*7 

Aqueous  vapor  1-4 

Carbonic  acid  -1 


lOO-O 

If  the  relative  bulk  of  oxygen  to  nitrogen 
be  considered  as  1 to  4,  and  many  analysts 
will  not  allow  that  the  atmosphere  contains 
more  than  20  of  oxygen  to  80  of  nitrogen,  it 
follows  that,  in  reference  to  the  atomic  theory, 
it  is  a mixture  of  one  atom  or  equivalent  of 
oxygen =8,  and  two  of  nitrogen  =14  — 

as  represented  in  the  margin. 


Oxygen. 

8 

Nitrogen. 

O 

14 

— 

o 

A 

Ifl 

B 

Nitrogen. 
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In  addition  to  the  substances  above  enumerated  as  the  constant  com- 
ponent parts  of  our  atmosphere,  it  contains,  in  certain  situations,  minute 
quantities  of  what  may  be  termed  accidental  ingredients^  the  nature  and 
proportions  of  which  depend  upon  a variety  of  causes ; and  “ as  the  sea 
contains  a little  of  everything  that  is  soluble  in  water,  so,”  as  Dr.  Front 
observes,  the  atmosphere  may  be  conceived  to  contain  a little  of  every- 
thing that  is  capable  of  assuming  the  gaseous  form.”  It  has  even  been 
supposed  that  all  substances  may  impart  in  this  way  portions  of  foreign 
matter,  which,  though  infinitely  small,  would  in  time  accumulate  into 
sensible  proportions;  the  formation  of  aerolites  has  even  been  referred 
to  such  a cause  : but  the  fallacy  of  this  hypothesis  has  been  satisfactorily 
demonstrated  by  Faraday  {On  the  existence  of  a Limit  to  Vaporisation., 
Fhil.  Trans..,  1826,  p.  484),  his  argument  being  founded  on  the  principle 
by  which  Wollaston  accounted  for  the  limited  extent  of  the  atmosphere 
(Pliil.  Trans..,  1822,  p.  89);  namely,  that  its  boundary  is  dependent  upon 
the  opposing  powers  of  elasticity  and  gravitation.  On  passing  upwards 
from  the  earth’s  surface  the  air  becomes  more  and  more  attenuated 
in  consequence  of  the  gradually  diminishing  pressure  of  the  superincum- 
bent part,  and  its  tension  or  elasticity  is  proportionately  diminished : 
when  the  diminution  is  such  that  the  elasticity  is  a force  not  more 
powerful  than  the  attraction  of  gravity,  then  a limit  to  the  atmosphere 
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must  occur:  the  particles  of  the  atmosphere  there  tend  to  separate  with  a 
certain  force,  but  this  force  is  not  greater  than  the  attraction  of  gravity 
which  tends  to  make  them  approach  the  earth  and  each  other ; and  as 
expansion  Avould  necessarily  give  rise  to  diminished  tension,  the  force  of 
gravity  would  then  he  strongest,  and  consequently  cause,  contraction, 
until  the  powers  were  balanced  as  before. 

This  condition’ of  aerial  particles,  Faraday  applies  to  all  other  vapors, 
and  infers  that  every  kind  of  matter  ceases  to  assume  the  elastic  form, 
when  the  gravitation  of  its  particles  exceeds  the  elasticity  of  its  vapor ; 
and  by  proving  that  a variety  of  substances,  kept  for  some  years  in  a 
confined  space  and  with  moisture,  underwent  no  evaporation,  he  has 
furnished  ample  grounds  for  denying  the  existence  of  a miscellaneous 
collection  of  vapors  in  the  atmosphere. 

To  revert,  however,  to  the  extraneous  matters^  as  they  may  be  called, 
which  have  actually  been  detected,  or  may  fairly  be  presumed  to  exist  in 
the  air.  One  of  these,  to  which  much  importance  has  been  attached  as 
the  source  of  nitrogen  in  vegetables,  is  ammonia,  probably  as  a carbonate: 
thus  acids,  exposed  to  the  air,  gradually  imbibe  traces  of  ammonia: 
solution  of  sulphate  of  alumina  too,  after  long  exposure,  yields  crystals  of 
ammonia-alum.  Pipe -clay  heated  to  redness,  and  exposed  for  a week  to 
the  air,  evolves  ammonia  when  heated ; but  if  preserved  from  the  con- 
tact of  air  no  trace  of  ammonia  is  offered.  When  rain  or  snow-water  is 
distilled,  the  first  portion  which  comes  over  contains  carbonate  of  ammo- 
nia, and  yields  sal  ammoniac  on  evaporation  after  the  addition  of  a few 
drops  of  muriatic  acid;  the  same  salt  is  observable  in  almost  all  water 
after  it  has  been  similarly  acidulated  and  evaporated.  We  observe, 
in  London,  that  traces  of  sulphurous  and  sulphuric  acid  are  observable, 
and  also  of  sulphate  of  ammonia,  which  salt  we  sometimes  see  upon 
dirty  windows  in  small  stellated  spots:  these,  as  well  as  finely-divided 
carbonaceous  matter,  are  no  doubt  derived  from  coal-smoke.  So  also,  in 
regard  to  traces  of  sulphuretted  hydrogen,  indicated  by  the  tarnish 
of  silver:  this  contamination  is  subject  to  much  variation,  and  often 
entirely  local,  as  in  the  neighbourhood  of  gas-works,  sewers,  stagnant 
pools,  sulphur  springs,  &c.  The  presence  of  a minute  trace  of  free  hydrogen 
has  been  suspected  in  the  air,  and  also  of  that  form  of  carburetted 
hydrogen  known  as  fire  damp,  or  marsh  gas.  The  air  in  the  vicinity  of 
certain  manufactories,  reducing-furnaces,  and  other  places  where  large 
quantities  of  peculiar  gases  or  vapors  may  be  generated,  will  also  be  liable 
to  more  or  less  local  contamination.  In  the  vicinity  of  the  sea,  and  espe- 
cially during  storms,  the  rain  which  falls  contains  traces  of  salt,  and 
during  a thunder-storm  it  may  possibly  afford  slight  indications  of  nitric 
acid  and  nitrate  of  ammonia  (p.  336).  Sometimes  rain  and  snow  have 
been  colored  by  extraneous  matters,  mechanically  diffused  through  the 
air;  this  has  occasionally  been  traced  to  minute  lichens,  and  other  cryp- 
togamous  plants,  brought  from  a distance  by  the  winds,  and  diffused  in 
myriads  through  the  atmosphere;  and  sometimes  to  volcanic  dust  com- 
posed of  earthy  and  metallic  matters  in  a state  of  extreme  comminution. 
The  substances  foreign  to  our  atmosphere,  and  held  in  it  in  what  may 
be  termed  a state  of  solution,  are  probably  more  numerous  and  various, 
though  little  understood,  and  from  their  nature,  and  the  minute  quantities 
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in  which  tliey  exist,  very  difficult  of  detection  or  examination.  Yarions 
forms  of  infection^  and  malaria  or  marsh-miasma^  are  instances  of  such 
contaminations,  and  it  is  not  improbable,  from  the  manner  in  which  they 
appear  to  be  decomposed  and  destroyed  by  chlorine,  that  they  consist  of 
some  organic  or  hydrogenated  compounds.  When  solution  of  nitrate  of 
silver  is  exposed  to  air,  or  when  it  is  mixed  with  rain  water  and  subjected  to 
light,  it  becomes  reddish,  and  deposits  a precipitate  in  consequence  of  the 
presence  of  organic  matter : but  this  is  probably  derived  from  the  minute 
particles  of  dust  floating  in  the  air,  and  not  from  any  peculiar  organic 
matter,  as  the  pyrrhiii  of  Zimmerman : odorous  matter,  such  as  the  odor 
of  flowers,  perfumes,  &c.,  may  contribute  to  this  influence.  Dr.  Prout 
{Bridgewater  Treatise,  p.  350,)  has  suggested  the  possibility  of  some 
form  of  selenium  being  occasionally  present  in  the  air,  so  as  to  produce 
catarrhal  epidemics,  and  in  favor  of  the  production  of  diseases  by  some 
such  foreign  matters,  adduces  the  following  observations  which  occurred 
to  him  during  the  presence  of  the  epidemic  cholera.  ‘‘  He  had  for  some 
years  been  occupied  in  investigations  regarding  the  atmosphere,  and  for 
more  than  six  weeks  previous  to  the  appearance  of  cholera  in  London, 
had  almost  every  day  been  engaged  in  endeavoring  to  determine  with 
the  utmost  possible  accuracy  the  weight  of  a given  quantity  of  air,  under 
precisely  the  same  circumstances  of  temperature  and  pressure.  On  a par- 
ticular day,  the  9th  of  February,  1832,  the  weight  of  the  air  suddenly 
appeared  to  rise  above  the  usual  standard.  As  the  rise  was  at  the  time 
supposed  to  be  the  result  of  some  accidental  error,  the  succeeding 
observations  were  made  with  the  most  rigid  scrutiny.  On  the  days  im- 
mediately following,  the  weight  of  the  air  still  continued  above  the 
standard,  and  retained  its  augmented  weight  during  the  whole  time  the 
experiments  were  carried  on,  namely,  about  six  weeks  longer : the  in- 
crease of  weight  was  small,  but  still  decided  and  real.”  Dr.  Prout 
then  goes  on  to  state,  that  on  the  9th  of  February  the  wind,  which 
had  been  previously  west,  veered  round  to  the  east,  and  that  precisely 
on  the  change  of  the  wind,  the  first  cases  of  the  epidemic  cholera  were 
reported  in  London,  and  that  from  that  time  the  disease  continued  to 
spread.  I bring  forward  these  observations  not  only  as  curious  in  them- 
selves, but  as  showing,  at  least  one  cause  of  a possible  discrepancy  in  the 
ditferent  estimates  of  the  specific  gravity  of  atmospheric  air. 

The  extraordinary  fact  of  the  uniform  constitution  of  the  atmosphere 
in  reference  to  the  relative  proportion  of  its  oxygen,  notwithstanding  the 
constant  conversion  of  the  latter  into  carbonic  acid  by  the  processes  of 
respiration  and  combustion,  is  apparently  accounted  for  by  the  restitution 
of  oxygen  derived  from  the  decomposition  of  carbonic  acid  effected  by  the 
functions  of  plants,  the  green  parts  of  which,  under  the  influence  of  light, 
are  constantly  performing  this  salutary  office.  It  appears,  however,  from 
the  observations  of  Saussure,  that  such  is  the  enormous  bulk  of  the  atmo- 
sphere, that  even  if  there  were  no  restorative  or  renovating  agencies  of 
this  kind  going  on,  it  would  be  extremely  difficult  to  discover  any  sen- 
sible differences  in  its  composition  resulting  from  the  above  causes,  which 


* For  the  analysis  of  air  from  a variety  of  confined  situations,  see  F.  Leblanc, 
Ch.  et  F/i,,  v=  223,  3me  Serie. 
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might  be  operatiye  for  many  centuries  without  injurious  effects,  or  at 
least  without  occasioning  such  change  in  the  whole  mass  as  to  be  detected 
by  delicate  analysis.  In  these  speculations  it  must  also  be  remembered 
that  the  different  parts  of  the  atmosphere  are  constantly  kept  in  a uni- 
form state  of  mixture,  by  the  propensity  which  gaseous  bodies  have,  not- 
withstanding material  differences  in  their  specific  gravities,  to  diffuse 
themselves  equably  through  each  other,  and  that  this  equality  of  mixture 
is  further  promoted  by  the  constant  agitation  to  which  the  air  is  subjected 
by  winds,  and  by  the  varied  temperature  of  different  portions  of  the 
earth’s  surface. 

The  combustion  of  substances  in  the  air  under  ordinary  circumstances 
will  be  explained  by  reference  to  the  details  given  in  the  chapters  on  Heat 
and  on  Oxygen.  Some  peculiar  cases  of  combustion,  however,  which 
require  more  extended  notice,  have  been  ingeniously  investigated  by 
H.  Davy.  {Essay  on  Flarne^  and  Phil.  Trans..,  1317*)  In  examining,  for 
instance,  the  effect  of  rarefaction  upon  combustion,  he  found  that  when 
hydrogen  gas  was  inflamed  at  a fine  orifice,  so  as  to  make  a jet  of  flame 
of  about  one-sixth  of  an  inch  in  height,  and  introduced  under  the 
receiver  of  an  air-pump  containing  from  200  to  300  cubical  inches  of 
air,  the  flame  enlarged  as  the  receiver  became  exhausted;  and  when  the 
gauge  indicated  a pressure  between  four  and  five  times  less  than  that  of 
the  atmosphere,  was  at  its  maximum  of  size;  it  then  gradually  dimi- 
nished below,  but  burned  above,  till  the  pressure  was  between  seven  and 
eight  times  less,  when  it  became  extinguished. 

To  ascertain  whether  the  effect  depended  upon  the  deficiency  of 
oxygen,  he  used  a larger  jet  with  the  same  apparatus,  when  the  flame 
burned  longer,  and  this  when  the  atmosphere  was  rarefied  ten  times. 
AVlicn  the  larger  jet  was  used,  the  point  of  the  glass-tube  became  white- 
hot,  and  continued  red-hot  till  the  flame  was  extinguished.  It  therefore 
occurred  to  him,  that  the  heat  communicated  to  the  gas  by  this  tube,  was 
the  cause  that  the  combustion  continued  longer  in  the  last  trials  when 
the  larger  flame  was  used;  and  the  following  experiments  confirmed 
the  conclusion.  A piece  of  wire  of  platinum  was  coiled  round  the  top  of 
the  tube,  so  as  to  reach  into  and  above  the  flame.  The  jet  of  gas  of  one- 
sixth  of  an  inch  in  height  was  lighted,  and  the  exhaustion  made;  the  wire 
of  platinum  soon  became  white-hot  in  the  centre  of  the  flame,  and  a 
small  point  of  wire  near  the  top  fused;  it  continued  white-hot  till  the 
pressure  was  six  times  less;  when  it  was  ten  times  less  it  continued  red- 
hot  at  the  upper  part,  and  as  long  as  it  was  dull  red,  the  gas,  though 
extinguished  below,  continued  to  burn  in  contact  with  the  hot  wire,  and 
the  combustion  did  not  cease  till  the  pressure  was  reduced  thirteen 
times. 

It  appears  from  this  result,  that  the  flame  of  hydrogen  is  extinguished 
in  rarefied  atmospheres,  only  when  the  heat  it  produces  is  insufficient  to 
keep  up  the  combustion,  which  appears  to  be  when  it  is  incapable  of 
communicating  visible  ignition  to  metal,  and  as  this  is  the  temperature 
required  for  the  inflammation  of  hydrogen  at  common  pressures,  it 
appears  that  its  comhustihility  is  neither  diminished  nor  increased  by 
rarefaction  from  the  removal  of  pressure. 

According  to  this  view  with  respect  to  hydrogen,  it  should  follow 
that,  amongst  other  combustible  bodies,  those  which  require  least  heat 
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for  their  combustion  ought  to  burn  in  more  rarefied  air  than  those  that 
require  more  heat;  and  those  that  produce  much  heat  in  their  combustion 
ought  to  burn,  other  circumstances  being  the  same,  in  more  rarefied  air 
than  those  that  produce  little  heat;  and  Sir  Humphry’s  experiments 
confirm  these  conclusions.  Thus,  olefiant  gas,  wliich  approaches  nearly 
to  hydrogen  in  the  heat  produced  by  its  combustion,  and  which  does  not 
require  a much  higher  temperature  for  its  inflammation,  when  its  flame 
was  made  by  a jet  of  gas  from  a bladder  connected  with  a small  tube 
furnished  with  a wire  of  platinum,  under  the  same  circumstances  as 
hydrogen,  ceased  to  burn  when  the  pressure  was  diminished  between  ten 
and  eleven  times;  and  the  flames  of  alcohol  and  of  a wax-taper,  which 
require  a greater  consumption  of  heat  for  the  volatilization  and  decompo- 
sition of  their  combustible  matter,  were  extinguished  when  the  pressure 
was  five  or  six  times  less  without  the  wire  of  platinum,  and  seven  or 
eight  times  less  when  the  wire  was  kept  in  the  flame.  Light  carburetted 
hydrogen  (fire-damp)  which  produces  less  heat  in  combustion  than  any  of 
the  common  combustible  gases,  except  carbonic  oxide,  and  which  requires 
a higher  temperature  for  its  inflammation  than  any  other,  had  its  flame 
extinguished,  even  though  the  tube  was  furnished  with  a wire,  when  the 
pressure  was  below  one-fourth. 

The  flame  of  carbonic  oxide,  which,  though  it  produces  little  heat  in 
combustion,  is  as  inflammable  as  hydrogen,  burned  when  the  wire  was 
used,  the  pressure  being  one-sixth. 

The  flame  of  sulphuretted  hydrogen,  the  heat  of  which  is  in  some 
measure  carried  off  by  the  sulphur  produced  by  its  decomposition  during 
its  combustion  in  rare  air,  when  burned  in  the  same  apparatus  as  the 
olefiant  and  other  gases,  was  extinguished  when  the  pressure  was  one- 
seventh. 

Sulphur,  which  requires  a lower  temperature  for  its  combustion  than 
any  common  inflammable  substance,  except  phosphorus,  burned  with  a 
very  feeble  blue  flame  in  air  rarefied  fifteen  times,  and  at  this  pressure 
the  flame  heated  a wire  of  platinum  to  dull  redness,  nor  was  it  extin- 
guished till  the  pressure  was  reduced  to  one-twentieth*. 

Phosphorus,  as  has  been  shown  by  Van  Marum,  burns  in  an  atmo- 
sphere rarefied  sixty  times;  and  Sir  Humphry  found  that  phosphuretted 
hydrogen  produced  a flash  of  light  when  admitted  into  the  best  vacuum 
that  could  be  made  by  an  excellent  pump  of  Nairn’s  construction. 

The  mixture  of  chlorine  and  hydrogen  inflames  at  a much  lower 
temperature  than  that  of  hydrogen  and  oxygen,  and  produces  a consider- 
able degree  of  heat  in  combustion;  it  was  therefore  probable  that  it 
would  bear  a greater  degree  of  rarefaction,  without  having  its  power  of 
exploding  destroyed;  and  this  was  found  by  many  trials  to  be  the  case, 
contrary  to  the  assertion  of  Grotthus.  Oxygen  and  hydrogen,  in  the  pro- 
portion to  form  water,  will  not  explode  by  the  electrical  spark  when  rare- 
fied eighteen  times;  but  hydrogen  and  chlorine  in  the  proportion  to 


* The  temperature  of  the  atmosphere  di- 
minishes in  a certain  ratio  with  its  height, 
which  must  be  attended  to  in  the  conclusions 
respecting  combustion  in  the  upper  regions 
of  the  atmosphere,  and  the  elevation  must 
be  somewhat  lower  than  in  arithmetical 


progression,  the  pressure  decreasing  in 
geometrical  progression.  There  is,  how- 
ever, every  reason  to  believe  that  the  taper 
would  be  extinguished  at  a height  of  between 
9 and  10  miles,  hydrogen  between  12  and 
13,  and  sulphur  between  15  and  10. 
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form  hydrochloric  acid  gas,  gave  a distinct  flash  of  light  under  the  same 
circumstances,  and  they  combined  with  visible  inflammation  when  the 
spark  was  passed  through  them,  the  exhaustion  being  to  one-twenty -fourth. 

The  experiment  on  the  flame  of  hydrogen  with  the  wire  of  platinum, 
and  which  holds  good  with  the  flames  of  other  gases,  shows,  that  by 
preserving  heat  in  rarefied  air,  or  giving  heat  to  a mixture,  inflammation 
may  he  continued,  when,  under  common  circumstances,  it  would  be 
extinguished.  This  was  found  to  be  the  case  in  other  instances,  when 
the  heat  was  differently  communicated:  thus,  when  camphor  was  burned 
in  a glass  tube,  so  as  to  make  the  upper  part  of  the  tube  red-hot,  the 
inflammation  continued  when  the  rarefaction  was  nine  times,  whereas  it 
would  only  continue  in  air  rarefied  six  times,  when  it  was  burned  in  a 
thick  metallic  tube  which  could  not  be  considerably  heated  by  it.  (Davy 
on  Flame^  p.  56.) 

The  influence  of  the  admixture  of  other  gases  with  atmospheric  air 
upon  its  power  of  supporting  combustion,  is  another  subject  which  has 
been  elucidated  by  Davy’s  experiments.  He  found  that  a wax -taper 
was  instantly  extinguished  in  air  mixed  with  one -tenth  of  silicated  fluoric 
acid  gas,  and  in  air  mixed  with  one-sixth  of  hydrochloric  acid  gas;  but 
the  flame  of  hydrogen  burned  readily  in  those  mixtures ; and  in  mixtures 
in  which  the  flame  of  hydrogen  was  extinguished  the  flame  of  sulphur 
burned. 

The  following  simple  experiment  demonstrates  this  general  principle. 
Into  a long  bottle  with  a narrow  neck  introduce  a lij^hted  taper,  and  let 
it  burn  till  it  is  extinguished;  carefully  stop  the  bottle,  and  introduce 
another  lighted  taper;  it  will  be  extinguished  before  it  reaches  the  bottom 
of  the  neck;  then  introduce  a small  tube  containing  zinc  and  diluted 
sulphuric  acid,  at  the  aperture  of  which  the  hydrogen  is  inflamed; 
the  hydrogen  will  be  found  to  burn  in  whatever  part  of  the  bottle  the 
tube  is  placed;  after  the  hydrogen  is  extinguished,  introduce  lighted 
sulphur;  this  will  burn  for  some  time;  and  after  its  extinction,  phosphorus 
will  be  as  luminous  as  in  the  air,  and,  if  heated  in  the  bottle,  will  produce 
a pale-yellow  flame  of  considerable  density. 

In  cases  when  the  heat  required  for  chemical  union  is  very  small,  as 
in  the  instances  of  hydrogen  and  chlorine,  a mixture  which  prevents 
inflammation  will  not  prevent  combination,  i.  e.,  the  gases  will  combine 
without  any  flash.  Thus,  in  mixing  two  volumes  of  carburetted  hydrogen 
with  one  of  chlorine  and  hydrogen,  hydrochloric  acid  was  formed  through- 
out the  mixture,  and  heat  produced,  as  was  evident  from  the  expansion 
when  the  spark  passed,  and  the  rapid  contraction  afterwards,  but  the  heat 
was  so  quickly  carried  off  by  the  quantity  of  carburetted  hydrogen  that  no 
flash  was  visible. 

Steam,  and  such  vapors  as  require  considerable  heat  for  their  forma- 
tion, have  a less  power  of  preventing  combustion  than  permanent  gases. 
Sir  II.  Davy  found  that  a very  large  quantity  of  steam  was  necessary 
to  prevent  sulphur  from  burning.  Oxygen  and  hydrogen  exploded 
by  the  electric  spark,  when  mixed  with  five  times  their  volume  of 
steam ; and  even  a mixture  of  air  and  carburetted  hydrogen  gas,  the 
least  explosive  of  all  mixtures,  required  a third  of  steam  to  prevent  its 
explosion;  whereas  one-fifth  of  nitrogen  produced  the  effect.  (Davy  on 
Flame,  p.  87-) 
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In  the  course  of  the  above  experiments,  Sir  Humphry  endeavoured 
to  ascertain  what  would  he  the  effect  of  condensation  on  flame  in  atmo- 
spheric air,  and  whether  the  cooling  power  of  the  nitrogen  would  increase 
in  a low^er  ratio,  as  might  be  expected,  than  the  heat  produced  by  the 
increase  of  the  quantity  of  matter  entering  into  combustion.  He  found 
considerable  difficulties  in  making  the  experiments  with  precision;  but 
he  ascertained  that  both  the  light  and  heat  of  the  flames  of  the  taper,  of 
sulphur  and  of  hydrogen,  were  increased  in  air  cpndensed  four  times, 
but  not  more  than  they  would  have  been  by  an  addition  of  one-fifth  of 
oxygen. 

He  condensed  air  nearly  five  times,  and  ignited  iron- wire  to  whiteness 
in  it  by  the  Yoltaic  apparatus,  but  the  combustion  took  place  with  very 
little  more  brightness  than  in  the  common  atmosphere,  and  would  not 
continue  as  in  oxygen;  nor  did  charcoal  burn  much  more  brightly  in  this 
compressed  air  than  in  common  air.  These  experiments  show  that  (for 
certain  limits  at  least),  as  rarefaction  does  not  diminish  considerably  the 
heat  of  flame  in  atmospheric  air,  so  neither  does  condensation  consider- 
ably increase  it ; a circumstance  of  great  importance  in  the  constitution 
of  our  atmosphere,  which  at  all  the  heights  or  depths  at  which  man  can 
exist  still  preserves  the  same  relation  to  combustion. 


§ VHI.  SULPHUR.  S.  16. 

Sulphur,  or  brimstone^  is  a brittle  substance,  of  a pale-yellow  color, 
somewhat  translucent,  insipid,  and  inodorous,  but  exhaling  a peculiar 
odor  when  heated.  The  ancients  used  it  in  medicine,  and  its  fumes  were 
employed  in  bleaching  wool.  (Pliny,  lib.  xxxv.  cap.  57.)  Its  specific 
gravity  is  1*970,  to  2*080.  Its  specific  heat,  as  determined  by  Dulong 
and  Petit,  0*1880.  According  to  Regnault,  the  specific  heat  of  crystal- 
lized native  sulphur  is  0*1776,  and  of  sulphur  recently  fused,  0*1844.  It 
becomes  negatively  electrical  by  heat  and  by  friction,  and  is  a non-con- 
ductor of  electricity*. 

Sulphur  is  chiefly  a mineral  product,  and  occurs  crystallized,  its 
primitive  form  being  an  acute  octohedron  with  a rhombic  base.  In  this 
state  its  sp.  gr.  is  2*045,  and  the  crystals  are  in  a high  degree  doubly 
refractive.  According  to  Mitscherlich,  it  has,  when  artificially  crystal- 
lized, as  when  suffered  gradually  to  cool  after  having  been  fused,  a 
different  primitive  form,  namely,  an  oblique  rhombic  prism.  From  its 
solutions  in  alcohol,  ether,  sulphuret  of  carbon,  and  chloride  of  sulphur, 
it  is  generally  deposited  in  the  octohedral  form.  Crystals  of  native  sulphur 
which  have  been  formed  by  the  condensation  of  sulphur  vapor,  as  w^ell 
as  those  which  are  deposited  from  a solution  of  sulphur  in  any  men- 


* Sulphur,  in  its  ordinary  state,  always 
contains  traces  of  hydrogen,  which  it  gives 
off  during  the  action  of  various  bodies  for 
which  it  has  a powerful  attraction.  Thus, 
if  equal  weights  of  sulphur  and  copper,  or 
iron -filings,  be  introduced  into  a retort, 
and  heated,  a portion  of  sulphuretted  hy- 
drogen is  evolved  at  the  period  of  their 
combination.  When  potassium  and  sulphur 


are  heated  together,  a vivid  combustion 
ensues,  and  a little  sulphuretted  hydrogen 
is  evolved.  Berzelius,  by  heating  sulphur 
with  oxide  of  lead,  remarked  the  formation 
of  water,  but  in  such  small  and  indefinite 
quantities,  as  induced  him  to  adopt  the 
generally  received  opinion,  that  the  pre- 
sence of  hydrogen  is  accidental,  and  that  it 
is  not  an  element  of  sulphur. 
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struum,  possess  forms  wliicli  are  eitlier  identical,  or  connected  by  l)eing 
referable  to  the  same  crystalline  axes.  Such,  on  the  contrary,  as  are 
produced  by  the  cooling  of  fused  sulphur,  belong  to  a different  system  of 
crystallization.  The  condition  determining  the  form  is  temperature  : if 
the  crystal  be  formed  below  232°  it  belongs  to  the  right  prismatic 
system  ; if  at  that  point,  to  the  oblique  prismatic.  This  is  proved  by  the 
influence  of  temperature  on  a crystal  of  either  system ; a crystal  of 
fusion,  when  first  formed,  is  perfectly  clear  and  transparent,  but  kept  at 
common  temperatures  it  soon  becomes  opaque,  and  presents  the  appear- 
ance of  the  roll-sulphur  of  commerce : the  same  change  occurs  when  a 
native  ciystal  is  placed  in  a solution  of  salt  which  boils  at  232°.  The 
opacity  is  in  both  cases  produced  by  a new  arrangement  of  the  particles 
of  sulphur,  by  which,  without  any  change  in  the  exterior  form,  the 
internal  structure  of  the  crystal  is  altered  to  correspond  to  the  crystal- 
lization peculiar  to  the  temperature.  Sulphur,  therefore,  is  dimorphous. 

Natwe  sniphu?'  is  principally  brought  to  this  country  from  Sicily, 
where  it  occurs  in  beds,  in  a blue  clay  formation,  occupying  the  central 
half  of  the  south  coast  of  the  island,  and  extending  inwnrds  as  far  as  the 
district  of  Etna.  This  blue  clay  formation  is  considered  by  Dr.  Daubeny 
of  the  same  age  wdth  the  gypsum  bed  of  Paris,  and  therefore  more  recent 
than  chalk.  It  contains  beds  of  gypsum  and  of  salt,  and  the  sulphur  is 
in  some  places  associated  with  splendid  crystals  of  sulphate  of  strontia. 
The  supply  of  sulphur  derived  almost  exclusively  from  Sicily  is  enormous: 
the  average  annual  importation  into  England  is  between  16  and  17 
thousand  tons,  at  from  61.  to  10/.  per  ton.  It  undergoes  a rough  purifi- 
cation by  fusion,  and  is  brought  into  the  market  in  square  or  oblong 
masses  or  blocks.  At  Bex,  in  Switzerland,  sulphur  occurs  in  the  gypsum 
of  the  salt  deposit ; and  it  is  found  in  the  same  rock  in  many  other  parts 
of  Europe,  generally  in  beds  or  masses ; in  Suabia,  and  near  Schemnitz 
in  Hungary,  it  is  found  in  veins  traversing  granite  and  mica  slate ; and 
in  the  same  rocks  in  Quito  in  Peru : near  Gibraltar,  it  occurs  in  fetid 
limestone.  Sulphur  is  also  common  in  the  fissures  of  lava  near  volcanic 
craters:  there  is  a great  deposit  of  this  species  of  sulphur  in  the  plain  of 
the  Solfatara  near  Naples.  Sulphur  is  found  abundantly  combined  with 
certain  metals;  the  common  ores  of  lead  and  copper  are  their  sulp/mrefs; 
sulphuret  of  iron,  or  pyrites.,  is  also  a very  common  mineral. 

Sulphur  is  insoluble  in  wnter,  and  suffers  no  change  by  exposure  to 
air.  When  heated  to  about  180°,  it  volatilizes,  and  its  peculiar  odor  is 
strong  and  disagreeable ; at  about  220°  it  begins  to  fuse,  and  between 
230°  and  270°,  it  is  perfectly  liquid,  and  of  a bright  brownish  yellow 
color;  between  300°  and  500°  it  becomes  viscid,  and  of  a brown  color, 
but  regains  its  fluidity  wdien  cooled  ; at  higher  temperatures  (out  of  the 
contact  of  air)  it  again  becomes  more  licjuid,  and  at  about  600°  it  boils, 
and  sublimes  in  the  form  of  an  orange-colored  vapor,  and  may  be  con- 
densed either  in  a solid  or  pulverulent  state,  according  to  the  rapidity  of 
the  process  and  the  size  of  the  condensing  vessels.  The  residue  is  the 
sulphur  viimm  of  old  pharmacy.  When  sulphur,  which  has  been  heated 
to  about  300°,  is  poured  into  wnrm  water,  it  acquires  the  consistency  of 
soft  wax,  and  hardens  on  cooling.  In  this  state  it  is  sometimes  used  to 
take  impressions  of  gems  and  medals ; it  is  of  a reddish  color,  and  of  the 
specific  gravity  2*3.  When  sloAvly  cooled  after  fusion,  sulphur  forms  a 
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fibrous  crystalline  mass;  but  it  sometimes  retains  its  fluidity,  and  does 
not  concrete  till  touched  by  some  solid  body.  This  state  appears  some- 
what analogous  to  that  of  water  cooled  in  a quiescent  state  below  its 
freezing-point.  (Faraday.  Quarterly  Journal^  xxi.  392.)  The  follow- 
ing table  shows  the  results  of  Dumas’s  experiments  on  the  influence  of 
temperature  upon  the  color  and  properties  of  sulphur  : — 


Temperature. 

Sulphur  suddenly  eooled  by 

Fahr. 

Cent. 

Hot  Sulphur. 

immersion  in  water. 

230°  

110°  

Very  liquid  : yellow 

Very  friable  : usual  color 

284  

140  

Liquid  : deep  yellow 

Do.  do. 

338  

170  

Thick  : orange  yellow 

Friable : do. 

r At  first  soft  and  transparent, 

374  

190  

Thicker  : orange 

s then  friable  and  opaque  : 

( usual  colour 

428  

220  

Viscid  : reddish 

Soft : transparent : amber  color 

464  to  500 

240  to  260 
Boiling-pt. 

Very  viscid:  brown-red  Very  soft : transparent : reddish 
Less  viscid : brown-red  Do.  do.  brown-red. 

In  order  that  sulphur  may  retain  its  soft  or  viscid  state  it  is  not 
necessary,  as  sometimes  directed,  to  keep  it  long  in  a fused  state,  but 
merely  to  take  care  that  it  has  been  raised  to  a due  temperature  and  then 
suddenly  cooled  by  dropping  it  into  cold  water;  if  poured  into  the  water 
in  mass,  the  interior  cools  slowly  and  reverts  to  its  brittle  state : here, 
therefore,  the  effect  of  what  may  be  called  tempering  is  the  reverse  of 
that  produced  upon  steel,  and  somewhat  corresponds  with  the  pheno- 
mena presented  by  bronze. 

Sulphur  is  commonly  met  with  in  three  forms;  namely,  1.  Massive 
or  native  sulphur,  already  mentioned.  2.  Stick  or  j'oU  sulphur,  which  is 
chiefly  obtained  from  sulphuret  of  copper  in  this  country,  and  elsewhere 
abundantly  from  sulphuret  of  iron,  or  common  pyrites ; these  ores  are 
roasted,  and  the  fumes  received  into  a long  chamber  of  brickwork,  where 
the  sulphur  is  gradually  deposited;  it  is  then  purified  by  fusion,  and  cast 
into  sticks.  In  this  state,  if  grasped  by  the  warm  hand,  it  splits  with  a 
crackling  noise.  3.  Sublimed  sulphur,  or  Jlowers  of  sulphur^  which  is  in 
a pulverulent  form,  and  procured  by  condensing  the  vapor  of  sulphur 
rapidly  in  capacious  receivers ; it  is  of  a peculiar  pale  yellow  color,  and 
when  examined  by  a microscope  appears  composed  of  minute  opaque 
flattened  spheres  not  having  a crystalline  fracture  (Fritzsche);  it  is 
always  somewhat  sour,  and  therefore  for  certain  pharmaceutical  purposes 
is  directed  to  be  washed  wdth  hot  water. 

The  sulphur  of  commerce  occurs  in  three  prevailing  colors,  namely, 
lemon  yellow  verging  on  green,  dark  yellow,  and  brown  yellow ; these 
shades  result,  partly  at  least,  as  the  above  table  shoAvs,  from  the  different 
degrees  of  heat  to  which  it  has  been  exposed  during  its  fusion  or  extrac- 
tion on  the  great  scale,  the  palest  variety  having  been  the  least  heated. 
The  different  modes  of  purifying  sulphur  are  described  by  Dr.  Ure  in  the 
first  volume  of  the  Royal  Inst.  Journal.  (For  a detailed  account  of  the 
methods  of  obtaining  and  purifying  sulphur,  see  also  Dumas  : Cliimie 
appliquee  aux  Arts.) 

For  some  pharmaceutical  purposes  sulphur  is  precipitated  from  its 
alkaline  solutions  by  an  acid,  and,  Avhen  washed  and  dried,  is  in  the 
form  of  a yellowish -grey  impalpable  powder;  this  is  the  milk  of  sulphur 
and  precipitated  sulphur  of  the  Pharmacopoeia.  Thomson  considers  it 
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as  a compound  of  sulphur  and  water.  {System  of  Chemistry^  vol.  i.  p. 
285;)  but  when  dried,  it  gives  out  no  water,  hut  fuses  into  common 
sulphur,  always,  however,  evolving  a little  hydrogen. 

The  purity  of  sulphur  may  be  judged  of  by  heating  it  gradually  upon 
a piece  of  platinum  leaf ; if  free  from  earthy  impurities,  it  should  totally 
evaporate.  It  should  also  be  perfectly  soluble  in  boiling  oil  of  turpentine. 
According  to  Ure,  sulphur  is  soluble  in  ten  times  its  weight  of  boiling  oil 
of  turpentine  at  316°,  forming  a solution  which  remains  clear  at  180°. 
As  it  cools  to  the  atmospheric  temperature,  crystalline  needles  form, 
which  may  be  washed  with  cold  alcohol  or  tepid  water.  The  usual  im- 
purities of  sulphur  are  carbonate  and  sulphate  of  zinc,  oxide  and  sul- 
phuret  of  iron,  sulphuret  of  arsenic,  and  silica,  and  remain  unaffected  by 
the  volatile  oil. 

Sulphur  dissolves  with  some  difficulty,  and  in  very  small  proportions, 
in  alcohol;  to  effect  this  solution  both  substances  should  be  brought 
together  in  the  state  of  vapor.  It  is  more  soluble  in  sulphuric  ether. 

It  appears  from  the  statements  of  Dumas  and  of  Mitscherlich  that  the 
density  of  sulphur  vapor  is  6’65  {Arm.  Ch.  et  Ph.^  l.  170,  and  lv.  5),  so 
that  supposing  it  to  exist  in  the  state  of  vapor  at  mean  temperature  and 
pressure,  100  cubic  inches  would  weigh  206*32  grains,  and  its  specific 
gravity  to  hydrogen  would  be  as  96  to  1. 

"When  heated  in  the  atmosphere  to  about  500°  (Dalton)  560° 
(Thomson,)  sulphur  inflames  and  burns  with  a peculiar  blue  light ; at 
a higher  temperature  its  vapor  kindles  with  a purple  flame;  and  in 
oxygen  it  burns  vividly,  with  a large  lilac-colored  flame.  The  compara- 
tively low  temperature  at  which  sulphur  first  kindles  is  an  important 
circumstance  in  many  of  its  applications,  as  for  matches,  gunpowder,  &c. 
It  may  be  well  illustrated  by  propelling  powdered  sulphur  into  the  hot 
air  issuing  from  an  argand  lamp-glass ; it  takes  fire  at  a great  height 
above  the  flame. 


Sulphur  and  Oxygen.  Four  definite  compounds  of  sulphur  and 
oxygen,  all  of  which  rank  among  the  acids,  have  long  been  known  : 
namely,  1.  Sulphurous  acid;  2.  Sulphuric  acid;  3.  Hyposulphurous 
acid ; 4.  Hyposulphuric  acid.  The  existence  of  a fifth  acid  of  sulphur 
has  been  indicated  by  Langlois  {Ann.  Ch.  et  Vh..^  3 Ser.  iv.  77,)  which  he 
proposes  to  call  snlphyposulphuric  acid;  and  Fordos  and  Gelis  have 
announced  a sixth,  which  they  term  hisulphuretted  hyposulphuric  acid. 
There  are,  therefore,  six  oxyacids  of  sulphur,  namely : 


Sulphurous  acid  SO2 

Sulphuric  acid SO3 

Hyposulphurous  acid  S2O2 


Hyposulphuric  acid S2O5 

Sulphuretted  hyposulphuric  acid  S3O5 
Hisulphuretted  hyposulphuric  acid  S4O5 


Berzelius  arranges  these  acids  under  four  heads,  as  including  respec- 
tively, 1,  2,  3,  and  4 atoms  of  sulphur;  he  terms  them  monothionic., 
dithionic.,  iriihionic.^  and  ietrathionic  acids. 

Sulphurous  Acid.  SO2.  This  acid  was  first  examined  by  Stabl, 
who  called  it  phlogisiicated  sulphuric  acid.  Scheele,  in  1774,  pointed 
out  a method  of  obtaining  it;  and  about  the  same  time,  Priestley  pro- 
cured it  in  the  gaseous  form,  and  ascertained  its  leading  properties. 
Berthollet  examined  it  in  1782,  and  1789  {Mem.  Paris,  1782,  and  Ann. 
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de  Chim,^  ii.  54);  and  in  1797  Fourcroy  and  Vauquelin  published  a 
detailed  series  of  experiments  upon  it.  {Ann,  de  Ch,.,  xxiv.  229.)  Some 
experiments  on  it  were  also  published  by  Dr.  Thomson  in  1803.  (Nichol- 
son’s Journal,,  vi.  93.)  Its  atomic  composition  was  first  accurately  inves- 
tigated by  Davy,  by  Gay  Lussac,  and  by  Berzelius. 

At  common  temperatures  and  pressures  sulphurous  acid  is  a gaseous 
body,  which  may  be  obtained  by  several  processes.  It  may  be  procured 
directly,  by  burning  sulphur  in  oxygen  gas;  or  indirectly,  by  boiling  two 
parts  of  copper  filings  or  of  mercury  in  three  of  sulphuric  acid;  (Cu-1-2 
[S03,H0]  rrCu0,S03,  2 HO  -b  SO2) ; or  by  heating  in  a retort,  a mixture 
of  five  parts  of  black  oxide  of  manganese  and  one  of  sulphur.  It  must 
be  collected  and  preserved  over  mercury ; for  water  takes  up  rather  more 
than  thirty  times  its  bulk  of  this  gas.  For  all  the  common  purposes  of 
experiment  it  may  be  collected  by  displacement  in  dry  stopper- bottles,  as 
directed  at  page  269.  It  is  often  generated  by  the  action  of  charcoal, 
wood,  and  various  organic  matters  upon  sulphuric  acid,  but  in  those 
cases  it  is  mixed  with  carbonic  acid. 

The  specific  gravity  of  sulphurous  acid  gas  is  2*2186,  (2’2105, 
Turner;  2*222,  Thomson:)  and  100  cubical  inches  weigh  68*776 
grains.  (At  60°  and  30  inches  Bar.,  68*691  grains.  Turner.)  At  32°, 
72*8660  grains.  (Thomson.)  Its  specific  gravity  compared  with  hydrogen 
is  as  32  to  1. 

Sulphurous  acid  is  one  of  the  most  easily  condensible  of  the  gases. 
Monge  and  Clouet  found,  that  at  the  freezing-point,  and  under  pressure, 
it  assumed  a liquid  form;  the  experiments  of  Faraday  place  the  pressure 
required  for  this  purpose  at  two  atmospheres.  Bussy  {Ann,  of  Phil.,, 
viii.  307,  N.S.)  has  shown  that  this  acid  may  be  obtained  in  the  liquid 
form  at  common  atmospheric  pressure,  by  passing  it  through  tubes  sur- 
rounded by  a freezing  mixture  of  salt  and  snow.  (Faraday’s  Ma7iipula- 
iio7i^  p.  215.)  In  this  state  it  is  a limpid  liquid  of  the  sp.  gr.  of  1*45. 
It  boils  at  14°,  and  evaporates  with  such  rapidity  at  common  tempera- 
tures as  to  generate  a great  degree  of  cold,  so  that  by  its  aid  mercury  may 
be  frozen,  and  chlorine,  ammonia,  and  cyanogen  liquified.  It  conducts 
electricity  (Kemp)  (not  when  perfectly  dry,  Delarive.)  When  exposed, 
in  a humid  state,  to  cold,  a crystalline  solid  is  formed,  containing  about 
20  per  cent,  of  water  (perhaps  1 equivalent  of  acid  -f- 1 of  water.)  A 
similar  compound  is  often  observed  to  invest  the  bubbles  of  gas  produced 
by  pouring  the  liquid  acid  into  water. 

When  liquid  sulphurous  acid  is  allowed  to  evaporate  in  vacuo,  the 
cold  produced  is  so  intense  that  it  congeals ; it  may  also  be  frozen  by  the 
aid  of  a mixture  of  solid  carbonic  acid  and  ether : it  then  forms  a white 
mass,  denser  than  the  liquid  acid.  A table  of  the  tension  of  its  vapor 
from  0°  to  110°  is  given  by  Faraday.  {Phil.  Tra7is.,,  1815,  164.) 

When  sulphur  is  burned  in  pure  and  perfectly  dry  oxygen,  sulphurous 
acid  is  produced,  without  any  change  in  the  volume  of  the  gas,  so  that 
its  composition  is  learned  by  the  increase  of  weight;  and  as  100  cubic 
inches  of  oxygen  dissolve  between  34  and  35  grains  of  sulphur,  it  is 
obvious  that  sulphurous  acid  is  composed  of  equal  weights  of  sulphur  and 
oxygen.  According  to  Mitscherlich’s  estimate  of  the  specific  gravity  of 
sulphur  vapor,  sulphurous  acid  consists  of  100  volumes  of  oxygen  gas, 
and  16  of  the  vapor  of  sulphur,  condensed  into  100  volumes:  or  one  volume 
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Sulphurous  acid  gas  has  a suffocating  odor;  it  is  fatal  to  animal  life, 
and  extinguishes  most  combustibles  when  immersed  into  it  in  an  inflamed 
state:  hence  it  is  sometimes  resorted  to  for  extinguishing  burning  soot  in 
a chimney,  as  by  throwing  a handful  of  sulphur  into  the  fire:  it  vividly 
maintains  the  combustion  of  potassium  and  sodium.  At  mean  tem- 
2ierature  and  jiressure,  recently-boiled  water  takes  uj)  about  33  volumes 
(37,  Graham)  of  sulidmrous  acid  gos.  This  solution,  (^aqueous  sulphur^ 
ous  acid)^  is  often  required  in  the  laboratory,  and  may  be  economically 
procured  by  filling  a Florence  flask  about  three-fourths  with  coarsely- 
bruised  chai-coal  drenched  in  sulj)liuric  acid,  and  applying  the  heat  of  a 
lamp  ; the  gases  evolved,  which  .‘ire  sulphurous  and  carbonic  acid,  may 
be  conducted  by  a bent  tube  into  a bottle  of  water,  when  the  car- 
bonic acid  escape.s,  but  the  water  becomes  a saturated  solution  of  sulp»hu- 
rous  acid:  it  has  a sulphurous  and  somewdiat  astringent  taste,  audit 
bleaches  many  vegetable  colors;  but,  by  keeping,  it  acquires  a sour 
flavor,  and  reddens  the  generality  of  vegetable  blues.  Upon  some 
coloring  matters,  as  that  of  cochineal,  it  has  little  action ; and  when  it 
does  destroy  color,  the  original  tint  may  often  be  restored  by  a stronger 
acid.  A red  rose,  for  instance,  or  the  infusion  of  red  rose  leaves,  is 
bleaclied  by  solution  of  sulphurous  acid ; but  the  color  is  restored  by 
dilute  sulphuric  acid.  According  to  Grotthus,  the  sulpliurous  acid  and 
certain  coloring  matters  combine  into  colorless  comjiounds,  which  are  de- 
composed by  more  powerful  acids.  A singular  bleaching  effect  is  pro- 
duced upon  some  flowers  by  burning  a little  sulphur,  so  that  the  fumes  of 
the  sulphurous  acid  may  come  into  contact  with  their  petals:  the  dark- 
colored  dahlias,  and  lieart’s-ease,  may  thus  be  amusingly  variegated. 
Obtained  by  burning  sulphur,  this  acid  is  much  used  in  bleaching  cotton 
goods  (Quarlerlp  Juicrti.  of  Science^  iv.  196),  also  for  whitening  silk  and 
wool,  and  altering  the  color  of  hops. 

When  the  aqueous  solution  of  suljdiurous  acid  is  boiled,  a great 
part  of  the  gas  escapes,  but  not  when  it  is  frozen.  Its  specific  gravity 
at  60°,  wdien  it  contains  33  volumes  of  the  gas,  is  FOo  (Thomson). 
Alcohol  dissolves  sulphurous  acid  more  copiously  than  waater;  one  volume 
taking  up  more  than  100  of  the  gas. 

Anhydrous  sulphurous  acid,  in  its  liquified  state  (that  is,  the  condensed, 
grov,)  is  not  an  electrolyte,  but  when  dissolved  in  waiter  the  solution  yields 
oxygen  at  the  anode,  and  hydrogen  and  sulphur  at  the  cathode.  A solu- 
tion containing  sul2)huric  .acid  in  addition,  is  a better  conductor:  it  gives 
very  little  gas  at  either  electrode:  that  at  the  anode  is  oxygen,  that  at  the 
‘VoL.  I.  ^ 2C 
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cathode  pure  hydrogen,  and  from  the  cathode  arises  a white  turhid  stream 
consisting  of  diffused  sulphur.  “ I conclude  that  the  sulphurous  acid  was 
not  affected  by  the  electric  current,  and  that  the  water  only  was  elec- 
trically decomposed : that  at  the  anode  the  oxygen  from  the  water 
converted  the  sulphurous  into  sulphuric  acid;  and  at  the  cathode,  the 
hydrogen,  electrically  evolved,  decomposed  the  sulphurous  acid,  com- 
bining with  its  oxygen,  and  setting  the  sulphur  free : that  the  sulphur  at 
the  negative  electrode  was  only  a secondary  result.”  (Faraday,  Phil. 
Trans. ^ 1834,  p.  97*) 

Sulphurous  acid  gas  suflPers  no  change  at  a red-heat;  but  if  mixed 
wdth  hydrogen,  and  passed  through  a red-hot  tube,  water  is  formed  and 
sulphur  deposited ; under  the  same  circumstances,  it  is  also  decomposed 
by  charcoal,  by  potassium,  and  sodium,  and  j)robably  by  several  other 
metals.  It  undergoes  no  change  when  mixed  with  oxygen,  unless 
humidity  or  water  be  present,  in  'which  case  a portion  of  sulphuric 
acid  is  slowly  formed.  When  mixed  with  chlorine,  and  in  contact 
with  water,  sulphurous  acid  gives  rise  to  sulphuric  and  hydrochloric 
acid,  but  the  perfectly  dry  gases  have  no  mutual  action,  except  under  the 
influence  of  bright  summer  sunshine,  when  a mixture  of  equal  volumes 
of  chlorine  and  sulphurous  acid  yield  a fluid  of  the  specific  gravity  1*659 
at  68°,  which  boils  at  170°,  the  specific  gravity  of  the  vapor  being  4*67. 
Its  formula  is  S02,C1.  It  may  he  compared  to  sulphuric  acid,  of  which 
1 atom  of  oxygen  is  replaced  by  1 of  chlorine.  With  water  it  evolves 
heat  and  yields  hydrochloric  and  sulphuric  acids:  SO2CI  + HO— ; S03 -b 
HCl.  (Regnault,  Ann.  Ch.  cl  Ph.^  Lxix.  and  Lxxi.)  Iodine  and  bromine 
are  without  action  on  sulphurous  acid  unless  water  be  present,  when  sul- 
phuric acid,  and  hydriodic  and  hydrobromic  acids  are  formed.  The 
chloric,  bromic,  and  iodic  acids  are  decomposed  by  sulphurous  acid,  with 
the  evolution  of  chlorine,  bromine,  and  iodine,  and  the  formation  of 
sulphuric  acid.  When  gaseous  sulphurous  acid  is  mixed  with  hydrochlo- 
ric, hydriodic,  or  hydrobromic  acid 'gases,  they  mutually  decompose  each 
other;  water,  and  chloride,  iodide  and  bromide  of  sulphur,  are  formed; 
but  when  these  acids  are  in  aqueous  solution  they  then  do  not  decom- 
pose each  other.  In  the  presence  of  certain  bases,  sulphurous  acid  and 
nitric  oxide  combine  to  form  crystalline  compounds.  Peroxide  of  lead, 
or  of  manganese,  added  to  the  aqueous  solution  of  sulphurous  acid,  con- 
vert it  into  sulphuric  acid,  and  destroy  its  odor.  (On  the  use  of  sul- 
phurous acid  and  sulphites  in  analysis,  see  Wackenroder,  Chem.  Gaz..^ 
Jan.  1843;  Berthier,  ibid..,  April,  1843;  and  Ann.  Ch.  et  Ph.,  Jan. 
1843.) 

Vapor  baths,  in  which  sulphurous  acid  with  or  without  steam  is 
applied  to  the  surface  of  the  body,  have  been  resorted  to  in  the  treatment 
of  certain  cutaneous  complaints,  and  in  rheumatic  and  other  painful 
affections.  The  arrangements  for  this  purpose  employed  in  Paris  are 
described  and  depicted  by  Dumas,  {Chimie  app.  aux  Arts;  see  also 
Pereira,  Plements  of  Materia  Medica.) 

The  greater  number  of  the  sulphites  'when  exposed  in  a moist  state  to 
the  air,  pass,  by  absorption  of  oxygen,  into  sulphates;  chlorine,  nitric  acid, 
and  several  other  oxidizing  agents,  produce  the  same  change : they  dis- 
color the  solution  of  manganate  of  potassa,  and  reduce  the  persalts  of  iron 
to  the  state  of  protosalts;  added  to  nitrate  of  silver  they  form  at  first  a 
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white  precipitate  of  sulj)lute  of  silver,  which  when  boiled  is  partly  re- 
solved into  metallic  silver:  they  also  reduce  the  acid  solution  of  chloride 
of  gold. 

Sulphurous  Acid  and  Ammonia.  Sulphite  op  Ammonia.  NH3,S02, 
IIO.  ^Vhen  sulphurous  acid  gas  is  passed  into  aqueous  solution  of  ammo- 
nia, a sulphite  of  ammonia  is  formed,  which  maybe  obtained  in  six-sided 
prismatic  ciystals  of  a pungent  sulphurous  taste ; exposed  to  air  they 
absorb  ox^^gen,  and  pass  into  sulphate  of  ammonia : heated  out  of  contact 
of  air  they  yield  water,  ammonia,  and  a sublimate  of  acid  sulphite.  Sul- 
phite of  ammonia  is  very  soluble  in  water,  and  produces  cold  during  its 
solution. 

SuLPiMiDE,  The  mutual  action  of  dry  sulphurous  acid  and  ammonia 
has  been  studied  by  Rose:  when  these  gases,  deprived  of  humidity,  are 
combined,  they  produce  deep  yellow  crystals,  which  contain  the  elements 
of  1 atom  of  ammonia  and  1 atom  of  sulphurous  acid:  when  there  is 
great  excess  of  sulphurous  acid  gas  present,  a compound  in  which  equal 
volumes  are  condensed,  and  which  therefore  corresponds  to  a bisulphite 
of  ammonia,  is  obtained;  but  no  basic  compound  can  be  obtained  by  the 
employment  of  any  excess  of  ammonia.  The  neutral  compound  has  been 
chiefly  examined  by  Rose;  it  is  termed  by  Dumas,  Sulfimide.  {Cliim.  app. 
aux  Aris,  v.  709.)  Exposed  to  the  air,  it  becomes  white,  deliquesces, 
and  gradually  passes  into  sulphate  and  hyposulphite  of  ammonia;  and 
although  to  some  tests  it  presents  the  characters  of  a sulphite  of  ammonia, 
with  others,  and  especially  with  nitrate  of  silver,  it  acts  as  a hyposulphite. 
Dumas  considers  it  as  a hydrated  amide,  having  the  formula  ]SIH2,SO,HO : 
these  elements  are  equivalent  to  those  of  an  anhydrous  sulphite  of  ammo- 
nia, and  would  indicate  the  condensation  of  2 volumes  of  ammonia  and 
1 of  sulphurous  acid  gas  = IS!H3,S02. 

Sulphuric  Acid.  S03.  Oil  of  Vitriol.  Protohydrate  op  Sul- 
phuric Acid.  Sulphate  of  Water.  H0,S03,  or  H,S04.  This  important 
acid  was  formerly  obtained  by  the  distillation  of  sulphate  of  iron,  or  green 
mlriol^  and  was,  therefore,  termed  oil  of  vitriol.  It  is  now  almost  ex- 
clusively procured  in  this  country  by  the  combustion  of  a mixture  of  about 
eight  parts  of  sulphur  and  one  of  nitre.  (The  quantity  of  nitre  or  of  nitrate 
of  soda  used,  varies  from  one  eighth  to  one  twentieth  of  the  sulphur. 
Nitrous  acid  derived  from  other  sources,  as  from  the  action  of  nitric  acid 
on  organic  matters,  such  as  starch  or  sugar,  in  the  manufacture  of  oxalic 
acid,  or  upon  metals,  is  sometimes  resorted  to.)  The  process  of  its  manu- 
facture is  generally  conducted  nearly  as  follows : the  mixture  of  sulphur 
and  nitre  is  burned  in  a furnace,  so  placed  that  the  resulting  fumes  may 
pass  into  a capacious  leaden  chamber  (frequently  J 00  feet  long,  20  to  30 
feet  wide,  and  10  to  16  feet  high),  the  floor  of  which  is  covered  with 
water,  and  into  which  steam  is  also  generally  introduced : in  many  works 
several  of  these  chambers,  or  ho2ises^  as  they  are  termed,  are  ranged  side 
by  side  in  covered  buildings.  The  following  cut  will  serve  to  give  some 
idea  of  the  internal  construction  of  one  of  these  houses : a is  the  furnace 
for  the  combustion  of  the  sulphur  and  nitre,  the  fumes  from  which  pass 
into  the  chamber  and  meet  with  the  steam  generated  in  the  boiler  b ; 
the  interior  of  the  chamber  is  divided  into  several  partitions,  c c,  by  the 
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diapliragms  d d,  'wliicli  are  alternately  open  at  top  aiul  bottom,  so  that  the 
vapors  pass  in  the  direction  of  the  darts,  and  are  exposed  to  a large 


condensing  surface,  e is  a chimney  or  ventilator.  The  water  which  col- 
lects in  the  bottom  of  this  chamber  gradually  becomes  more  and  more 
sour,  and  is,  in  fact,  a diluted  sulphuric  acid;  when  it  has  thus  acquired 
a certain  specific  gravity,  1*2  to  1'3,  it  is  drawn  off  into  shallow  leaden 
boilers,  where  it  is  evaporated  till  it  acquires  the  specific  gravity  of  1*70, 
at  which  density  the  acid  would  begin  to  act  upon  the  lead,  and  the 
heat  required  for  its  further  evaporation  would  endanger  the  softening 
of  that  metal ; in  this  degree  of  concentration,  therefore,  the  acid  is  run 
off  into  boilers,  or  rather  into  stills  of  platinum,  which  are  set  upon 
cast-iron,  and  in  which  the  further  boiling  down  of  the  acid  is  continued 
until  it  attaijis  the  specific  gravity  of  1*84:  it  is  then  drawn  ofP  by  a 
syphon  Into  a plafinnm  cistern  or  cooler,  and  is  thence  transferred  iiito 
carhoijfi,  or  large  bottles  protected  by  basket-work,  each  holding  about 
100  pounds  of  the  acid.  Before' the  introduction  of  platinum  vessels,  the 
evaporation  was  finished  in  glass  retorts,  the  lifting  and  emptying  of 
which,  when  containing  many  pounds  of  the  acid,  was  a very  hazardous 
operation;  the  price  of  the  acid  fell,  in  consequence,  from  fourpence  to 
about  three-halfpence,  or  less,  per  pound,  and  at  present  the  market 
price  is  a penny,  or  a fraction  more  than  a penny,  per  pound.  The  manu- 
facture of  sulphuric  acid  is  carried  on  upon  a most  extensive  scale  in  Great 
Britain;  the  quantity  annually  produced  probably  not  falling  far  short 
of  sixty  thousand  tons,  or  about  one  hundred  million  of  pounds,  which, 
at  the  estimated  value  of  ten  shillings  per  cwt.,  amounts  to  above 
600,000/.  Though  it  is  commonly  called  sidphiiric  acid  (or  oil  of  vitriol), 
it  is  in  fact  a definite  combination  of  anhydrous  sulphuric  acid  and  water, 
composed  of  1 atom  of  anhydrous  acid  + 1 atom  water. 

In  the  above  process,  the  theory  of  wdiich  will  be  presently  explained, 
the  sulphurous  acid  is  converted  into  sulphuric  acid  by  the  agency  of 
nitric  oxide  and  water.  Other  methods  of  forming  sulphuric  acid  have 
been  suggested,  but  not  hitherto  applied  on  a large  scale;  among  them 
the  following  deserves  particular  notice : “ AYhen  a mixture  of  sulphurous 
acid  and  air  is  made  to  pass  over  spongy  platinum  at  a high  temperature, 
the  sulphurous  acid  is  converted  into  sulphuric  acid  at  the  expense  of  the 
oxygen  of  the  air.  Mr.  Phillips,  who  first  made  this  observation,  has 
founded  upon  it  a proposal  for  preparing  sulphuric  acid  on  the  large  scale. 
Sulphur  is  burned,  or  iron  pyrites  in  place  of  it,  and  the  sulphurous  acid 
produced  is  mixed  with  an  excess  of  air  by  a blowing  apparatus,  and  car- 
ried through  a tube  filled  with  the  platinum  sponge,  or  balls  of  fine  pla- 
tinum wire.  The  vapors  of  sulphuric  acid  formed  which  are  mixed  with 
the  nitrogen  of  the  air  are  condensed  in  a long  and  narrow  vessel  of  lead 
in  an  upright  position,  filled  with  pebbles  wdiich  are  kept  constantly  wxt 
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])y  a small  stream  of  'water  admitted  at  the  top,  and  which  percolates 
do  wii  ward  s.”  (Gii  a ii  am.) 

A patent^  for  making  sulplinric  acid  without  the  aid  of  nitre,  was 
taken  some  years  ago  hy  ]Mr.  Hill.  It  consists  in  submitting  coarsely- 
powdered  iron  pyrites  (Insulphuret  of  iron)  to  a red  heat,  in  cylinders 
communicating  with  a leaden  chamber  containing  water;  part  of  the  sul- 
phur, as  it  burns  out  of  the  pyrites,  appears  at  once  to  pass  into  the  state 
of  sulphuric  acid;  with  the  help  of  nitre  the  pyrites  might  perhaps’be 
more  economically  employed,  but  the  arsenic  which  it  is  apt  to  contain  is 
a strong  objection  to  it. 

The  great  consumers  of  sulphuric  acid  are  the  manufacturers  of  soda 
from  common  salt,  and  of  chlorine  or  chloride  of  lime  for  the  use  of 
bleachers;  there  are  also  many  other  chemical  products  dependent  upon 
it,  such  as  citric,  tartaric,  acetic,  nitric,  and  hydrochloric  acids;  sulphate 
of  soda;  sulphate  of  magnesia;  and  others  of  less  note;  it  is  also  in  con- 
stant demand  by  dyers,  calico-printers,  bleachers  of  various  materials,  the 
manufacturers  of  blacking,  of  soda-Avater,  of  various  pigments,  and  by 
the  refiners  of  gold  and  silver,  and  the  purifiers  of  oil  and  tallow. 

Sulphuric  acid,  or,  as  it  ought  more  properly  to  be  designated,  mono- 
hydrated  sidphnric  acid^  SOsHO,  is  a limpid,  inodorous,  colorless  fluid, 
of  an  oily  consistence,  and  of  the  specific  gravity  of  about  1’84.  Dr. 
Ure  observes  that  he  has  frecjuently  boiled  the  pure  acid  till  only  one- 
half  remained  in  the  retort;  yet  at  the  temperature  of  90°  Fahrenheit, 
has  never  found  the  specific  gravity  of  acid,  so  concentrated,  to  exceed 
1*8455;  the  number  1*850,  Avhich  has  sometimes  been  assigned  for  the 
density  of  pure  oil  of  vitriol,  is  therefore  erroneous.  Genuine  commercial 
acid  should  never  surpass  1*8455;  Avhen  it  is  denser,  we  may  infer 
sophistication,  or  negligence  in  the  manufacture. 

Sulphuric  acid  boils  at  a temperature  of  about  020°,  which,  therefore, 
approaches  a red-heat,  and  distils  over  without  decomposition.  Its  boil- 
ing-point diminishes  Avith  its  dilution ; Avhen  of  the  specific  gravity  of 
1*78  it  boils  at  435°;  and  at  350°,  Avhen  its  specific  giarnty  is  1*65. 
(Dalton,  Chem.  PliiL^  ii.  404.)  In  illustration  of  its  fixedness  at  all 
common  temperatures,  Bellani  placed  a piece  of  zinc  foil  in  the  upper 
part  of  a closed  bottle,  the  bottom  of  Avhich  Avas  covered  Avith  the  con- 
centrated acid ; the  metal  retained  its  bright  surface  at  the  end  of  tAvo 
years.  Berzelius,  Vogel,  and  Wrede  have  assumed  that  oil  of  vitriol 
does  give  off  vapor  at  common  temperatures,  and  that  therefore  it  cannot 
be  employed  in  cases  Avhere  extreme  accuracy  is  required,  as  a means  of 
drying  air  and  gases;  but  Dumas  has  shown  that  in  these  cases  the  sul- 
phuric acid  AA*as  not  perfectly  free  from  sulphurous  acid,  and  that  a cur- 
rent of  air  passed  first  over  potassa,  and  then  through  a tube  of  pumice 
moistened  Avith  sulphuric  acid,  has  not  the  slightest  effect  Avhen  after- 
AATirds  transmitted  through  a solution  of  chloride  of  barium.  {Ann.  Ch. 
et  Fh.,  Juin,  1843,  p.  204.)  The  concentrated  acid  freezes  at  — 15°;  and 
at  the  same  time  contracts  considerably  in  its  dimensions;  acid  of  the 
specific  gravity  of  1*78  (Avhich  is  a definite  hydrate  containing  1 atom  of 
anhydrous  sulphuric  acid  and  2 atoms  of  Avater,)  on  the  contrary,  freezes 
cit-l-40°,  but  if  the  density  be  either  increased  or  diminished,  a greater 
cold  is  required  for  its  congelation.  (Macnab,  Phil.  Trans. ^ vol.  Lxxvii., 
and  Keir,  Phil.  Trans. Ami.  Lxxviii.) 
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Sulphuric  acid  is  intensely  acrid  and  caustic;  it  acts  speedily  upon  the 
cuticle,  occasioning  a hiting  sensation,  and  a soapy  feel  of  the  part,  in 
consequence  of  its  chemical  action  on  the  cuticle:  its  taste,  even  when 
very  largely  diluted,  is  extremely  sour,  and  it  powerfully  reddens  litmus. 

It  has  a strong  attraction  for  water,  so  that  it  absorbs  aqueous  vapor 
from  the  atmosphere  and  increases  rapidly  in  bulk;  in  moist  weather 
three  parts  increase  to  four  in  the  course  of  24  hours,  and  by  longer 
exposure  a larger  quantity  of  water  is  taken  up,  so  that  it  requires  to  be 
preserved  in  well-stopped  vessels.  It  is  this  property  which,  renders  it 
applicable  to  the  drying  of  certain  gases,  and  to  the  purposes  of  evapo- 
ration and  desiccation  under  the  exhausted  receiver  of  the  air-pump,  and 
hence  the  cold  produced  in  Leslie’s  freezing  experiment  described  at 
p.  83.  When  sulphuric  acid  is  suddenly  mixed  with  water,  mutual  con- 
densation ensues,  and  much  heat  is  evolved  (p.  64).  Four  parts  of  acid, 
sp.  gr.  1*8,  and  one  of  water  at  32%  produce,  when  thus  mixed,  a tem- 
perature = 212*^.  According  to  Dr.  Ure,  the  greatest  heat  is  evolved  by 
mixing  ^3  of  acid  with  27  of  water.  Even  a boiling  temperature  does 
not  prevent  sulphuric  acid  taking  up  moisture  from  the  air ; hence  it 
cannot  be  concentrated  so  well  in  an  open  as  in  a close  vessel;  on  ’which 
account  retorts,  or  platinum  stills,  are  used  for  the  last  stage  of  its  con- 
centration by  the  manufacturers.  The  mixture  of  sulphuric  acid  with  ice 
or  snoAV  causes  its  immediate  liquifaction,  and  as  this  liquifaction,  consist- 
ently with  the  theory  of  latent  heat,  produces  cold,  while  on  the  other 
hand  the  union  of  the  acid  -with  the  water  evolves  heat,  the  resulting 
temperature  of  such  mixture  depends  upon  the  relative  proportions  of  the 
substances  mixed.  Four  parts  of  acid  and  one  of  snow,  or  pounded  ice, 
evolve  heat;  but  four  parts  of  snow  and  one  of  acid  generate  cold.  When 
the  acid  of  sp.  gr.  1*78  (SOs,  2HO),  is  mixed  with  snow,  a great  depres- 
sion of  temperature  is  the  consequence;  so  that  if  to  oil  of  vitriol,  SOsHO, 
such  quantity  of  wnter  be  added  as  to  convert  it  into  S03,2FI0  heat  is 
evolved,  and  then  the  further  addition  of  snow  occasions  cold. 

Sulphuric  acid  possesses  intense  chemical  pou’ers;  under  ordinary 
circumstances  it  displaces  the  greater  number  of  other  acids  from  their 
combinations ; thus,  in  the  humid  way,  it  decomposes  the  phosphates  and 
the  borates;  at  a red  heat,  however,  the  phosphoric  and  the  boracic  acids 
which  are  comparatively  fixed  in  the  fire,  expel  sulphuric  acid  from  its 
salts.  A solution  of  sulphate  of  lime  is  decomposed  by  oxalic  acid  which 
forms  an  insoluble  oxalate  of  lime,  and  the  tartaric,  racemic,  and  per- 
chloric acids  decompose  sulphate  of  potassa  in  solution.  In  consequence, 
probably,  of  its  strong  affinity  for  water,  sulphuric  acid  chars  most  organic 
substances;  it  acquires  a brown  tinge  from  the  smallest  particles  of 
straw,  cement,  or  dust,  that  accidentally  fall  into  it;  it  appears  capable  of 
dissolving  small  portions  of  charcoal,  and  also  of  sulphur,  tellurium,  and 
selenium;  these  substances  give  it  various  tints  of  brown,  red,  and  green, 
or  blue,  and  are  precipitated  when  the  acid  is  diluted  with  water;  but  if  ! 
heat  be  applied  they  are  oxidized  at  the  expense  of  the  acid,  and  sul-  j 
phurous  acid  is  evolved. 

When  heated  with  charcoal^  sulphuric  acid  gives  rise  to  the  production 
of  carbonic  and  sulphurous  acids  (C -1-2S03  = C02-1- 2S02):  with  phos- 
phorus it  produces  phosphoric  and  sulphurous  acids,  (P -1-5S03|=P05 
-i-5S02,)  and,  with  sulphur,  sulphurous  acid  is  the  only  product,  (S 
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+ 2S03rz3S02.)  It  is  decomposed  by  several  of  the  metals,  ^\diicli  be- 
come oxidized,  and  evolve  sulphurous  acid,  as  shown  in  the  production 
of  that  acid  by  boiling  sulphuric  acid  with  mercury,  tin,  lead,  &c.  When 
metals  are  dissolved  in  diluted  sulphuric  acid,  the  Avater  only  is  decom- 
posed, and  its  oxygen,  being  transferred  to  the  metal,  forms  a metallic 
oxide^  Avhich  unites  to  the  undecomposed  sulphuric  acid  to  form  a sid- 
idiate  of  the  oxide^  whilst  the  hydrogen  is  evolved  in  the  gaseous  form. 

It  appears  from  Faraday’s  experiments  {Phil.  Trans. 1834,  p.  82), 
that  sulphuric  acid  is  not  an  electrolyte,  and  that  the  anhydrous  acid  is 
not  a conductor.  The  appearance  of  sulphur,  Avhen  the  common  acid  is 
subjected  to  the  action  of  a poAverful  battery,  at  the  negative  pole,  is 
referable  to  a secondary  action.  But  the  electrolysis  of  hydrated  sul- 
phuric acid,  and  more  especially  of  some  of  the  sulphates,  involves  many 
interesting  points  respecting  the  ultimate  constitution  of  those  bodies, 
Avhich  Ave  shall  again  refer  to  under  the  head  of  sulphate  of  ammonia., 
and  also  Avhen  considering  the  salts  of  the  metals.  (Daniell,  Phil. 
Trans..,  1839,  p.  89;  1840,  p.  209.) 

The  presence  of  sulphuric  acid,  either  free  or  in  any  soluble  combina- 
tion, is  detected  by  solution  of  baryta;  if,  for  instance,  a solution  of  chlo- 
ride of  barium  be  added  to  any  liquid  containing  sulphuric  acid  or  a sul- 
phate, a AARite  precipitate  falls,  AAdiich  is  sulphate  of  baryta.,  and  is  charac- 
terized by  its  insolubility  in  acids  and  alkalis.  1 17  parts  of  dry  sulphate 
of  baryta  are  equivalent  to  40  of  dry  sulphuric  acid,  and  to  49  of  oil  of 
vitriol.  The  soluble  salts  of  lead  are  also  delicate  tests  of  the  presence 
of  sulphuric  acid:  they  indicate  it  by  a Avbite  precipitate,  insoluble  in 
nitric  acid.  When  this  precipitate  is  collected,  AA^ashed,  and  perfectl}'’ 
dried,  152  parts  of  it  by  AA’^eight  are  equivalent  to  40  of  anhydrous  sul- 
phuric acid.  (See  the  articles  sulphate  of  baryta  and  sulphate  of  lead  in 
reference  to  the  peculiarities  of  their  precipitates.) 

In  consequence  of  the  great  consumption  of  sulphuric  acid,  and  the 
numerous  arts  and  manufactures  in  Avhich  it  is  in  constant  use,  it  is 
important  to  the  consumer  to  be  able  to  judge  of  its  value  and  purity; 
the  specific  gravity  may  generally  be  depended  upon  as  indicative  of  its 
strength,  and  Ave  have  several  valuable  tables  shoAving  the  quantity  of  real 
or  dry  sulphuric  acid  contained  in  the  liquid  or  diluted  acid  of  various 
specific  gravities.  Dalton  {New  System  of  Chemical  Philosophy,  vol.  ii. 
p.  404)  has  published  a table,  exhibiting  the  specific  gravity  and  boiling- 
point  of  the  acid,  of  various  strengths.  Ure  has  also  given  tables  relating 
to  this  subject,  in  his  Experiments  to  determine  the  Lafv  of  Progression 
followed  in  the  Density  of  Sulphuric  Acid  at  different  Degrees  of  Dilu- 
tion. {Quarterly  Journal  of  Science  and  the  Arts,  vol.  iv.  p.  114.)  An 
extremely  useful  table  of  this  kind  Avill  also  be  found  in  Parkes’  Essays, 
(2nd  Edit.  i.  504):  but  upon  the  Avhole,  Dr.  Ure’s  table  appears  to  be  llie 
most  correct,  as  it  is  also  the  most  extensive.  For  the  use  of  the  manu- 
facturer and  of  the  chemical  laboratory,  glass  hydrometers  are  made  for 
the  express  purpose  of  determining  the  specific  gravity  of  the  commercial 
oil  of  vitriol,  and  they  are  very  convenient  Avhere  minute  accuracy  is  not 
required,  and  AA’here  the  absence  of  saline  impurities  has  been  previously 
ascertained.  But  Avhere  the  specific  gravity  of  the  acid  is  to  be  more 
accurately  determined,  the  usual  mode  by  Aveighing  must  be  resorted  to, 
as  described  in  a former  chapter.  (See  page  43.) 
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The  following  is  Dr.  Ure’s  table: 


Liq. 

Sp.  Gr. 

Dry. 

Liq. 

Sp.  Gr. 

Dry. 

Liq. 

Sp.  Gr. 

Dry. 

100 

1 *8485 

81-54 

66 

1-5503 

53-82 

32 

1 -2334 

26-09 

99 

1-8475 

80*72 

65 

1-5390 

53-00 

31 

1-2260 

25-28 

98 

1-8460 

79-90 

64 

1-5280 

52*18 

30 

1-2184 

24-46 

97 

1*8439 

79-09 

63 

1-5170 

51-37 

29 

1-2108 

23-65 

96 

1*8410 

78-28 

62 

1-5066 

50-55 

28 

1-2032 

22-83 

95 

1-8376 

77-46 

61 

1-4960 

49-74 

27 

1-1956 

22-01 

94 

1-8336 

76-65 

60 

1-4860 

48-92 

26 

1-1876 

21-20 

93 

1-8290 

75-83 

59 

1*4760 

48-11 

25 

1-1792 

20-38 

92 

1-8233 

75-02 

58 

1-4660 

4729 

24 

I-I7O6 

19-57 

91 

1-8179 

74-20 

57 

1*4560 

46-48 

23 

1-1626 

I8.75 

90 

1-8115 

73*39 

56 

1-4460 

45*66 

22 

1-1549 

17-94 

89 

1-8043 

72-57 

55 

1 -4360 

44-85 

21 

1-1480 

17-12 

88 

1*7962 

71-75 

54 

1-4265 

44-03 

20 

1-1410 

16-31 

87 

1*7870 

70-94 

53 

1-4170 

43-22 

19 

1-1330 

15-49 

86 

1-7774 

70-12 

52 

1-4073 

42-40 

18 

1-1246 

14-68 

85 

1*7673 

69-31 

51 

1-3977 

41-58 

17 

1-1105 

13-86 

84 

1*7570 

68-49 

50 

1-3884 

40-77 

K) 

1-1090 

13-05 

83 

1-7465 

67-68 

49 

1-3788 

39-95 

15 

1-1019 

12-23 

82 

1*7360 

66-86 

48 

1-3697 

39-14 

14 

1-0953 

11-41 

81 

1-7245 

66  05 

47 

1-3612 

38-32 

13 

1-0887 

10-60 

80 

1-7100 

05-23 

46 

1 -3530 

37-51 

12 

1-0809 

9-78 

79 

1-6993 

64-42 

45 

1-3440 

36-69 

11 

1 0743 

8-97 

78 

1-6870 

63-60 

44 

1*3345 

35-88 

10 

1-0682 

8-15 

77 

1*6750 

62-78 

43 

1-3255 

35-06 

9 

1 0614 

7-34 

76 

1*6630 

61-97 

42 

1'3165 

34-25 

<) 

U 

1-0544 

6-52 

75 

1-6520 

61-15 

41 

1*3080 

33-43 

7 

1-0477 

5-71 

74 

1-6415 

60-34 

40 

1-2999 

32-61 

6 

1-0405 

4-89 

73 

1-6321 

59-52 

39 

1-2913 

31-80 

5 

1-0336 

4-08 

72 

1-6204 

58*71 

38 

1-2826 

30-98 

4 

1-0268 

3-26 

71 

1*6090 

57-89 

37 

1 2740 

30-17 

3 

1-0-206 

2 446 

70 

1-5975 

57*08 

36 

1-2654 

29-35 

2 

1-0140 

1-63 

69 

1*5868 

56-26 

35 

1-2572 

28-54 

1 

1-0074 

0-815 

68 

1-5760 

55-45 

34 

1 -2490 

27-72 

67 

1*5648 

54-63 

33 

1-2409 

26-91 

111  ascertaining  the  specific  gravity  of  sulphuric  acid,  the  temper alure 
requires  minute  attention,  because  from  the  small  specific  heat  of  the 
acid  it  is  easily  affected,  and  because  it  greatly  influences  the  density. 
On  removing  the  thermometer  from  the  acid,  it  speedily  rises  in  the  air 
to  75°  or  80°,  though  the  temperature  of  the  apartment  be  only  60°; 
afterwards  it  slowly  falls  to  60°.  If  this  thermometer,  having  its  bulb 
covered  with  a film  of  dilute  acid  (from  absorbing  atmospheric  moisture), 
be  plunged  into  a strong  acid,  it  will  rise  10°  or  more,  and  an  elevation 
equal  to  10°  diminishes  the  density  of  oil  of  vitriol  by  0‘005;  1000  parts 
being  heated  from  60°  to  212°,  become  1043  in  volume,  and  the  sp.  gr. 
which  was  1*848,  falls  to  1*772,  being  the  number  corresponding  to  a 
dilution  of  14  per  cent,  of  water. 

But  it  is  also  necessary  to  ascertain  that  the  sulphuric  acid  under 
examination  leaves  no  residue  on  evaporation.  If  the  acid  of  commerce 
contain  dissolved  sulphate  of  lead,  it  becomes  turbid  on  dilution,  so  that 
its  remaining  clear  when  mixed  with  water  is  some  proof  of  its  purity,  as 
far  at  least  as  lead  is  concerned.  The  simplest  mode  of  judging  of  the 
freedom  of  this  acid  from  fixed  impurities,  is  to  introduce  a given  weight 
into  a platinum  capsule  and  evaporate  it;  if  it  leaves  more  than  one  per 
cent,  of  solid  residue,  it  has  probably  been  intentionally  sophisticated. 
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It  often  holds  sulphate  of  potassa  in  solution,  2*5  per  cent,  of  wlilcli 
increases  the  specihc  gravity  of  the  concentrated  acid  to  I ‘8(30;  hence  the 
necessity,  'where  accurac}'  is  required,  of  determining  the  value  of  the  acid 
hy  its  saturating  power.  For  this  purpose,  a given  weight  of  the  acid  is 
diluted  'with  six  or  eiglit  parts  of  water,  and  a solution  (of  known 
strength)  of  pure  carbonate  of  soda  added  until  the  solution  is  exactly 
neutral  (see  AlcaVimctrij).  Every  54  parts  of  anhydrous  carbonate  of 
soda  are  equivalent  to  40  parts  of  the  anhydrous  acid,  or  to  49  of  the 
liquid  sulphuric  acid,  or  oil  of  vitriol,  of  the  specihc  gravity  of  L84. 
Besides  lead  and  potassa,  tin  and  arsenic  are  sometimes  found  in  sul- 
phuric acid:  the  former  arising  from  the  solder  of  the  leaden  chambers, 
and  the  latter  derived  from  the  sulphur  or  pyrites.  The  modes  of  de- 
tecting these  impurities  will  be  stated  under  the  respective  metals. 
According  to  Dupasquier  (P/iil.  ^lag.^  Oct.  1843),  sulphuretted  hydrogen 
fails  to  detect  the  sulphate  of  lead  dissolved  in  or  mixed  with  excess  of 
sulphuric  acid,  but  when  the  contaminated  acid  is  saturated  by  an  alka- 
line base,  the  test  becomes  efficient  and  forms  black  sulphuret  of  lead. 

Dr.  Ure  has  the  following  remarks  on  the  distillation  of  this  acid: — 
“ I take  a plain  glass  retort,  capable  of  holding  from  two  to  four  quarts 
of  water,  and  put  into  it  about  a pint  measure  of  sulphuric  acid,  (and  a 
few  fragments  of  glass,)  connecting  the  retort  with  a large  globular 
receiver,  by  means  of  a glass  tube  four  feet  long,  and  from  one  to  two 
inches  in  diameter.  The  tube  fits  very  loosel}^  at  both  ends.  The  retort 
is  placed  over  a charcoal  fire,  and  the  flame  is  made  to  play  gently  on  its 
bottom.  ATien  the  acid  begins  to  boil  smartly,  sudden  explosions  of 
dense  vapor  rush  forth  from  time  to  time,  which  would  infallibly  break 
small  vessels.  Here,  however,  these  expansions  are  safely  permitted,  by 
the  large  capacity  of  the  retort  and  receiver,  as  well  as  by  the  easy  com- 
munication with  the  air  at  both  ends  of  the  adapter  tube.  Should  the 
retort,  indeed,  be  exposed  to  a great  intensity  of  flame,  the  vapor  Avill 
no  doubt  be  generated  with  incoercible  rapidity,  and  break  the  apparatus; 
but  this  accident  can  proceed  only  from  gross  imprudence.  It  resembles 
in  suddenness  the  explosion  of  gunpoAvder,  and  illustrates  admirably  Dr. 
Black’s  observation,  that,  but  for  the  great  latent  heat  of  steam,  a mass 
of  AA'ater,  poAverfully  heated,  Avould  explode  on  reaching  the  boiling  tem- 
perature. I have  ascertained,  that  the  specific  caloric  of  the  vapor  of 
sulphuric  acid  is  very  small,  and  hence  the  danger  to  Avhich  rash  opera- 
tors may  be  exposed  during  its  distillation.  Hence,  also,  it  is  unneces- 
sary to  surround  the  receiver  Avith  cold  Avater,  as  AAffien  alcohol  and  most 
other  liquids  are  distilled.  Indeed  the  application  of  cold  to  the  bottom 
of  the  receiver  generally  causes  it,  in  the  present  operation,  to  crack. 
By  the  above  method,  I have  made  the  concentrated  oil  of  vitriol  floAV 
over  in  a continuous  slender  stream,  AA'ithout  the  globe  becoming  sensibly 
hot.”  The  sudden  explosions  of  vapor  Avhich  Dr.  Ure  here  refers  to  are 
probably  connected  with  the  adhesion  of  the  acid  to  the  glass,  and  come 
under  the  phenomena  investigated  by  Donny  (see  p.  310). 

As  common  sulphuric  acid  contains  traces  of  nitrous  and  hyponitrous 
acid,  a little  sulphur  is  generally  added,  previous  to  distillation,  for  the  pur- 
pose of  their  decomposition;  but  this  gives  rise  to  sulphurous  acid,  Avhich 
is  retained  even  after  repeated  distillations : to  deprive  it  of  this  latter 
acid,  Jacquelain  {A?in.  Ch.et  Ph.,  Feb.  1843),  recommends  adding  to  the 
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acid  already  distilled  with  sulphur  a little  aqueous  chlorine,  and  after- 
wards boiling  a fcAv  minutes.  After  these  operations,  it  no  longer  retains 
nitric,  sulphurous,  or  hydrochloric  acids.  The  presence  of  nitric  or  nitrous 
acid  is  indicated  in  sulphuric  acid  by  the  discoloration  occasioned  by 
adding  a few  drops  of  concentrated  solution  of  protosulphate  of  iron : a 
solution  of  narcotine  is  also  reddened  by  sulphuric  acid  containing 
nitrous  acid.  With  the  iron  test  the  color  after  a time  becomes  paler,  but 
with  the  narcotine  test  deeper ; but  the  iron  test  is  preferable,  inasmuch 
as  imre  sulphuric  acid  is  to  a certain  extent  discolored  by  narcotine. 

Cases  of  poisoning  by  sulphuric  acid  are  not  unfrequent ; the  best 
antidotes  are  copious  draughts  of  chalk  or  whiting  and  water,  or  of  car- 
bonate of  magnesia  and  water.  (Taylor.  Med.  Jurisp.  91.) 

Native  Sulphuric  Acid  has  been  found  by  Professor  Baldassari,  in 
the  cavities  of  a small  volcanic  hill,  called  Zoccolino,  near  Sienna.  It  is 
probably  not  uncommon  in  similar  situations. 

Anhydrous  Sulphuric  Acid.  When  crystallized  green  vitriol,  or 
protosulphate  of  iron,  is  exposed  to  a dull  red-heat,  it  crumbles  down 
into  a white  powder,  and  loses  the  greater  part  of  its  water  of  crystal- 
lization. (See  Sulphate  of  In  this  state,  if  put  into  a coated 

earthen  or  green  glass  retort,  and  gradually  exposed  to  an  intense  red  or 
even  white  heat,  a dark-colored  liquor  distils  over,  of  a specific  gravity 
of  about  I ’89,  which  has  been  called  Nordhausen^  or  German  sulphuric 
acid;  it  smokes  when  exposed  to  air,  from  the  escape  of  the  highly  vola- 
tile dry  sulphuric  acid,  which  is  united  in  the  brown  liquid  with  a por- 
tion of  hydrated  acid.  The  brown,  fuming  acid,  is  in  request  as  a ready 
and  perfect  solvent  of  indigo.  When  it  is  kept  at  a temperature  below 
32*^,  crystals  form  in  it,  which  according  to  Mitscherlich  are  a definite 
compound  of  2 atoms  of  anhydrous  acid  and  1 atom  of  water;  it  is 
resolved  by  heat  into  the  common  and  the  anhydrous  acid. 

The  dry  or  anhydrous  sidphuric  acid  may  be  separated  from  this  brown 
(or  Nordhausen)  acid,  by  careful  distillation  from  a retort  into  a dry  and 
cold  receiver;  it  passes  over  in  drops,  which  concrete,  on  cooling,  into  a 
tenacious  crystalline  mass.  This  acid  is  liquid  at  a temperature  above 
66°;  and  at  78°  its  specific  gravity,  according  to  Bussy,  is  1’97.  {Journal 
de  Pharmacies  x.  368.)  When  it  has  once  congealed  it  is  difficult  to  fuse 
it,  because  the  first  portions  heated  become  vapor,  and  propel  the  rest 
forward;  by  slight  pressure,  however,  this  may  be  prevented.  When 
kept  in  a temperature  between  75°  and  80°,  it  gradually  liquifies.  At  a 
temperature  somewhat  above  this,  which,  however,  has  not  been  accu- 
rately determined,  it  passes  into  the  state  of  colorless  vapor,  the  density 
of  which,  according  to  Mitscherlich,  is  3.  The  calculated  density  is 
so  that  100  cubic  inches  would  weigh  85 '969  grains.  In  the  absence  of 
all  moisture,  it  has  no  action  upon  litmus  paper.  Passed  through  a red- 
hot  porcelain  tube,  anhydrous  sulphuric  acid  is  resolved  into  one  volume 
of  oxygen  and  itvo  of  sulphurous  acid.  Caustic  lime  or  baryta  heated  in 
its  vapor,  become  ignited,  and  converted  into  sulphates.  The  attraction 
of  this  anhydrous  acid  for  water  is  such  as  to  produce  intense  heat  and  a 
hissing  noise  when  small  portions  of  it  are  thrown  into  that  fluid;  and  if 
a sufficient  quantity  of  it  be  added  to  such  a proportion  of  water  as  is 
required  to  convert  it  into  hydrated  acid,  they  combine  with  heat,  light, 
and  explosion. 
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The  hrOAvn  and  fuming  liquid  acid,  from  sulphate  of  iron,  yields 
about  one-fourth  its  weight  of  anhydrous  acid  by  distillation;  but  if  this 
cannot  be  procured,  the  anhydrous  acid  may  be  obtained,  according  to 
Berzelius,  by  the  distillation  of  such  other  sulphates  as  easily  part  with 
their  acid:  those  sulphates  which  require  a very  elevated  temperature, 
are  less  fit  for  the  purpose,  because  the  acid  is  then  apt  to  be  resolved 
into  sulphurous  acid  and  oxygen.  Bisulphate  of  soda,  or  persulphate 
of  iron,  may  thus  be  employed.  The  former  may  be  made  by  mixing 
in  a crucible  three  parts  of  thoroughly-desiccated  sulphate  of  soda  with 
two  of  common  sulphuric  acid,  and  heating  them  till  the  ebullition 
occasioned  by  the  escape  of  water  has  ceased.  The  resulting  mass  is  then 
to  be  pulverized,  transferred  to  a porcelain  retort,  and  distilled  at  a red 
heat;  the  acid  which  passes  over  may  be  collected  in  a receiver  cooled  by 
ice : it  is  generally  of  a dark  color,  which  appears  to  arise  from  dust  acci- 
dentally present.  A persulphate  of  iron,  applicable  to  the  same  purpose, 
may  be  procured  by  mixing  finely-powdered  peroxide  of  iron  into  a thin 
paste  with  common  sulphuric  acid,  and  gradually  heating  it  (below  red- 
ness) till  they  combine  into  a saline  mass,  which  is  to  be  powdered  and 
subjected  to  distillation  as  before.  The  acid  thus  obtained  generally 
contains  a little  Avater,  and  if  it  crystallizes,  it  forms  brittle  foliaceous 
crystals.  Carefully  redistilled  by  a gentle  heat,  the  anhydrous  acid  passes 
over,  and  common  liquid  acid  (hydrated)  remains  in  the  retort. 

It  appears,  then,  that  this  extraordinary  substance,  which  is  thus 
volatile  and  easy  of  congelation,  forms,  by  combining  Avith  Avater,  the 
fixed  and  difficultly-congealable  oil  of  vitriol^  and  that  it  contains  sulphur 
and  oxygen  in  the  same  proportions  as  they  exist  in  the  acid  of  the  dry 
sulphates.  From  its  resolution  Avhen  passed  through  a red-hot  tube, 
into  one  volume  of  sulphurous  acid  and  half  a volume  of  oxygen,  and 
likeAA’ise  from  the  experiments  of  Berzelius  upon  the  direct  acidification 
of  sulphur,  it  appears  that  anhydrous  sulphur'ic  acid  consists  of 

Berzelius. 

Sulphur  1 IG  40  40’14 

Oxygen  3 24  60  59*86 

Anhydrous  sulphuric  acid 1 40  100  100*00 

And  the  liquid^  hydrous^  or  common  sulphuric  acuf  or  oil  of  vilriof  AA'hen 
of  the  sp.  gr.  1*845  consists  of 


Davy  and 
Dalton. 

Dry  sulphuric  acid  1 ....  40  ....  81*63  ....  81 

Water  1 ....  9 ....  18*37  ....  19 


iSlonoliydrated  sulphuric  acid  ....  1 49  100*00  100 

The  compound  of  sulphuric  acid  and  Avater  of  the  specific  gravity 
1*78,  Avhich  has  been  above  alluded  to  as  congealing  at  40°,  remains  solid 
till  raised  to  45°,  and  is  a definite  combination  of  1 atom  of  anhydrous 
acid  -f  2 atoms  of  AAmter;  and  lastly,  the  acid  of  specific  gravity  1*632 
appears  also  to  be  a definite  hydrate  containing  1 atom  of  anhydrous  acid 
and  3 atoms  of  Avater,  for  it  is  to  this  strength  that  a dilute  sulphuric 
acid  evaporated  in  vacuo  at  212°  is  reduced,  and  it  is  also  in  these 
proportions  that  sulphuric  acid  and  AAmter  sutler  the  greatest  diminution 
of  bulk  in  combining.  It  Avould  appear,  therefore,  that  there  are 
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four  definite  lijdrates  of  sulpliiiric  acid;  of  wliicli  the  following  are  the 
formuhe  : 


Anhydrous  acid SOs 

Hydrate  in  the  Nordhausen  acid 2 S03,1I0 

Oil  of  vitriol,  sp.  gr.  1'845 S03,1I0 

Acid  of  sp.  gr.  I* 780  803,2110 

Acid  of  sp.  gr.  r6o2  803,8110 


Graham,  in  reference  to  the  composition  of  the  sulphate^'^  arranges 
these  formulcTe  as  follows  : 


Hydrate  iji  the  Nordhausen  acid  110,2803 

Oil  of  vitriol 110,803 

xVcid  of  sp.  gr.  1'780 110,803  + 110 

Acid  of  sp.gr.  1-682 110,803  + 2110 


Theory  of  the  Production  of  Sulphuric  Acid.  Having  stated 
the  properties  and  composition  of  sulphuric  acid,  we  may  now  revert  to 
the  theory  of  its  formation  in  the  process  of  the  comhustion  of  sulphur 
and  nitre.  It  was  first  supposed  that  the  nitre  merely  yielded  oxygen 
directly  to  the  sulphur,  and  so  effected  its  perfect  acidification  ; but  the 
small  quantity  of  nitre  required,  and  the  production  of  sulphurous  and 
not  sulphuric  acid,  when  sulphur  is  either  burned  alone  in  pure  oxygen 
gas,  or  when  it  is  heated  with  peroxide  of  manganese  and  other  sub- 
stances which  readily  impart  ox3"gen,  seemed  to  indicate  some  other  powTr 
possessed  h}^  the  nitre;  that  this  is  the  case  was  proved  by  Clement  and 
Desormes  {Ann,  de  Chim.^  Lix.)  and  by  Davy  {Elements  of  C hem.  Philos.,^ 
276),  to  whom  -we  owe  the  following  explanation  of  the  phenomena. 

The  sulphur  by  burning  in  contact  with  atmospheric  air  sulphu- 

rous aeid;  the  nitre  is  at  the  same  time  decomposed,  and  ^delds  nitrous 
acid.  AVhen  these  vapors  {i.  e.,  sulphurous  and  nitrous  acids)  are  per- 
fectly dry^  they  do  not  act  upon  each  other,  hut  moisture  being  present  in 
small  quantity,  they  form  a white  solid,  -which  is  instantly  decomposed 
by  the  contact  of  Avater;  the  nitrous  acid  reverts  to  the  state  of  nitric 
oxide,  having  transferred  one  additional  proportional  of  oxygen  to  the 
sulphurous  acid,  and,  W'itli  Avater,  producing  the  sulphuric  acid;  Avhile 
the  nitric  oxide,  by  the  action  of  the  air,  again  affords  nitrous  acid,  Avhich 
plays  the  same  part  as  before.  (2802 +-N04  + 2 110  = 2 [S03,H0]  + 
N02.)  The  following  diagrams  (omitting  Avater)  represent  the  changes 
more  in  detail : 

Sulphurous  acid  consists  of  And  nitrous  acid  contains 


Sulphur 


16 

Oxygen. 

8 

|l6  + 16=32 

Nitrogen. 

Oxygen. 

8 

8 

14 

8 

8 

8 

32  + 14  = 46 


Hence  every  tivo  proportionals  of  sulphurous  acid  require  one  of  nitrous 


si  Li'iii  Kir 


acid,  ^v]lich  transfers  two  of  oxygen,  and  passes  ])ack  into  tlie  state  of 
nitric  oxide,  sulplmric  aeid  being,  at  tlie  same  time,  produced. 

The  gases,  therefore,  before  decomposition,  may  be  thus  represented  : 


Sulpluir. 

16 

Oxygen. 

8 

Suli)luir. 

8 

16 

8 

8 

16 


AG 


Two  proportionals  of 
Sulphurous  Acid. 


Nitrogen. 

Oxjrgen. 

8 

14 

8 

8 

8 

v 

32 


One  proportional  of 
Nitrous  Acid. 


And  after  decomposition  as  follows  :• 


Sulphur, 


li) 

Oxygen. 

8 

8 

Sulphur. 

8 

16 

Oxygen. 

8 

8 

V 

8 

>24 


>24 


Two  proportionals  of 
Sulj;)liuric  Acid. 


Nitrogen. 

Oxygen. 

8 

14 

8 

>16 


One  proportional  of 
Nitric  Oxide. 


Or  if  it  be  assumed  that  the  compound  upon  which  the  formation  of 
sulphuric  acid  depends,  is  one  of  hyponitrous  and  sulphurous  acid;  then 
S02,  + N03  + no-  SOallO  + N02. 

The  theory  of  the  production  of  sulphuric  acid  has  more  lately 
engaged  the  attention  of  Peligot,  {Ann.  Ch.  el  Ph.,  November,  1844,) 
whose  paper  contains  an  account  of  the  mutual  reactions  of  sulphurous 
and  nitric  acids  at  different  temperatures;  the  formation  of  sulphuric 
acid,  he  observes,  depends  upon  the  following  facts:  1.  Sulphurous 
acid  decomposes  nitric  acid,  forming  sulphuric  and  nitrous  acids.  2. 
Water  changes  the  nitrous  into  nitric  and  hyponitrous  acid.  8,  The 
hyponitrous  acid  under  the  influence  of  more  Avater,  becomes  nitric  acid 
and  binoxide  of  nitrogen.  4.  The  binoxide  of  nitrogen  in  contact  of  air, 
produces  nitrous  acid,  which  is,  5.  transformed  by  water  into  hyponitrous 
and  nitric  acid.  The  sulphurous  acid  acts  incessantly  and  exclusively 
on  the  nitric  acid,  constantly  regenerated  in  the  different  phases  of  the 
operation ; this  series  of  successive  reactions  exclude  the  intervention 


398 


SULPHURIC  ACID. 


of  any  crystallizable  compound,  and  are  represented  in  the  following 
formulae*: 

1.  NOsJdO  + SO2  = S03,HO  + NO4 

2.  2NO4  H-  HO  = NOs  + N05,H0 

3.  3NO3  + HO  = 2NO2  + NOs, HO 

4.  NO2  + 20  = NO4 

5.  2NO4  + HO  = N03  + NOs, HO,  &c. 

Sulphates.  In  the  neutral  anhydrous  sulphates  the  'water  of  the  oil 
of  vitriol  is  replaced  by  a metallic  oxide;  so  that  instead  of  H0-{-S03, 
we  have  MO  + SOs.  But  if  oil  of  vitriol  be  viewed  as  a hydracid,:=r 
II  + SO4,  the  hydrogen  may  then  be  regarded  as  replaced  by  the  metal, 
giving  M + SO4. 

Graham  observes,  that  many  of  the  sulphates  (especially  those  of  the 
magnesian  family,)  correspond  with  the  binhydrate  of  sulphuric  acid 
(sp.  gr.  1‘78).  Thus,  of  the  7 atoms  of  water  in  crystallized  sulphate  of 
magnesia,  it  retains  1 at  400°.  So  that  w^e  have 

HOjSOs  +HO  Sulphate  of 'water.  (Sp.  gr.  1*78.) 

Mg0,S03  + H0  Sulphate  of  magnesia.  (Dried  at  400°.) 

The  atom  of  water  may  be  replaced  in  both  these  salts  by  an  atom  of 
sulphate  of  potassa,  in  which  case  hisulphate  of  potassa^  and  sidphate  of 
potassa  and  magnesia^  are  the  products. 

H0,S03  + K0,S03=Bisulpliate  of  potassa. 

Mg0,S03  + K0,S03=Sulphate  of  potassa  and  magnesia. 

On  the  binary  theory,  the  sulphates  are  compounds  of  metals,  wdth 
S04;  sulphate  of  potassa,  for  instance,  being  K,S04,  instead  of  K0,S03. 

If  the  different  acids  of  sulphur,  in  their  isolated  state,  be  regarded  as 
including  an  atom  of  water,  the  salts  of  the  same  acids  will  be  formed  by 
the  substitution  of  an  atom  of  metallic  oxide  for  that  of  water : or  if,  on 
the  binary  theory,  the  same  acids  be  regarded  as  hydracids,  or  as  com- 
jDOunds  of  hydrogen,  then  the  replacement  of  that  hydrogen  by  a metal 
wall  form  the  corresponding  salt : Dr.  Gregory  gives  the  follo’wing  table 
in  illustration  of  these  views  : 

Old  View.  NeavView. 

r”  ^ r > 

Acids.  Salts.  Acids.  Salts. 

Sulphurous  acid  H0,S02  ....  M0,S02  H,S03  ....  M,S03 

Sulphuric  acid  110,803  ....  M0,S03  H,S04  ....  M,S04 

Hyposulplmrous  acid  H0,S202  ....  M0,S202  H,S203  ....  M,S203 

Hyposulpliuric  acid  H0,S205  ....  M0,S205  H,S206  ....  M,S206 

Acid  of  Langlois  H0,S305  ....  M0,S305  HjSsOe  ....  MjSsOg 

Acid  of  Fordos  and  Gelis....  IIOjSiOs  ....  M0,S405  tI,S406  ....  M,8406 

He  advocates  the  new  view,  or  binary  theory,  on  account  of  its  simpli- 
city : according  to  it,  an  acid  may  be  defined  as  a combination  of  hydro- 
gen, with  a radical  either  simple  or  compound,  in  which  the  hydrogen 
may  be  replaced  by  its  equivalent  of  metal ; while  a salt  is  a combina- 
tion of  a simple  or  compound  radical,  with  a metal.  One  obvious 
advantage  of  this  binary  theory  is,  that  it  assimilates  the  salts  of  the 
oxyacids  wdth  those  of  the  hydracids^  and  so  far  simplifies  the  chemistry 
of  the  salts  in  general. 

* Our  liyponitrous  acid  is  the  acide  nitreuw  of  the  author;  and  our  nitrous  acid,  is 
his  acide  ?typonitriquc . 
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Sulphuric  Acid  and  Nitric  Oxide.  NO2,  2S03.  Dry  nitric  oxide 
is  absorbed  by  anhydrous  sulphuric  acid.  (H.  Rose.)  When  liquified 
sulphurous  and  nitrous  acids  are  brought  together  in  a sealed  glass  tube, 
heat  is  evolved,  and  the  mixture  gradually  deposits  a yellowish  crystalline 
matter,  which  in  24  hours  amounts  to  about  0'9  of  the  mixture,  while 
OT  of  a greenish  fluid  separates,  which  evaporates  with  explosive  violence 
on  opening  the  tube.  (N04  4-2S02=N02,2S03.)  Provostaye  {A?in.  Ch. 
et  Ph.^  Lxxiii.  362,)  regards  the  green  fluid  as  hyponitrous  acid ; but 
its  extreme  explosive  violence  renders  its  further  examination  desirable. 
The  solid  portion  yields,  after  fusion,  a white  mass  of  acicular  crystals 
and  prisms  of  the  sp,  gr.  2T4,  fusible  at  about  430^^,  and  congealing  at 
420°  ; at  these  temperatures  it  is  yellow  and  transparent,  till  cooled  to 
375°;  below  this  it  becomes  opaque  and  greenish,  but  white  when  cool. 
It  may  be  distilled  without  decomposition,  at  about  620°.  It  dissolves 
rapidly  in  water,  forming  a solution  of  sulphuric  acid  and  evolving  nitric 
oxide.  It  dissolves  in  warm  sulphuric  acid  (protohydrated),  and  on 
cooling  yields  a crystalline  mass.  The  real  nature  of  the  crystalline 
compounds  resulting  from  the  action  of  sulphurous  and  sulphuric  acids 
upon  the  nitrous  and  nitric  acid  is  still  involved  in  much  doubt. 

Sulphuric  Acid  and  Ammonia.  Sulphate  of  Ammonia.  Glau- 
ber’s SECRET  Sal-ammoniac.  Sulphate  of  Oxide  of  Ammonium. 
NH3,  SO3,  PIO,  or  NII4O,  SO3.  This  salt  may  be  obtained  directly  by 
pouring  a few  drops  of  sulphuric  acid  into  a bottle  of  gaseous  ammonia; 
the  ammonia  is  rapidly  absorbed,  and  the  salt  crystallizes  on  the  sides  of 
the  jar.  It  is  usually  prepared  by  saturating  dilute  sulphuric  acid  with 
carbonate  of  ammonia.  It  is  important  as  a source  of  sal  ammoniac^ 
which  is  obtained  by  sublimation  from  a mixture  of  chloride  of  sodium 
and  sulphate  of  ammonia;  by  this  process  sulphate  of  soda  is  also 
formed.  (NH4O,  S03 -f  NaCl  = NH4,  Cl  NaO,  S03.)  (See  Sod'mm.') 
For  these  purposes  the  ammoniacal  liquor  of  gas-works,  produced  during 
the  destructive  distillation  of  coal,  and  the  impure  carbonates  of  ammonia 
formed  by  the  distillation  of  bones  and  other  refuse  animal  matters,  are 
saturated  by  sulphuric  acid,  and  the  resulting  sulphate  of  ammonia  puri- 
fied by  crystallization. 

Sulphate  of  ammonia,  in  its  common  form  of  six-sided  prismatic 
crystals,  contains,  according  to  Berzelius,  two  proportionals  of  water, 
being  composed  of 


Ammonia 

1 .... 

....  17  .... 

....  22*7  .. 

Berzelius. 
22-G 

Sulphuric  acid 

1 .... 

....  40  .... 

....  53-3  .. 

53-1 

Water  

2 .... 

....  18  .... 

24-0  .. 

24-3 

Crystallized  sulphate  of) 

1 

75 

100-0 

100-0 

ammonia j 

It  is  soluble  in  two  parts  of  water  at  60°  and  in  one  at  212°.  Its 
taste  is  bitter  and  pungent.  When  heated,  it  melts  and  in  part  sublimes, 
ammonia  is  given  off,  and  a hi-sulphate  remains,  containing  2 propor- 
tionals of  acid+1  of  ammonia:  at  a higher  temperature,  nitrogen  and 
water  are  given  out,  and  sulphite  of  ammonia  (or  probably  sulfimide)  is 
formed. 

Sulphate  of  ammonia  has  lately  been  much  used  as  a manure,  and  is 


largely  manufactured  for  tliis  purpose.  (8ee  Johnston’s  Lectures  on 
Agricultural  Chcmislry ^ S)'C.  Appendix,  56,  80.) 

To  assimilate  the  composition  of  this  salt  with  the  other  sulphates,  it 
is  assumed  to  be  a sulphate  of  oxide  of  ammonium;  it  cannot  exist  without 
the  atom  of  water  belonging  to  the  sulphuric  acid,  and  is  not  formed,  as 
we  shall  j^resently  find,  by  the  mutual  action  of  ammonia  and  anhydrous 
sulphuric  acid;  upon  this  (hypothetical)  view  therefore  of  its  constitution, 
ammonia  becomes  converted  into  ammonium  by  uniting  to  the  hydrogen 
of  the  water  in  the  acid,  and  the  oxygen  of  this  water  converts  the  am- 
monium into  oxide  of  ammonium,  and  this,  combined  with  the  anhydrous 
sulphuric  acid,  forms  a sulphate  of  oxide  of  ammonium:  it  is  evident  that 
the  elements  of  this  hypotlietical  anhydrous  sulj)hate  of  oxide  of  ammo- 
nium are  equivalent  to  those  of  the  hydrated  sulphate  of  ammonia;  for 

Sulphate  of  Oxide  of  Ammonium.  Hydrated  Sulphate  of  Ammonia. 

Nll40,  + S03  = NIl3  + S03-(-tI0 

But  the  electrolytic  decomposition  of  a solution  of  sulphate  of  ammonia, 
the  phenomena  of  which  have  been  described  by  Daniell,  {Phil.  Trans.., 
1839,  p.  Ill,)  furnishes  another  view  of  the  constitution  of  this  and 
other  sulphates,  which  on  many  accounts  is  important  in  its  theoretical 
bearings.  Mr.  Daniell  found  that  hydrated  sulphate  of  ammonia^NHs, 
S03,H0,  is  resolved  by  electrolysis  into  1 equivalent  of  sulphur  and  4 of 
oxygen,  given  off  at  the  anelectrode,  and  into  1 equivalent  of  nitrogen 
and  4 equivalents  of  hydrogen,  given  off  at  the  cathelectrode;  so  that  its 
electrolytic  formula  would  be  NH4,  + S04 ; thus  representing  it,  not  as  a 
sulphate  of  oxide  of  ammonium,  but  as  a compound  of  ammonium  (NH4) 
with  a peculiar  anion  composed  of  1 equivalent  of  sulphur  and  4 of 
oxygen  (S04).  Such  an  an'ion  Mr.  Daniell  provisionally  designates 
oxy.mlphion;  and  hence  the  common  sulphate  of  ammonia  he  terms 
oxysulphion  of  ammoniimi. 

Native  Sulphate  of  Ammonia  is  sometimes  found  in  volcanic  pro- 
ducts; it  occurs  in  stalactitic  concretions  of  a whitish  or  yellowish  color, 
and  covered  with  a white  efflorescence : it  has  thus  been  procured  from 
fissures  in  the  earth  surrounding  certain  small  lakes  in  Tuscany,  near 
Sienna;  and  among  the  products  of  Etna  and  Vesuvius;  it  has  been 
termed  by  Karsten,  Mascagnine^  from  the  name  of  its  discoverer. 

Anhydrous  Sulphuric  Acid  and  Ammonia.  Sulfamide.  The  prin- 
cipal evidence  in  favor  of  the  above  view  of  the  constitution  of  the 
sulphate  of  ammonia  is  derived  from  the  action  of  anhydrous  sulphuric 
acid  on  ammonia.  By  conducting  dry  gaseous  ammonia  into  a glass 
vessel  coated  with  a thin  film  of  anhydrous  sulphuric  acid,  Bose  obtained 
a crystallized  compound,  differing  in  form  from  sulphate  of  ammonia,  and 
in  which  neither  sulphuric  acid  nor  ammonia  are  evident  to  the  usual 
tests,  although  their  elements  must  manifestly  be  included  in  the  com- 
pound. {Poggend.,  xxii.,  xLvii.,  and  xuix.)  It  seems  probable,  therefore, 
that  it  may  be  an  amide  (a  hydrated  sulfamide),  for  the  elements 

Anhydrous  Sulphate  of  Ammonia.  Sulfamide  and  Water. 
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IlYPOSULPHUROUS  AciD.  DiTHiONous  AciD.  S2O2,  or  SO2  -f  S.  The 
existence  of  an  acid  compound  of  sulpliur  and  ox\'gcn,  containing  one 
atom  of  sulpliur  and  one  of  oxygen  (lG  + 8r=:24),  was  first  inferred  by 
Dr.  Thomson,  in  1817,  ond  the  salts  containing  such  a combination  were 
originally  described  by  Gay  Lussac  (Ann  de  Chim.^  lxxxv.),  under  the 
name  of  sulphuretted  sulphites.  Higgins  (Comparative  Vietv,  p.  49)  and 
Berthollet  had  previously  found  that  iron  and  zinc  might  be  dissolved  in 
acpieous  sulphurous  acid,  without  any  evolution  of  hydrogen  gas,  and 
that  they  formed  peculiar  colorless  crystallizable  salts,  which,  acted  upon 
by  certain  other  acids,  evolved  sulphurous  acid  and  sulpliur.  P»y  exposing 
sulphuret  of  sodium  in  solution  to  the  air,  Vauquelin  obtained  an  analo- 
gous compound  of  soda’.  Thomson  first  suggested  the  term  hpposuC 
phurous  for  the  peculiar  acid  of  sulphur  contained  in  these  compounds, 
(Syst.  of  Chem.^  1817),  and  they  were  afterwards  examined  with  much 
precision  and  ability  by  Ilerschel.  (Edin.  Phil.  Jour.^  i.)  This  acid  has 
not  been  examined  in  a separate  state,  though  Berzelius  has  suggested  the 
probability  of  its  existence  in  some  of  those  peculiar  colored  compounds 
of  anhydrous  sulphuric  acid  and  sulphur,  which  have  been  above  adverted 
to.  When  we  attempt  to  decompose  its  compounds  in  the  humid  wajg 
sulphurous  acid  escapes,  and  sulphur  is  precipitated.  By  adding  slight 
excess  of  sulphuric  acid  to  a dilute  solution  of  hyposulphite  of  strontia. 
Sir  John  Ilerschel  succeeded  in  separating  the  acid,  but  it  almost  im 
mediately  began  to  undergo  spontaneous  decomposition,  and  was  resolved 
into  sulphurous  acid  and  sulphur  by  heat.  S2O2  becoming  S and  SO2. 

Hyposulphurous  acid  is  formed,  1.  When  sulphur  is  digested,  at  a 
liigh  temperature  but  without  ebullition,  in  a solution  of  a sulphite:  in 
which  case  the  oxygen  of  the  sulphurous  acid  divides  itself  between  the 
original  and  the  neAvly  added  sulphur:  thus  we  obtain  hyposulphite  of 
soda  by  digesting  finely  divided  sulphur  in  a hot  solution  of  sulphite  of 
soda,  NaO,  SO2, + S,  becoming  NaO,  S2O2.  2.  When  sulphurous  acid 

gas  is  passed  through  a solution  of  an  alkaline  sulphuret  till  it  no  longer 
precipitates  sulphur;  thus,  we  obtain  hyposulphite  of  lime  bypassing 
sulphurous  acid  gas  through  a solution  of  sulphuret  of  calcium;  in  which 
case  2 CaS,  and  3 SO2  become  2 CaO,  2 S2O2,  and  S.  3.  When  a solu- 
tion of  an  alkaline  sulphuret  (containing  2 or  more  atoms  of  sulphur)  is 
exposed  to  air  till  it  becomes  nearly  colorless,  oxygen  is  slowly  absorbed, 
and  a hyposulphite  results;  thus  one  equivalent  of  bisulphuret  of  potas- 
sium would  absorb  three  of  oxygen,  and  form  one  of  hyposul]3hite  of 
potassa.  KS2 -f  03=  KG,  S2O2.  4.  When  zinc  or  iron  are  digested  in 

aqueous  solution  of  sulphurous  acid,  a sulphite  and  hyposulphite  of  the 
metal  is  formed : thus  2 atoms  of  zinc  and  3 atoms  of  sulphurous  acid 
form  I atom  of  sulphite  and  I atom  of  hyposulphite  of  oxide  of  zinc. 
2 Zn  + 3 S02  = Zn0,  SO2,  and  ZnO,  S2O2. 

It  has  been  shown  by  Hose  (Poggendorjf's  Annalen,  xxi.),  that 
although  the  ratio  of  the  sulphur  to  the  oxygen,  in  this  acid,  is  as  Ki  to 
8,  its  equivalent.,  or  combining  proportion,  is  not  24,  but  48,  hence  it 
must  be  considered  as  a compound  of 

Sulphur  2 ....  32  ....  GG-G7]_( Sulphur  I ....  IG  ....  33-33 

Oxygen  2 ....  IG  ....  33-331  ” i Sulphurous  acid 1 ....  32  ....  G6  G7 

Ilyposulpliurous  acid  1 43  100-00 

Amu.  I. 


1 48  100-00 

2 D 


HYPOSULPIIUIIIO  ACID. 


m 


The  Jiyposulpliiles  are  mostly  soluble  and  of  a bitter  taste:  the  solu- 
tions of  the  alkaline  hyposulphites  occasion  black  precipitates  in  the 
nitrates  of  silver  and  mercury,  which  are  sulphureis : the  hyposulphites 
of  lead  and  of  baryta  are  thrown  down  in  the  form  of  white  insoluble 
powders:  the  neutral  hyposulphites  dissolve  recently-precipitated  chloride 
of  silver,  and  form  with  it  a compound  of  a very  sweet  taste. 

Hyposulpiiuric  Acid.  Ditii ionic  Acid.  S2O5.  was  discovered  in 
1819  by  Gay  Lussac  and  AVelther.  It  was  accidentally  formed  in  an 
attempt  to  analyze  oxide  of  manganese  by  the  employment  of  sulphurous 
acid,  when  a peculiar  salt  was  formed,  which  did  not  precipitate  baryta. 
This  salt  was  afterwards  found  to  contain  a distinct  acid  of  sulphur,  to 
which  Gay  Lussac  gave  the  above  name.  {A?i7i.  Ch.  et  Ph.,  x.)  It  is 
obtained  by  passing  a current  of  sulphurous  acid  through  a cold  mixture 
of  finely- powdered  and  pure  peroxide  of  manganese  and  water.  A solu- 
tion is  obtained,  which  is  filtered  and  thoroughly  agitated  and  digested 
Avlth  hydrated  baryta,  which  must  be  added  in  small  excess.  The  sulphuric 
acid  and  the  greater  part  of  the  oxide  of  manganese  are  thus  precipitated. 
The  solution  is  again  filtered  and  evaporated  till  it  crystallizes,  and  the 
crystals  of  hijposulphate  of  baryta  are  a second  time  dissolved  and 
obtained  by  evaporation,  in  order  to  procure  them  free  from  manganese; 
they  are  then  dried,  poAvdered,  Aveighed,  and  dissolved  in  Avater;  and  to 
every  hundred  parts  of  the  dissolved  salt,  18*78  parts  of  sulphuric  acid, 
of  the  specific  gravity  of  1*84,  diluted  Avith  four  parts  of  Avmter,  are  added. 
The  baryta  is  thus  throAvn  doAvn  in  the  state  of  sulphate,  and  the  new 
acid  remains  in  solution.  Having  been  filtered,  it  is  to  be  concentrated 
by  exposure  under  the  exhausted  receiver  of  the  air-pump,  including  a 
vessel  of  sulphuric  acid,  till  it  acquires  the  density  of  J *347.  If  its 
exposure  and  evaporation  be  continued  beyond  this  point,  it  is  resolved 
into  sulphuric  and  sulphurous  acids.  A temperature  of  212°  effects  the 
same  change  in  its  composition.  It  is  inodorous,  sour,  and  reddens  vege- 
table blues.  It  has  not  been  obtained  in  an  anhydrous  state. 

Neither  oxygen,  nor  chlorine,  nor  nitric  acid,  nor  peroxide  of  man- 
ganese, affect  the  composition  of  hyposulpiiuric  acid  at  common  tempera- 
tures; it  dissolves  zinc  with  the  evolution  of  hydrogen,  and  hyposulphate 
of  zinc  results.  It  saturates  the  salifiable  bases;  and  with  lime,  baryta, 
strontia,  and  protoxide  of  lead,  it  forms  soluble  compounds;  Avhereas  those 
formed  by  these  bases  Avith  the  sulphuric  acid,  are  difficultly  soluble  or 
insoluble.  Its  salts,  however,  are  not  permanent  at  high  temperatures, 
but  when  heated  they  are  resolved  into  sulphates,  with  the  escape  of 
sulphurous  acid;  notAAnthstanding  this,  they  remain  ueutral^  though  the 
quantity  of  sulphurous  acid  Avhich  escapes  is  such  as  Avould  itself  have 
saturated  the  base.  The  elements  of  this  acid  are  in  the  relative  propor- 
tions of  I atom  of  sulphur  and  2*5  oxygen,  but  its  equivalent  is  not  36, 
but  72,  hence  it  is  constituted  of 

Sulphur  2 ....  32  ....  44*44) I Sulphurous  acid 1 ....  32  ....  44*44 

Oxygeu  5 ....  40  ....  55*5Gj  ~tSulphuric  acid 1 ....  40  ....  55*56 

Hyposulphuric  acid  1 72  100*00  1 72  100  00 

Sulphuretted  Hyposulpiiuric  Acid.  Tritiiionic  Acid.  S3O5.  Tbe 
existence  of  an  acid  having  the  preceding  formula  has  been  announced  by 
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Laiiglols,  as  formed  along  with  hyposulpliates  by  digesting  sulphur  in  a 
solution  of  bisulphite  of  potassa  Hyposulphite  (rf  Polassa;^  thus  3 atoms 

of  b isulphite  of  potassa  and  2 of  sulphur,  would  produce  2 atoms  of  suL 
phuretted  hj^posulphate  and  1 of  hyposulphite;  as  in  the  following  equation 
3 [KO,2  S02]  +23=2  [K0,S305]  + [K0,S202.] 

The  elements  of  an  atom  of  the  sulphuretted  hyposulphuric  acid  are,  as 
the  following  table  shows,  equivalent  to  those  of  an  atom  of  hyposulphu- 
rous  and  an  atom  of  sulphuric  acid  ; 

Langlois. 

Sulplmr  3 ....  48  ...  54’55  I ( ITyposulphiirous  acid  1 ....  48  ....  54'55 

Oxygen  5 ....  40  ....  45*45 j (Sulpliuric  acid  1 ....  40  ....  45*45 


Siili3huretted  hypo-)  ^ 100*00  ^ 100*00 

sulphuric  acid  ....j 

It  neither  precipitates  the  salts  of  baryta  nor  lead.  {Ann.  Ch.  et  Ph., 
3 Ser.  iv.  77*) 

Bisulphuretted  PIyposulpiiuric  Acid.  Tetrathionic  Acid.  S405. 
This  acid  was  obtained  by  Fordos  and  Gelis  {Ann.  Ch.  et  Ph.^  Deer.  1842) 
by  carefully  decomposing  its  combination  with  baryta  by  sulphuric  acid, 
so  diluted  as  to  avoid  elevation  of  temperature.  The  diluted  acid  may  be 
boiled  without  decomposition,  but,  as  it  becomes  concentrated,  it  deposits 
sulphur,  evolves  sulphurous  acid,  and  the  liquid  acquires  the  property  of 
precipitating  barytic  solutions.  This  acid  is  not  affected  by  dilute  hy- 
drochloric or  sulphuric  acids,  but  nitric  acid  throws  down  sulphur.  It 
does  not  precipitate  the  salts  of  iron,  zinc,  or  copper;  it  gives  a white 
precipitate  with  protochloride  of  tin  and  bichloride  of  mercury  ; a yellow- 
ish one,  becoming  black  b}’"  excess  of  acid,  with  protonitrate  of  mercury  ; 
and  with  nitrate  of  silver,  the  precipitate,  at  first  white,  becomes  speedily 
yellow  and  then  black.  (See  Bisulphuretted  Hyposulphite  of  Soda.  See 
also  in  reference  to  the  analytic  separation  of  these  acids  a paper  by 
Fordos  and  Gelis,  Ann.  Ch.  et  Ph..,  Sept.  1843.)  The  elements  of  the 
bisulphuretted  hyposulphuric  acid  may  be  represented  as  those  of  the 
sulphurous  and  hyposulphurous  acid  : thus 

Sulpliur  4 ....  64  ....  61*54)  _ fSulphurous  acid  1 ....  32 

Oxygen  5 ....  40  ....  38*46| ~ tHyposulphurous  acid  H ....  72 

Bisulphuretted  hy-)  ^ lOO’OO  ^ 

posulphuric  acid. . . . j 

Sulphur  and  Chlorine.  Chloride  of  Sulphur.  SCI.  This 
compound  was  first  described  by  Dr.  Thomson,  in  1804  (Nicholson’s 
Journal^  vol.  viii.);  and  afterwards  more  fully  examined  by  Berthollet 
junior.  {Mem.  d’Arcueil,  t.  i.)  The  chlorides  of  sulphur  have  also  been 
examined  by  Rose  {Poggend.  Ann..^  xxi.  431),  and  by  Dumas  {Ann.  Ch. 
et  Phys.^  xLix.  205).  When  sulphur  is  heated  in  excess  of  dry  chlorine, 
it  absorbs  rather  more  than  twice  its  weight  of  that  gas.  Ten  grains  of 
sulphur  absorb  30  cubic  inches  of  chlorine,  and  produce  a liquid  of  a 
greenish-yellow,  by  transmitted  light,  but  orange  red  by  reflected  light. 
(Davy.  Elements,  p.  280.)  The  combination  also  takes  place  at  common 
temperatures,  and  may  be  effected  by  passing  excess  ot  dry  chlorine 
through  a tube  containing  powdered  sulphur.  It  requires  rectification  to 
free  it  from  dichloride,  which  should  be  performed  between  140°  and 

2 D 2 


404 


CHLORIDES  OF  SULPHUR. 


160°.  Chloride  of  sulphur  exhales  suffocating  and  irritating  fumes  'vvheii 
exposed  to  the  air.  Its  specific  gravity  is  1‘60.  It  boils  at  146°,  yield- 
ing vapor  of  the  density  of  3'70.  It  does  not  affect  dry  vegetable  blues; 
hut  when  water  is  present,  it  instantly  reddens  them,  sulphur  is  deposited, 
and  hydrochloric  and  hyposulphurous  acids  are  formed,  the  latter  being 
soon  decomposed:  2 SCI,  2 HO  — 2 HCl,  S2O2.  It  dissolves  sulphur  and 
phosphorus  : it  decomposes  alcohol  and  ether : it  is  decomposed  by  mer- 
cury, heat  being  evolved,  sulphur  deposited,  and  chloride  of  mercury 
formed.  A fragment  of  potassium  dropped  into  it  presently  burns  and 
explodes.  It  absorbs  phosgene  gas.  According  to  Davy,  although  this 
compound  readily  dissolves  sulphur,  it  is  incapable  of  absorbing  chlorine. 
From  the  analysis  of  Dumas  it  consists  of 


Sulphur  

..  1 .... 

....  16  ... 

30*7  ... 

Dumas. 
31-4 

Chlorine  

...  1 .... 

....  36  ... 

69*3  ... 

68*6 

Chloride  of  sulphur 

...  1 

52 

100*0 

100*0 

Dichloride  of  Sulphur.  Bisulphuret  of  Chlorine.  Subchloride 
OF  Sulphur.  S2CI.  When  the  preceding  liquid  is  saturated  with  sul- 
phur, it  deposits  a portion,  often  in  crystals,  but  retains,  according  to 
Bucholz,  one  additional  proportional  of  sulphur,  forming  a yellow-brown 
liquid  of  the  specific  gravity  of  1*686.  It  boils  at  282°.  The  density  of 
its  vapor  is  4*70.  It  is  possessed  of  the  general  properties  of  the  preced- 
ing. Tetrahedral  crystals  of  sulphur  may  be  obtained  from  this  liquid, 
the  deposition  of  which  is  much  influenced  by  light.  According  to  Rose 
(^Poggendorff’ s Ann.^  xxi.,)  this  is  the  only  chloride  of  sulphur,  and  the 
preceding  compound  is  a solution  of  chlorine  in  this  dichloride.  When 
dropped  into  water  it  gradually  yields  hydrochloric  acid,  sulphur,  and 
hyposulphurous  acid,  the  latter  resolving  itself  into  sulphurous  acid  and 
sulphur:  2 S2CI,  2 HO  = 2 HCl,  SO2, 3S.  Ether  first  dissolves  and  then  gra- 
dually decomposes  it,  with  slight  elevation  of  temperature.  It  consists  of 


' Rose.  Bucbolz. 

Sulphur 2 ....  32  ....  47*0  ....  47*06  ....  47-4 

Chlorine  1 ....  36  ....  53-0  ....  52*94  ....  52-6 


Bichloride  of  sulphur  1 68  lOO'O  lOO'OO  100*0 

When  dichloride  of  sulphur  is  surrounded  by  a cooling  mixture,  it 
absorbs  the  vapor  of  anhydrous  sulphuric  acid,  and  produces  a yellow 
liquid  which  is  permanent  at  temperatures  below  32°,  but  at  a few 
degrees  above  32°  it  evolves  sulphurous  acid.  When  this  liquid  is  heated 
up  to  50°  sulphurous  acid  is  rapidly  evolved  : between  86°  and  1 04°  chlo- 
ride of  sulphur  passes  over,  and  at  293°  an  oil-like  liquid,  which  when 
freed  by  rectification  from  chloride  of  sulphur,  is  a ijeiitasulphate  of  ter- 
cJilo7'ide  of  sulphur:  =SCl3,  5 S03.  In  its  formation  3 atoms  of  dichlo- 
ride of  sulphur  and  15  of  anhydrous  sulphuric  acid,  are  resolved  into  I 
atom  of  this  pentasulphate  and  15  of  sulphurous  acid:  3 S2Cl-i-15  S03 
=SCl3,  5 SO3-I-I5  SO2.  Its  composition  therefore  is 


H.  Rose. 

Sulphur 6 ....  96  ....  29*3  ....  30*35 

Oxygen 15  ....  120  ....  37*0  ....  38*15 

Chlorine  3 ....  108  ....  33*7  ....  31*50 


Pentasulphate  of  terchloride 
ofsulpluir  


1 


324 


100*0 


100*00 
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Aimmonio-Ciiloride  of  Sulphur.  Two  compounds  of  ammonia  and 
' chloride  of  sulphur  have  been  described  by  Soubeiran.  Ch.  et  Ph.^ 

, Lxvii.  7L)  The  one— 2 NH3  + SCI ; tlie  other  NII3  + SCI:  they  are 

' yellow,  and  brown  compounds,  crystal lisable  from  their  etherial  solutions. 

Sulphur  and  Iodine.  Iodide  of  Sulphur..  SI.  Sulphur  and  iodine 
1'  readily  unite  by  a gentle  heat,  and  form  a black  crystalline  compound. 

' (Gay  Lussac,  A?in.  Ch.,  xci.)  It  is  decomposed  by  a degree  of  heat  a 
[ little  exceeding  that  required  for  its  formation,  and,  when  boiled  in  Avater, 

^ the  iodine  goes  off  with  the  steam,  and  sulphur  remains.  It  is  probably 

j a compound  of  one  proportional  of  each  of  its  components. 

Sulphur  and  Bromine.  Bromide  of  Sulphur.  SBr.  When  bro- 
[ mine  is  digested  with  sulphur,  no  heat  is  evolved,  and  a red  liquid  com- 
( pound  results,  Avhicli  emits  fumes  when  exposed  to  air,  and  has  little 
I action  upon  dry  litmus  paper,  but  poiA^erfully  reddens  it  Avhen  moist. 

Lmder  these  circumstances,  1 atom  of  bromine  dissolves  2 of  sulphur. 

I It  dissolves  both  bromine  and  sulphur.  It  is  slowly  acted  on  by  cold 
' water,  but  at  212°  the  action  is  Auolent,  sulphuretted  hydrogen  is  evolved, 
and  hydrobromic  and  sulphuric  acids  are  formed.  Chlorine  decomposes 
the  bromide  of  sulphur,  and  chloride  of  sulphur  is  formed,  Avith  the 
CAmlution  of  bromine.  The  composition  of  this  bromide  has  not  been 
accurately  determined. 

I 

Sulphur  and  Fluorine.  SF.  Davy  obtained  a fuming  liquid, 
{Fluoride  of  Sidphur  ?)  by  distilling  a mixture  of  sulphur  and  fluoride  of 
lead. 

I 

j Sulphur  and  Hydrogen.  Sulphuretted  Hydrogen  Gas.  IIydro- 
THioNic  Acid.  Hydrosulphuric  Acid.  Sulfhydric  Acid.  HS.  This 
I compound  AA'as  discovered  by  Scheele  in  1777*  When  sulphur  is  heated 
j or  sublimed  in  liydrogen  gas,  or  Avhen  the  gas  is  passed  througli  melted 
: sulphur,  a small  portion  of  sulphuretted  hydrogen  is  sloAvly  formed,  but 
: the  action  is  very  imperfect.  The  gas  is  readily  obtained  Avhen  sulphur 
is  presented  to  nascent  hjAlrogen,  AYhich  is  the  case  Avhen  protosulphuret 
1 of  iron  is  acted  upon  by  dilute  sulphuric  acid,  or  Avhen  one  part  of  bruised 
I sulphuret  of  antimony  is  heated  Avitli  four  of  hydrochloric  acid ; or  one 
part  of  puh^erized  sulphur  and  two  of  iron  filings  may  be  made  into  a 
thin  paste  Avith  AA'ater,  and  heated  in  a flask  till  the  mixture  blackens, 
after  Avhich,  the  addition  of  sulphuric  acid  diluted  Avith  four  times  its 
bulk  of  Avater,  causes  an  abundant  eAmlution  of  sulphuretted  hydrogen. 
(Gay  Lussac,  Ann.  Ch.et  Ph.,  vii.  314.)  A mixture  of  equal  parts  of 
talloAv  and  suljihur  heated  in  a glass  flask  yields  pure  sulphuretted  hydro- 
gen. (Reinsch.)  In  the  case  of  the  evolution  of  sulphuretted  hydrogen 
by  the  action  of  sulphuric  acid  and  AA'ater  upon  the  protosulphuret  of 
iron,  Avater  is  decomposed,  its  hydrogen  combines  Avith  the  sulphur  of  the 
sulphuret  to  form  sulphuretted  hydrogen,  and  its  oxygen  converts  the  iron 
into  protoxide,  Avhich,  combining  Avith  the  sulphuric  acid,  forms  proto- 
sulphate of  iron:  the  gas  is,  hoAvever,  apt  to  contain  free  hydrogen. 
When  sesquisulphuret  of  antimony  and  hydrochloric  acid  are  employed, 
sesc|uichloride  of  antimony  is  formed,  and  the  hydrogen  of  the  acid  unites 
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to  the  sulphur  of  the  sulphuret  to  form  sulphuretted  hydrogen : the  gas 
in  this  case  is  slowly  evolved,  hut  it  is  pure.  These  reactions  are  expressed 
in  the  following  equations : 

Protosulpliuret  of  Iron.  Water.  Sulpluiric  Acid.  Sulphuretted  Hydrogen  and  Protosulpliate  of  Iron. 

FeS  HO  S03  = HS  FeO+SOs 

2 atoms  Sesqui sulphuret  3 atoms  of  3 atoms  Sulphuretted  2 atoms  Sesqui- 

of  Antimony.  Hydrochloric  Acid.  Hydrogen.  chloride  of  Antimony. 

SbS3  3HC1  = 3 IIS  SbCl3 

Dumas  recommends  sulphuret  of  calcium,  or  the  double  sulphuret  of 
sodium  and  iron  obtained  by  fusing  poAvdered  pyrites  Avith  half  its  Aveight 
of  dry  carbonate  of  soda  at  a red  heat,  as  sources  of  sulphuretted  hydrogen 
Avhen  its  rapid  evolution  is  required ; these  sulphurets  are  to  be  acted  on 
by  hydrochloric  acid. 

Sulphuretted  hydrogen  is  gaseous  at  common  temperatures  and  pres- 
sures. Under  a pressure  of  about  17  atmospheres  at  50°,  it  assumes  the 
licjuid  form  : it  is  then  limpid,  and  apparently  possessed  of  a refractive 
power  exceeding  that  of  water ; its  specific  gravity  is  about  0'9.  When 
a tube  containing  it  Avas  opened  under  Avater,  it  instantly  and  violently 
rushed  forth  under  the  form  of  gas.  (Faraday,  Phil.  Trans..,  1823,  p.  92.) 
When  cooled  to  122°  heloAV  0°  it  solidifies,  and  is  then  a white  ciystalline 
translucent  substance,  heavier  than  the  liquid.  At  this  temperature  the 
pressure  of  its  vapor  is  less  than  one  atmosphere,  so  that  the  liquid 
allowed  to  evaporate  in  the  air  Avould  not  solidify,  as  is  the  case  Avith 
carbonic  acid.  (Faraday,  Phil.  Trans..,  1845,  164;  Avhere  see  also 
a table  of  the  tension  of  its  vapor  at  temperatures  betAveen  — 100°  and 
+ 52°.) 

Sulphuretted  hydrogen  gas  may  be  collected  over  Avarm  Avater:  by 
agitation  cold  Avater  absorbs  nearly  thrice  its  bulk.  It  has  a peculiarly 
nauseous  fetid  odor,  resembling  that  of  rotten  eggs,  and  so  diffusible  that 
a single  cubic  inch  escaping  into  the  atmosphere  of  a large  room,  is  soon 
every  where  perceptible  by  its  smell.  100  cubic  inches  Aveigh  36*5366 
grains.  Its  specific  gravity  compared  Avith  air  is  as  1*1786  to  1:  and 
compared  with  hydrogen,  as  17  to  1.  According  to  Thomson  its  specific 
gravity  is  1*1805 ; and  100  cubic  inches,  reduced  to  the  temperature  of  32°, 
Aveigh  38*6196  grains.  Dumas  gives  its  specific  gravity  as  = 1*1912.  It 
is  inflammable,  and  during  its  sIoav  combustion,  sulphur  is  deposited,  and 
Avater  and  sulphurous  acid  formed.  It  extinguishes  the  flame  of  a taper. 
When  respired,  it  proves  fatal;  and  it  is  very  deleterious,  even  though 
largely  diluted  with  atmospheric  air.  According  to  Dupuytren  and 
Thenard,  a small  bird  dies  immediately  in  air  containing  only  one  1500th 
of  sulphuretted  hydrogen;  one  800th  kills  a middle-sized  dog;  and  a 
horse  is  killed  by  an  atmosphere  containing  one  150th.  Nausea,  A*ertigo, 
headache,  and  a peculiar  faintness,  are  common  consequences  Avhen  an 
atmosphere  even  slightly  contaminated  by  sulphuretted  hydrogen  is 
breathed  for  any  length  of  time.  When  its  escape  in  the  laboratory  can- 
not be  prevented,  its  effects  may  be  counteracted  by  the  diflusion  of  a 
little  chlorine,  or  by  sprinkling  the  room  Avith  an  aqueous  solution  of 
chlorine.  It  exists  in  some  mineral  waters,  and  is  found  in  foul  seAvers 
and  in  putrid  eggs. 

The  aqueous  solution  of  sulphuretted  hydrogen  is  transparent  and 
colorless  when  recently  prepared,  but  gradually  becomes  opalescent,  and 
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if  exposed  to  air  deposits  sulphur,  nnd  the  greater  part  of  the  gas 
escapes.  The  whole  of  the  gas  is  evolved  by  heat.  It  is  an  exceedingly 
delicate  test  of  the  presence  of  most  of  the  metals,  wuth  wLich  it  forms 
colored  precipitates.  One  measure  of  sulphuretted  hydrogen  mixed  W’ith 
20000  measures  of  liydrogen,  carhuretted  hydrogen,  or  atmospheric  air, 
produces  a sensible  discoloration  of  Avhite  lead  or  of  oxide  of  bismuth, 
mixed  with  w^ater,  and  spread  upon  a piece  of  card.  In  this  w^ay  Ave 
may  ascertain  the  presence,  in  coal-gas,  of  extremely  small  quantities  of 
sulphuretted  hydrogen;  and  may  even  form  an  estimate  of  its  proportion, 
when  too  minute  to  be  otherwise  measured,  by  comparing  the  shade  of 
color  Avith  a series  prepared  for  the  purpose,  by  exposing  slips  of  card 
covered  wdth  Avhite  lead  and  Avater  to  mixtures  of  sulphuretted  hydrogen 
and  common  air,  in  knoAvn  proportions.  (Henry,  Elements  (xf  Che- 
mistry.') 

Sulphuretted  hydrogen  slightly  reddens  infusion  of  litmus,  and  moist 
litmus  paper ; it  is  generally  classed  among  the  hydracids,  and  does  not, 
therefore,  unite  directly  Avith  the  basic  oxides,  a metallic  sulphuret  and 
water  being  the  usual  result  of  their  mutual  reaction:  (HS,MOz=:  MS, HO.) 
it  combines  Avith  certain  sulphurets  (basic  sulphurets),  and  forms  a class 
of  sulphur  salts;  compounds,  according  to  Graham,  strictl}’^  analogous  to 
the  hydrated  oxides,  if  Ave  substitute  sulphur  for  oxygen. 

When  hydrogen  becomes  sulphuretted  hydrogen,  its  volume  is  un- 
changed : and  Avlien  one  volume  of  sulphuretted  hydrogen  is  detonated 
Avith  half  a volume  of  oxygen,  Avater  is  formed  and  sulphur  precipitated  ; 
the  Avhole  of  the  mixed  gases  being 
condensed : but  Avhen  a volume  of  sul- 
phuretted hydrogen  and  a volume  and 
a half  of  oxygen  are  inflamed  in  a de- 
tonating tube,  one  volume  of  sulphur- 
ous acid  is  produced,  and  Avater  is 
formed.  Thus  the  sulphur  is  transferred  to  one  volume  of  the  oxygen, 
and  the  hydrogen  to  the  half  A’’olume.  Sulphuretted  hydrogen  may  also 
be  decomposed  by  the  Voltaic  flame,  in  the  apparatus  shoAvn  in  fig.  253, 
or  by  a succession  of  electric  sparks  : in  either  case  its  volume  remains 
unchanged,  but  the  sulphur  is  throAvn  doAAm.  This  gas,  therefore. 


consists  of 

Berzelius.  Vols.  Sp.  Gr.  100  C.  I. 

Sulphur  1 ....  16  ....  94-1  ....  94*176  ....  0*16  ....  1-109  ....  34*3 

Hydrogen  1 ....  1 ....  5*9  ..  . 5*824  ....  1*00  ....  0 069  ....  2*1 


Sulphuretted  hydrogen  ....  1 17  100*0  100*000  1*00  1*178  36*4 

Spongy  platinum  does  not  effect  the  combustion  of  a mixture  of  sul- 
phuretted hydrogen  and  oxygen  unless  free  hydrogen  be  also  present. 

Chlorine,  iodine,  and  bromine,  instantly  decompose  sulphuretted  hydro- 
gen ; Avhen  they  are  not  in  excess  sulphur  is  deposited,  and  hydrochloric, 
hydriodic,  and  h^^drobromic  acids  are  formed.  Nitric  acid  poured  into 
the  gas  occasions  a deposition  of  sulphur,  and  nitrous  acid  and  Avater  are 
formed,  Avith  considerable  elevation  of  temperature,  and  occasionally 
flame.  The  aqueous  solution  of  the  gas  is  also  decomposed  by  these 
reagents.  Hence  the  method  of  preparing  hydriodic  and  hydrobromic 
acids  by  passing  sulphuretted  hydrogen  through  Avater  in  Avhich  iodine  or 
bromine  is  diffused,  as  already  noticed.  When  sulphuretted  hydrogen  is 
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mixed  with  its  voriime  of  nitric  oxide  over  mercury,  a diminution  of  bulk 
ensues,  in  consequence  of  the  production  of  water;  sulphur  is  deposited, 
and  nitrous  oxide  remains  in  the  vessel.  (HS  + N02  = Id0 +S  + NO.) 
When  Uvo  volumes  of  sulphuretted  hydrogen  are  mixed  in  an  exhausted 
balloon  Avith  one  of  sulphurous  acid,  they  mutually  decompose  each  other, 
occasioning  the  production  of  AA^ater,  and  the  deposition  of  sulphur; 
(2  HS  -{-  SO2  — 2 HO  + 3S.)  If  the  gases  be  perfectly  dry,  the  action  is 
slow.  According  to  Thomson,  the  deposited  matter  is  not  sulphur,  but 
a compound  of  sulphur,  oxygen,  and  hydrogen,  Avhich  he  calls  hydrosul- 
phuroiis  acid.  (Anfi.  of  Phil.^  xii.  441.)  Sulphuric  acid  also  decom- 
poses sulphuretted  hydrogen;  the  results  are  Avater,  sulphurous  acid,  and 
sulphur,  (HS  + S03=:  tlO-f  SO2  + S):  but  if  the  acid  be  diluted  Avith  4 
or  5 parts  of  Avater,  it  has  no  action,  and  if  in  that  case  it  is  rendered 
turbid  by  sulphuretted  hydrogen,  the  presence  of  sulphurous  or  arsenious 
acids  may  be  suspected. 

When  potassium  or  sodium  are  heated  in  sulphuretted  hydrogen, 
sulphur- salts  of  those  metals  are  formed  Avith  vivid  combustion,  and  pure 
hydrogen  is  liberated:  (K-{-2HSrr:KS,HS + H.)  When  tin  or  lead  are 
fused  in  the  gas,  they  also  decompose  it,  and  absorb  the  sulphur,  leaving  a 
volume  of  hydrogen  equal  to  that  of  the  original  gas.  Passed  over  metal- 
lic oxides,  water  and  metallic  sulphurets  are,  as  above  stated,  the  results: 
the  different  oxides  effect  this  decomposition  at  very  different  tem- 
peratures. 

Sulphuretted  Hydrogen  and  Ammonia,  Hydrosulphuret  of 
Ammonia.  Hydrosulphate  of  Ammonia.  Sulphuret  of  Ammonium. 
Boyle’s  Fuming  Liquor.  Beguin’s  Sulphuretted  Spirit.  NH3,HS, 
or  NH4,S.  When  ammonia  and  sulphuretted  hydrogen  gas  are  mixed, 
fumes  at  first  appear,  and  a crystallized  compound  results.  If  this  be 
obtained  by  the  condensation  of  1 volume  of  sulphuretted  hydrogen  and 
2 of  ammonia,  it  may  be  considered  as  consisting  of  1 proportional  of 
each  of  its  components.  The  only  Avay  of  combining  the  gas  in  these 
proportions  is  to  suffer  them,  previously  dried,  to  pass  by  separate  tubes 
to  the  bottom  of  a flask  or  bottle  immersed  in  ice ; the  access  of  air  should 
be  prevented,  and  the  escape  of  any  uncondensed  gas  provided  for  by  a 
safety-tube;  the  crystals  thus  produced  are  at  first  colorless,  and  Avhen 
exposed  to  air  lose  half  their  ammonia.  This  protosulphuret  of  ammonium 
is  also  formed  when  sal-ammoniac  and  sulphuret  of  calcium  are  distilled 
together.  (CaS,NH4Cl,  — CaCl,NH4S.)  Its  aqueous  solution  may  be 
obtained  by  dividing  aqueous  ammonia  into  2 equal  parts,  saturating  one 
with  sulphydrogen,  and  then  adding  to  it  the  other:  it  forms  a colorless 
sulphuretted  liquid,  Avhich  decomposes  in  the  air.  (NH4S,HS -i-NH3=: 
2 NH4S.)  It  consists  of 

Volumes. 

Ammonia 1 17  ....  50  ....  2)  _|Ammonium 1 18  ....  53*9 

Sulphuretted  hydrogen  1 ....  I7  ....  .50  ....  Ij  jSulphur  1 ....  16  ....  46-1 

Hydrosulphuret  of  am-|  ^ Sulphuret  of  } 

monia j ammonium.... j ^ 

Bihydrosuphuret  of  Ammonia.  NH3, 2HS.  Hydrosulphuret 
OF  Ammonium.  NH4S,  HS.  When  equal  volumes  of  ammonia  and 
sulphuretted  hydrogen  are  brought  together  in  a cooled  vessel,  Amlatile 
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colorless  crystals  are  deposited,  'wdiicli  become  yellow  by  exposure.  The 
aqueous  solution  of  this  compound  is  formed  by  saturating  solution  of 
ammonia  with  sulphuretted  hydrogen.  This  compound  may  be  regarded 
as  a sulphur-salt  of  ammonium;  its  components  are 


Ammonia  1 ....  17  ....  33'33)_  jSulphuret  of  ammonium  1 ....34..,.  C()'G7 

Sulphuretted  hydrogen  2 ....  34  ....  OG’ 071  ~ [ Sulphuretted  hydrogen  1 ....  1 7 ...  33*33 


Bihydrosiilphuret  of  1 ^ Hydrosulphuret  of  ) ^ 

ammonia j ammonium j 


Persulpiiuret  of  Ammonium.  Boyles  fuming  liquor  of  Sulphur^ 
Begum  s Spiriius  Sulphuratus.  A compound  of  sulphuretted  hydrogen 
and  ammonia,  with  excess  of  sulphur,  is  obtained  by  distilling  a mixture 
of  about  4 parts  of  slaked  quicklime,  2 of  hydrochlorate  of  ammonia,  and 
1 of  sulphur.  The  following  is  the  disposition  of  the  apparatus  for  this 
experiment:  (see  fig.  288)  a is  a small  furnace ; 6,  a tubulated  earthen 
retort  containing  the  above  materials;  c,  an  adapting  tube;  f/,  a glass 
balloon  for  condensing  the  vapor;  e,  a receiver;  f a bottle  of  'water,  into 


which  the  glass  tube,  issuing  from  the  upper  part  of  the  balloon  f is 
made  to  dip  about  half  an  inch.  The  product  in  the  receiver  c,  may  be 
mixed-  with  the  'water  in  f and  the  whole  used  for  washing  out  the  bal- 
loon d.  In  its  concentrated  state,  this  compound  exhales  white  fumes, 
and  'was  formerly  called  Boyle’s  finning  liquor.  It  is  a deep  yellow 
liquid,  smelling  like  a mixture  of  sulphuretted  hydrogen  and  ammonia. 
It  dissolves  sulphur.  According  to  Gay  Lussac  (Ann.  Ch.  ci  Ph.,  xl. 
302),  no  ammonia  is  decomposed  in  the  abo’v^e  operation,  but  the  sul- 
phuretted hydrogen  is  formed  by  the  union  of  sulphur  with  the  hydrogen 
of  the  hydrochloric  acid:  the  residue  in  the  retort,  consisting  of  sulphate 
of  lime  and  chloride  and  sulphuret  of  calcium,  is  formed  by  the  union  of 
sulphur  with  part  of  the  oxygen  of  the  lime  to  produce  sulphate  of  lime, 
the  evolved  calcium  being  divided  between  the  chlorine  and  sulphur. 

lYhen  sulphur  is  digested  in  either  of  the  hydrosulphurets  of  ammo- 
nia, yellow  solutions  are  obtained,  probably  containing  several  definite 
sulphurets ; two  crystalline  compounds  of  this  kind  have  been  described 
by  Fritzsche,  the  one  containing  5,  and  the  other  7 atoms  of  sulphur,  and 
1 of  ammonium,  namely,  Nn4,S5,  and  NIIFS7.  All  the  yellow  hydro- 
sulphurcts  yield  precipitates  of  sulphur  on  the  addition  of  acids.  They 
are  used  as  tests  of  the  presence  of  several  of  the  metals,  and  have  been 
employed  in  medicine,  principally  in  diabetes,  and  as  a sudorific  in  gout. 
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Persulpiiuret  of  Hydrogen.  i^upersulphuretted  Hydrogen. 
HS2.  This  is  a yellow  liquid,  first  described  by  Berthollet,  (^Ann.  de 
Chim.^  XXV.,)  formed  by  dropping  a strong  solution  of  persulpiiuret  of 
potassium  into  dilute  hydrochloric  acid  (see  Sulphurd,s  of  Potassium) . 
If  the  acid  be  dropped  into  the  sulphuretted  solution,  sulphuretted  hydro- 
gen escapes,  and  sulphur  is  precipitated;  but  proceeding  as  above  directed, 
the  greater  part  of  the  sulphur  remains  united  to  the  hydrogen,  and  a 
peculiar  yellow  liquid  is  the  result.  The  success  of  the  experiment 
depends  much  upon  the  state  of  concentration  of  the  alkaline  solution, 
which  should  neither  be  too  strong  nor  too  dilute,  and  should  be  slightly 
warm,  and  stirred  during  the  mixture. 

Persulphuret  of  hydrogen  may  also  be  obtained  by  boiling  1 part  of 
slaked  lime  and  2 of  flowers  of  sulphur,  in  15  parts  of  water,  for  about 
half  an  hour;  when  cold,  the  supernatant  brown  liquor  (containing  hydro- 
sulphuret  of  lime,  with  excess  of  sulphur)  is  to  be  poured  off,  and  gradu- 
ally added  to  hydrochloric  acid,  either  of  its  usual  strength,  or  diluted 
with  its  bulk  of  water,  taking  care  to  have  excess  of  acid,  and  to  stir  the 
mixture  after  each  addition.  Under  these  circumstances  some  sulphur  is 
precipitated,  and  the  sulphuretted  hydrogen  is  not  evolved,  but  unites 
to  an  additional  proportion  of  sulphur  to  form  the  persulphuret,  which 
gradually  subsides  in  the  form  of  a yellow  viscid  fluid,  which  may  be  kept 
for  some  days  in  the  acid  liquor,  or  in  dilute  hydrochloric  acid.  Its  spe- 
cific gravity  is  about  1*7.  Its  odor  is  pungent  and  irritating ; its  taste 
sweetish  and  bitter.  It  is  often  involved  in  a coating  of  sulphur,  from 
which  it  may  be  squeezed  out  b}^  gentle  pressure  with  a glass  rod.  In 
water  it  is  slowly  resolved  into  sulphur  and  sulphuretted  hydrogen,  and 
more  rapidly  by  alkaline  solutions.  At  212°  it  is  rapidly  decomposed. 
Oxide  of  gold  or  silver  is  immediately  reduced  by  it  with  slight  explo- 
sion and  incandescence.  Other  substances,  such  as  the  metals,  silica, 
and  the  alkaline  earths,  decompose  it,  without  themselves  suffering 
change.  Thenard  (A?i?2.  Ch.  et  Ph.,  XLviii.  79,)  suggests  an  analogy 
between  it  and  peroxide  of  hydrogen,  in  consequence  of  its  possessing 
slight  bleaching  power,  and  producing  a white  spot  upon  the  skin.  Its 
composition  has  not  been  accurately  determined,  but  from  the  mode  of  its 
formation  it  is  by  some  regarded  as  a pentasulphuret  of  hydrogen : FISs. 
Thus,  in  its  formation,  by  adding  solution  of  pentasulphuret  of  potassium 
to  hydrochloric  acid,  the  following  formula  may  represent  the  change: 
KS5  + HOlrr  KC1  + HSs.  L.  Gmelin  observes,  in  reference  to  the  solu- 
tions from  which  this  compound  is  precipitated,  that  they  may  either 
contain  it  in  combination  with  an  alkali,  or  that  they  may  be  regarded  as 
holding  a pentasulphuret:  thus,  when  pentasulphuret  of  potassium  is 
dissolved  in  water,  we  have  (KSs  + HO  — KO,HS5);  or  when  sulphur  is 
digested  in  a solution  of  a protosulphuret  so  that  4 atoms  of  it  are  dis- 
solved (KS  + 4S=rKS5;  or  KO,HSH- 4 S=KO,HS5.)  When  sulphur 
is  boiled  with  an  aqueous  solution  of  a fixed  alkali,  or  with  lime,  a hvpo- 
sulphite  is  at  the  same  time  formed:  thus,  3 CaO -fi  12S  = 2CaS5-l- 
Ca0,S202  : or  3 CaO  + 12  S-1-2  HO^  2 CaO,HS5 -f  Ca0,S202. 

Sulphur  and  Nitrogen.  Tersulphuret  of  Nitrogen.  NSs.  By 
the  action  of  chloride  of  sulphur  on  dry  ammonia,  an  ammonio-chloride 
of  sulphur  is  formed  = 2 NH3,SC1,  which  is  resolved  by  cold  water  into 
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liydroclil orate,  and  hyposulphite  of  ammonia,  and  sulphiiret  of  nitrogen: 
the  latter  is  a greenish-yellow  powder,  which  is  to  be  edulcorated  with 
cold  water,  then  washed  with  alcohol,  pressed  in  filtering  paper,  and 
rapidly  dried  in  vacuo  over  sulphuric  acid.  It  may  he  obtained  crystal- 
lised from  its  solution  in  ether:  it  is  inodorous  and  nearly  tasteless.  By 
heat  it  is  resolved  into  nitrogen  and  sulphur.  By  water  it  is  gradually 
changed  into  hyposulphurous  acid  and  ammonia.  (2NS3-i-6HO  = 
2 NH3 -f  3 S2O2.)  (SouBEiRAN,  Ch.  et  Ph.^  Lxvii.  7E)  “When 

aqua  ammonife  acts  on  chloride  of  sulphur,  a variety  of  products  are 
formed;  among  which  is  one,  a white  crystallisahle  solid  soluble  in  alco- 
hol, which  appears  to  consist  chiefly  of  sulphur  and  nitrogen:  its  nature 
is  not  yet  ascertained,  but  it  is  distinguished  by  the  property  of  dissolving 
in  an  alcoholic  solution  of  potassa,  with  a deep  purple  color,  which  soon 
disappears,  while  ammonia  is  given  off  and  crystals  of  hyposulphite  of 
potassa  are  deposited.”  (Gregory.)  The  composition  of  the  sulphuret 
described  by  Soubeiran,  appears  to  be 


Sulplmr  

3 

..  . 48  ... 

22-58 

Nitrogen 

1 

....  14  ... 

77*42 

Tersulphuret  of  nitrogen  

1 

62 

100*00 

Chlorosulphuret  of  Nitrogen.  NS4,C1,  or  NS3,  SCI.  This  com- 
pound is  obtained  mixed  with  sal-ammoniac  by  exposing  the  combination 
of  1 atom  of  ammonia  and  1 of  chloride  of  sulphur  for  some  hours  to  a 
heat  of  212°.  4 [NIl3,SCl]  =3  [NH4,C1]  + NS4,C1.  It  has  a peculiar 
odor,  and  at  higher  temperature  is  resolved  into  sal-ammoniac,  nitrogen, 
chloride  of  sulphur,  and  sulphur.  NS4C1  = N -h  S2CI + 2 S.  (Soubeiran, 
Aim.  Ch.  et  Pk.,  LXvii.) 

§ IX.  PHOSPHORUS.  P.  32. 

Phosphorus,  so  termed  from  its  property  of  shining  in  the  dark,  (from 
(^u)S',  light,  and  cpepeiv,  to  hear,)  occurs  in  the  three  kingdoms  of  nature, 
but  most  abundantly  as  a component  of  the  bones  and  in  the  urine  of  the 
higher  orders  of  animals:  it  is  almost  always  present  as  phosphoric  acid, 
combined  with  various  bases.  It  was  discovered  in  1669  by  Brandt,  a 
merchant  of  Hamburg;  he  obtained  it  whilst  attempting  to  extract  from 
urine  a liquid  capable  of  converting  silver  into  gold.  (Homberg,  Mhn. 
Par.,  X.  84.)  Kunckel,  a German  chemist,  aware  of  the  source  whence 
it  was  obtained,  imparted  the  secret  to  Kraft  of  Dresden,  who  repaired  to 
Hamburg  to  learn  the  details  of  the  process,  for  which  he  paid  Brandt 
two  hundred  dollars;  but  in  the  mean  time  Kunckel  {Lahoi'atormm 
Chemictmi,  Hamb.,  171^,)  prepared  and  described  it,  and  was  therefore 
considered  as  one  of  its  discoverers.  In  1 680  an  account  of  it  Avas  pub- 
lished in  the  Phil.  Trans.,  and  it  became  knoivn  under  the  name  of 
English  Phosphorus,  in  consequence  of  the  large  quantities  of  it  prepared 
in  London,  under  the  direction  of  the  celebrated  Boyle,  by  liis  assistant, 
Godfrey  Hankwitz^.  In  1737  ^ process  for  its  prejiaration  was  sold  by 


* The  founder  of  the  Chemical  Esta- 
blishment, long  known  as  “ Godfrey’s,” 
in  Southampton  Street,  Covent  Garden.  I 
have  a print  of  this  Chemist,  by  Vertue, 
which,  it  is  said,  he  presented  to  his 


customers  on  taking  leave  of  them  to  sel 
})hosphorus  abroad : he  is  surrounded  with 
the  a})paratus  used  in  preparing  it.  Boyle 
described  the  process  in  a little  work,  en- 
titled Aerial  Noctiluca. 
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a stranger,  to  the  French  government,  an  account  of  which  was  published 
by  Hellot.  {Mhn.  de  I’Acad.,  1737-)  R was  tedious  and  disgusting: 
from  five  (muids)  hogsheads  of  urine  38  pounds  of  residue  were  obtained 
by  evaporation,  and  this,  by  four  distillations,  yielded  at  most  4 ounces 
of  phosphorus.  The  process  was  improved  by  Margraff,  Gahn,  and  Scheele, 
and  afterwards  by  Fourcroy  and  Vauquelin. 

Since  the  introduction  of  Lucifer 
matches  the  consumption  of  phosphorus 
has  enormously  increased,  and  it  is  largely 
prepared  in  London,  Paris,  and  various 
parts  of  Germany.  “ It  is  computed  that 
in  Paris  200,000 lbs.  of  phosphorus  are 
obtained  annually.”  (Kane.) 

Phosphorus  may  be  obtained  on  the 
small  scale,  by  distilling  phosphoric  acid, 
previously  fused  with  one-fourth  its  weight 
of  powdered  charcoal,  in  the  open  fire. 
This  mixture  is  pulverized  and  put  into 
a coated  green-glass  or  stone -ware  retort 
a (fig.  289),  placed  in  the  furnace  b;  the 
tube  of  the  retort  should  be  immersed 
about  half  an  inch  into  the  basin  of 
water  c.  A quantity  of  gas  escapes,  some 
of  w’hich  is  spontaneously  inflammable, 
and  when  the  retort  has  obtained  a bright 
red  heat,  a substance  looking  like  wax,  of 
a reddish  color,  begins  to  pass  over.  This, 
w'hich  is  impure  phosphorus,  may  be  ren- 
dered pure  by  melting  it  under  warm  water,  and  squeezing  it  through  a 
piece  of  fine  shamoy  leather;  but  great  care  must  be  taken  that  none 
adheres  to  the  nails  or  fingers,  as  it  would  inflame  on  taking  them  out  of 
the  water,  and  produce  a painful  and  troublesome  burn.  In  perform- 
ing this  distillation,  a high  temperature  is  required,  so  that  the  furnace 
should  be  sufficiently  capacious  to  hold  a body  of  coke  or  charcoal  piled 
up  above  the  retort,  which,  especially  if  of  eartheiiAvare,  (which  becomes 
permeable  to  the  vapor  of  phosphorus,  at  a red  heat,)  must  be  coated 
with  a mixture  of  slaked  lime  and  solution  of  borax;  this  mixture  may 
be  laid  on  with  a brush,  in  two  or  three  successive  coats,  and  forms  an 
excellent  vitrifiable  lute. 

Phosphorus  may  also  be  obtained  by  adding  solution  of  nitrate  of  lead 
or  nitrate  of  mercury  to  urine,  collecting,  washing,  and  drying  the  preci- 
pitate, and  distilling  it,  as  above,  with  a fourth  its  weight  of  powdered 
charcoal.  These  precipitates  are  impure  phosphates  of  lead  and  mercury; 
the  latter  is  the  easiest  of  decomposition. 

Upon  the  large  scale,  phosphorus  is  most  economical!}^  procured 
from  the  superphosphate  of  lime  obtained  by  acting  upon  powdered  bone 
earth  by  dilute  sulphuric  acid.  The  following  is  the  mode  of  2:)ro- 
ceeding : 

On  twenty  pounds  of  calcined  hone,  finely  powdered,  pour  twenty 
quarts  of  water,  and  eight  pounds  of  sulphuric  acid,  previously  diluted 
with  an  equal  weight  of  water.  Let  these  materials  be  stirred  together, 
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and  simmered  for  about  six  liours.  Let  the  uliole  be  then  put  into  a co- 
nical bag  of  linen  to  separate  the  clear  liquor,  and  rvash  the  residuum  till 
the  water  ceases  to  taste  acid.  Evaporate  the  strained  liquor,  and  when 
reduced  to  about  half  its  bulk,  let  it  cool.  A ’white  sediment  will  form, 
which  must  he  allowed  to  subside;  the  clear  solution  must  be  decanted, 
and  boiled  to  dryness  in  a glass  vessel.  A white  mass  will  remain, 
which  may  be  fused  in  a platinum  crucible,  and  poured  out  into  a clean 
copper  dish.  A transparent  substance  is  thus  obtained,  consisting  of 
phosphoric  acid,  Avith  phosphate,  and  a little  sulphate  of  lime,  commonly 
knoAvn  under  the  name  of  glass  of  phospho7'us.  (See,  in  reference  to  this 
decomposition.  Phosphate  of  Lime?)  It  yields  phosphorus  when  distilled 
at  a bright  red  heat  Avith  charcoal,  in  the  way  above  described ; but  Avhen 
any  quantity  of  phosphorus  is  to  be  collected,  the  retort  should  be  very 
Avell  and  carefully  luted,  and  should  have  a Avide  neck  terminating  in  a 
copper  tube,  so  bent  as  to  dip  perpendicularly  into  a bottle  of  water, 
othei'Avise  it  Avill  be  apt  to  become  plugged  up  by  congealed  phosphorus. 
The  phosphorus  is  generally  sufficiently  purified  by  fusing  it  in  hot  Avater, 
and  Avhen  cold,  cutting  it  into  small  pieces,  AAdiich  are  put  Avith  Avater  into 
a slightly  conical  glass  tube,  and  fused  by  immersion  in  hot  AAmter:  on 
cooling,  the  phosphorus  is  Avithdrawn  in  the  form  of  a stick.  (See  also  an 
apparatus  for  giving  the  stick  form  to  phosphorus  described  in  Pharml. 
Journ.^  iv.  129.)  If  the  phosphorus  is  much  discolored,  it  may  he  cleansed 
by  fusing  it  first  in  Avarm  caustic  ammonia,  and  then  in  alcohol. 

AYohler  recommends  instead  of  the  preceding  process,  to  calcine  2 
parts  of  ivory-black  (avIucIi  is  a mixture  of  phosphate  of  lime  and  char- 
coal), Avith  I of  fine  quartzy  sand,  and  a little  ordinary  charcoal,  in  cylin- 
ders of  fire-clay,  at  a very  high  temperature.  Each  C3diiider  has  a bent 
copper  tube  adapted  to  it,  one  branch  of  which  descends  into  a vessel 
containing  AA'ater.  The  efficiency  of  this  process  depends  upon  the  silica 
acting  as  an  acid  and  combining  Avith  the  lime  of  the  phosphate  at  a high 
temperature,  AA'hile  the  liberated  phosphoric  acid  is  decomposed  by  the 
carbon.  (Graham.) 

When  pure,  phosphorus  is  tasteless,  because  insoluble ; Avhen  in  solu- 
tion it  has  a sharp  nauseous  taste:  it  is  colorless,  or  of  a very  pale  buff 
color,  semitransparent,  and  flexible  at  common  temperatures,  but  at 
32°,  cr^'stalline  and  brittle.  It  is  also  rendered  brittle,  at  higher  tem- 
peratures, by  the  presence  of  less  than  a tAvo-huiidredth  part  of  sul- 
phur. Exposed  to  air  it  exhales  luminous  fumes,  having  a peculiar  odor, 
distantly  resembling  that  of  garlic.  Its  specific  gravity  is  ]’9  to  2.  Its 
specific  heat,  as  ascertained,  apparently  Avith  accuracy,  by  Regnault,  is 
0T887,  but  Dulong  and  Petit  give  0*385  as  the  average  result  of  their 
experiments.  (A?in.  Ch.  et  Ph.^  Lxxiii.  55.)  It  is  a non-conductor  of 
electricity  both  in  its  solid  and  fluid  state.  (Faraday.)  According  to 
Knox,  fused  phosphorus  transmits  the  electricity  of  60  pair  of  zinc 
plates.  (Phil.  Mag.^  xvi.  188.)  It  is  insoluble  in  Avater,  but  it  dissolves 
sparingly  in  absolute  alcohol,  in  ether,  oils,  naphtha  (and  most  of  the 
liquid  hydrocarbons)  and  abundantly  in  sulphuret  of  carbon ; the  chlo- 
rides of  sulphur  and  of  phosphorus  also  dissolve  it.  By  sloAvly  cooling 
some  of  its  hot  saturated  solutions,  it  may  be  obtained  in  rhombic  dode- 
cahedrons. When  fused  Avith  about  half  its  Aveight  of  sulphur  and  gra- 
duall}^  cooled,  part  of  the  phosphorus  separates  in  crystals.  (Mitsciier- 
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Licii,  Ann.  CIi.  et  Ph.,  xxiv.  270.)  It  melts,  ’wlieii  air  is  excliidetl,  at 
about  110°,  undergoing  a remarkable  dilatation  ofO‘031  of  its  volume: 
it  is  very  brittle  at  a temperature  of  94°.  (J.  Davy,  Ed.  Phil.  Journ..,  vi. 
130.)  If  suddenly  cooled  to  32°,  after  having  been  heated  to  140°,  it 
sometimes  becomes  black  (Thenard)  ; but  if  slowly  cooled,  always 
remains  colorless.  “ When  fused  and  left  undisturbed,  it  sometimes 
remains  liquid  for  hours  at  the  usual  temperature,  particularly  when 
covered  by  an  alkaline  liquid.”  (Graham.)  Under  these  circumstances 
its  temperature  suddenly  rises  in  the  act  of  solidification  to  about  100°. 
(Dumas.)  At  550°  (Dalton,)  572°  (Gregory,)  it  boils  and  evapo- 
rates in  the  form  of  colorless  vapor,  the  density  of  which,  according  to 
Dumas,  is  4‘355.  But  phosphorus  evaporates,  especially  if  in  contact 
with  moisture,  at  a much  lower  temperature.  The  volatility  of  phospho- 
rus in  conjunction  with  aqueous  vapor  is  shown  by  boiling  a flask  of 
Avater  containing  a piece  of  phosphorus,  over  a lamp ; the  vapof,  as  it 
issues  from  the  flask,  is  luminous  in  a dark  room.  It  has  been  used  in 
medicine  in  very  small  doses : it  acts  as  a powerful  and  diffusible  stimu- 
lant, exciting  the  nervous,  vascular,  and  secreting  organs;  in  larger  doses 
it  causes  vomiting,  purging,  and  inflammation  of  the  stomach  and  bowels: 
its  activity  depends,  according  to  Orfila,  on  its  absorbing  oxygen,  and 
becoming  converted  into  an  acid,  which  acts  like  other  mineral  acids,  as 
a corrosive.  Instances  are  on  record  in  which  a grain  and  a half,  and 
3 grains,  have  proved  fatal  (Christison);  but  on  the  other  hand  it  is 
said,  that  from  6 to  12  grains  have  been  swallowed  without  hurtful 
effects.  “I  once  administered  16  grains  of  apparently  good  phosphorus 
to  a man  Avithout  any  injurious  effect.  The  person  here  alluded  to,  wns 
Chabert,  some  years  ago  renoAvned  in  London  as  the  ‘ Eire  King.’  I 
carefully  Aveighed  the  above  quantity,  Avhich  was  placed  in  a spoon,  intro- 
duced into  his  mouth,  and  Avashed  doAvn  by  a tumblerful  of  Avater.  He 
offered  to  take  the  dose  daily.  Within  ten  minutes  after  SAvallowing  the 
phosphorus  he  left  the  room  for  a quarter  of  an  hour.”  (Pereira,  Mat. 
Med.)  In  all  probability,  during  his  absence  from  the  room,  he  gotTid 
of  the  phosphorus  by  vomiting. 

The  redistillation  of  phosphorus  is  sometimes  resorted  to  for  the  pur- 
pose of  purification,  but  the  process  is  troublesome,  and  as  far  as  arsenic 
is  concerned  ineffective,  for  that  substance  goes  over  along  with  the 
phosphorus.  Dr.  Henry  gives  the  following  directions  for  it : “ The 

proper  quantity  of  phosphorus  should  first  be  put  into  the  retort,  Avith  a 
sufficient  portion  of  Avater  to  cover  it.  The  water  must  then  be  made 
hot  enough  to  melt  the  phosphorus,  Avhich,  on  cooling,  forms  a mass,  of 
the  shape  of  the  bottom  of  the  retort.  When  cold,  fill  the  retort  Avith 
Avater,  and  invert  it  in  water.  Displace  the  Avater  by  hydrogen  gas,  forced 
from  a bladder  through  a bent  pipe;  keep  the  finger  on  the  open  end  of 
the  retort  neck  ; place  it  in  a sand-bath ; and  immerse  the  mouth  of  it  in 
water.  Then  apply  heat  very  cautiously.  A bladder  should  also  be 
provided,  furnished  with  a stop-cock  and  pipe,  and  filled  AAuth  hydrogen. 
During  the  distillation,  the  gas  in  the  retort  is  absorbed,  and  it  is  neces- 
sary to  add  more  from  the  bladder,  otherAvise  the  AAmter  Avill  rush  into  the 
retort,  and  occasion  an  explosion.  By  distillation  in  this  mode,  phos- 
phorus is  rendered  much  purer.  In  the  neck  of  the  retort  a substance  is 
condensed  of  a beautiful  red  or  carmine  color,  Avhich  is  a combination  of 
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carbon  and  pliospborus,  or  a phosphuret  of  carhon!'  Thenard  observes 
that  phosphorus,  however  frequently  distilled,  cannot  be  freed  entirely 
from  carbon,  a minute  quantity  of  which  does  not  impair  its  color  or 
transparency. 

AVittstock  found  in  a scruple  of  commercial  phosphorus^  as  mucli  as 
per  cent,  of  arsenic  : it  was  entirely  soluble  in  sulphuret  of  carbon, 
but  soon  deposited  a red  sediment,  consisting  of  sulphuret  of  arsenic  and 
oxide  of  phosphorus.  {Poggcnd.  126.)  The  arsenic  is  recog- 

nised by  digestion  in  nitric  acid,  Avhich  acidifies  it,  and  it  may  then  be 
detected  b\'  sulphuretted  hydrogen.  Bismuth,  lead,  iron,  copper,  and  espe- 
cially antimony,  have  also  been  found  in  the  phosphorus  of  commerce. 

Retained  for  some  time  immersed  in  Avater,  phosphorus  decomposes 
it;  oxide  of  phosphorus,  and  phosphorous  and  phosphoric  acids  are 
formed,  and  phosphuretted  hydrogen  is  emitted.  Phillips  has  observed 
that  these  changes  are  most  rapid  Avhen  light  has  free  access. 

v.)  The  nature  of  the  AA'hite  crust  Avhich  envelops  phosphorus 
that  has  long  been  preserved  under  Avater,  has,  hovA^ever,  not  been  accu- 
rately ascertained.  Rose  regards  it  as  merely  an  altered  state  of  aggre- 
gation. According  to  Pelouze  it  is  a hydrate.  {Ann.  Ch.  et  P/^.,  l.  83.) 
A stick  of  phosphorus  exposed  by  partial  immersion  to  the  joint  action  of 
air  and  Avater  gradually  runs  doAvii  into  the  acids  of  phosphorus,  Avhich 
are  found  dissolved  in  the  Avater.  According  to  Berzelius,  light,  and 
especially  violet  light,  has  the  peculiar  effect  of  reddening  phosphorus 
under  Avhatever  circumstances  it  is  exposed  to  its  Influence;  in  nitrogen 
gas,  the  concentrated  solar  rays  readily  fuse  it,  but  in  hydrogen  and  in 
vacuo,  they  cause  it  to  sublime  in  red  scales. 

There  are  several  peculiar  circumstances  respecting  the  luminosity 
and  inflammability  of  phosphorus.  AVhen  exposed  to  the  air  at  temper- 
atures above  the  freezing-point,  it  shines  in  the  dark  Avith  a pale  blue 
light,  Avhich  increases  in  intensity  Avith  the  temperature.  This  arises 
from  slow  combustion,  attended  by  the  production  of  acid:  it  ceases  in 
close  vessels  as  soon  as  the  greater  part  of  the  oxygen  has  been  absorbed; 
and  it  is  said  not  to  take  place  AAdien  the  air  has  been  artificially  dried: 
in  this  case  the  formation  of  phosphorous  acid  seems  to  be  prevented.  In 
pure  oxygen,  phosphorus  is  not  luminous  till  heated  to  hetween  70°  and 
80°,  above  Avhich  it  becomes  A^ery  luminous,  and  soon  inflames.  Oxygen, 
and  most  other  gases,  in  Avhich  phosphorus  has  been  immersed,  acquire 
its  odor,  and  Avhen  mixed  with  air  become  slightly  luminous.  According 
to  Dr.  Henry,  if  a piece  of  phosphorus  be  introduced  into  a vessel  of 
oxygen  gas  over  mercury,  at  a temperature  not  exceeding  80°,  no  per- 
ceptible absorption  Avill  happen  in  tAventy-four  hours ; but  if,  the  temper- 
ature remaining  the  same,  the  pressure  be  diminished  to  one-eighth  or 
one-tenth  that  of  the  atmosphere,  the  phosphorus  Avill  be  surrounded 
Avith  Avhite  vnpors,  Avill  become  luminous  in  the  dark,  and  Avill  absorb 
oxygen.  Under  ordinary  pressures,  a higher  temperature  is  required  for 
this  effect;  but  if  the  density  of  the  oxygen  be  reduced  in  the  above  pro- 
portion by  mixing  it  Avith  nitrogen,  hydrogen,  or  carbonic  acid,  the 
phosphorus  becomes  luminous.  Graham  has  shown  that  the  slow  com- 
bustion of  phosphorus  in  air,  is  prevented  by  very  small  additions  of  cer- 
tain gases  and  Anpors.  {Cin^art.  Journ..,  'N.S.^  vol.  vi.  p.  83.)  Thus  at 
the  temperature  68°  it  is  entirely  prevented  by  one  A'^olume  of  olefiant 
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gas  in  450  volumes  of  air,  Ly  one  volume  of  etlier  vapor  in  150  volumes 
of  air,  by  one  volume  of  naphtha  vapor  in  1820,  and  of  oil  of  turpentine 
vapor  in  4444  volumes  of  air.  This  influence  is  not  confined  to  low 
temperatures,  for  a certain  admixture  of  the  above  vapors  will  even  pre- 
vent the  oxidation  of  phosphorus  at  200° ; but  on  allowing  such  gaseous 
mixtures  to  expand,  by  diminishing  the  pressure  upon  them,  the  phos- 
phorus becomes  luminous,  and  the  proportion  of  foreign  gas  required  to 
prevent  oxidation  or  slow  combustion  must  be  much  increased.  “ The 
only  explanation,'’  Mr.  Graham  observes,  "^‘of  this  phenomenon  which 
can  be  offered,  is  that  the  gases  which  exert  this  influence  have  an  attrac- 
tion for  oxygen,  and  there  is  reason  to  believe  are  themselves  undergoing 
a slow  oxidation  at  the  same  time.  Now  when  two  oxidable  bodies  are 
in  contact,  one  of  them  often  takes  precedence  in  combining  with  oxygen 
to  the  entire  exclusion  of  the  other.  Potassium  is  defended  from  oxida- 
tion in  air  by  the  same  vapors,  though  to  a less  degree.” 

In  the  vacuum  of  the  air-pump,  phosphorus  in  small  pieces,  loosely 
enveloped  in  cotton,  will  generally  inflame  and  burn  for  a time  with  a pale 
light:  under  the  same  circumstances  it  more  readily  kindles  if  sprinkled 
with  powdered  resin  or  sulj)hur;  alone  it  does  not  inflame.  When  a stick 
of  phosphorus  is  sprinkled  with  lamp-black,  or  powdered  animal  charcoal, 
it  is  also  apt  to  inflame;  and,  what  is  curious,  when  very  thin  slices  of 
phosphorus  are  placed  upon  flannel,  wool,  lint,  fine  feathers,  or  other 
downy  and  flocculent  substances,  they  fuse  and  readily  inflame  upon  the 
gentlest  friction.  It  seems  as  if  the  slow  combustion  of  the  phosphorus 
produced  heat  enough  to  fuse  it  whilst  lying  upon  a very  bad  conductor. 
If  several  pieces  of  phosphorus  be  placed  upon  each  other,  they  are  also 
apt  to  inflame.  Berzelius  remarks,  that  the  water  in  which  phosphorus 
has  been  kept  in  perfectly  closed  vessels,  acquires  a luminous  property 
when  agitated;  this  is  not  the  case  when  air  has  access. 

The  actual  temperature  at  which  phosphorus  inflames  has  been  vari- 
ously stated.  According  to  Dr.  Higgins,  when  perfectly  dry,  a temper- 
ature of  60°  is  sufiicient.  It  easily  takes  fire  by  the  heat  of  the  hand  and 
slight  friction,  or  when  rubbed  upon  a piece  of  coarse  paper:  it  requires 
therefore  to  be  handled  and  wiped  with  the  utmost  caution.  Owing  to 
the  superficial  formation  of  phosphorous  and  phosphoric  acid,  when  it 
burns  imperfectly  at  low  temperatures,  its  further  combustion  is  often 
prevented : thus,  in  rubbing  a fragment  of  phosphorus  between  two 
pieces  of  brown  paper,  a momentary  combustion  often  ensues,  and  it 
requires  considerable  friction  to  cause  it  again  to  inflame  ; for  the  same 
reason  it  is  very  diflicult  to  light  a piece  of  paper  by  the  flame  of  phos- 
phorus, for  the  paper  becomes  covered  and  protected  by  the  acid.  So 
also  small  pieces  of  phosphorus  may  be  fused  by  the  gradual  application 
of  heat,  but  will  not  inflame  till  the  surface  is  disturbed  by  touching  it 
with  a wire. 

AYlien  in  brilliant  combustion  in  the  air,  phosphorus  throws  olf  copi- 
ous fumes  of  phosphoric  acid,  and  its  flame  is  intensely  luminous  (p.  127); 
but  if  it  be  heated  in  a confined  portion  of  very  rare  air,  it  enters  into 
less  perfect  combustion,  and  three  compounds  of  phosphorus  with  oxygen 
are  the  result,  each  characterized  by  distinct  properties.  The  first  is  a 
red  solid,  less  fusible  than  phosphorus;  the  second  a white  substance, 
more  volatile  than  phosphorus;  the  third,  a white  and  more  fixed  body. 
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The  red  solid  consists  of  a mixture  of  phosphorus  and  oxide  of  phos- 
phorus. A somewhat  similar  mixture  may  be  obtained  by  putting  a 
piece  of  phosphorus  into  a small  phial,  and  melting  and  stirring  it  about 
by  a hot  wire,  so  as  to  line  the  interior ; a little  of  it  taken  out  upon  the 
end  of  a sulphur  match  presently  inflames;  and  if  the  phial  be  kept  well 
closed,  it  may  be  thus  used  for  many  months  without  deterioration,  and 
forms  a simple  and  convenient  source  of  instantaneous  light.  (Niciiol- 
sox’s  Journ.^  vi.  134.) 

The  different  products  of  the  combustion  of  phosphorus  are  well 
shown  by  heating  a fragment  of  it  placed  near  the  centre  of  a thin  glass 
tube  of  about  a fourth  of  an  inch  diameter,  and  three  or  four  feet  long, 
and  then  gently  driving  a current  of  air  through  the  tube ; the  fixed  and 
volatile  acids,  and  the  red  oxide,  are  in  this  way  distinctly  separated. 

The  equivalent  of  phosphorus  formerly  adopted,  was  16  (15‘7  Berze- 
lius. Turner.  Gregory.)  ; but  the  number  31*44,  adopted  by  Graham  and 
by  Gmelin,  may  more  properly  be  said  to  represent  its  least  combining 
quantity.  I shall  use  the  number  32  as  sufficiently  agreeing  with  the  best 
analyses  of  its  combinations,  the  peculiarities  of  the  atomic  constitution  of 
which  wall  be  seen  from  the  following  table  of  its  compounds  wdth  oxygen. 


Oxide  of  phosphoTiTS  P2O 

llypophosphorous  acid PO 

Phosphorous  acid PO3 

Phosphoric  acid PO5 


Oxide  of  Phosphorus,  P2O,  is  formed  by  throwing  a jet  of  oxygen 
gas  into  phosphorus  fused  under  hot  water;  vivid  combustion  ensues, 
phosphoric  acid  is  formed,  and  at  the  same  time  a red  pulverulent 
oxide  deposited,  which  is  freed  from  water  and  unoxidized  phosphorus 
by  heating  it  in  a retort ; it  is  then  again  wmshed  and  dried  in  vacuo 
over  sulphuric  acid.  It  is  insoluble  in  ’svater,  ether,  alcohol,  and  oils ; 
difficultly  inflammable  when  heated  in  the  air,  but  instantly  burns  upon 
contact  of  nitric  acid. 

According  to  Le  Yerrier,  a definite  oxide  of  phosphorus  is  obtained 
by  exposing  small  fragments  of  phosphorus,  covered  by  the  liquid  chloride 
of  phosphorus,  to  the  action  of  air  : phosphorous  and  phosphoric  acids 
are  formed,  and  at  the  same  time  a yellowish  substance,  which  he  regards 
as  a phosphate  of  the  oxide  of  phosphorus,  and  which  yields  a yellow 
solution  with  water.  At  a temperature  of  about  176°  this  solution  is 
decomposed,  and  a yellow  flocculent  substance  subsides,  wdiich  is  a 
hydrated  oxide  of  phosphorus,  but  which,  when  dried  in  vacuo  over 
sulphuric  acid,  loses  its  combined  water.  In  this  state  it  is  a yellow 
powder  insoluble  in  water,  alcohol,  and  ether.  It  resists  a temperature 
of  570°  without  decomposition,  but  acquires  a red  color : it  does  not 
burn  till  heated  somewhat  l)eyond  the  boiling  point  of  mercury. 
(Pelouze,  Ch.  et  Ph.,  l.  83.  Leverrier,  ibid.  lxv.  257-) 

Leverrier.  Pelouze. 

Phosphorus  2 ....  G4  ....  88*8  ....  88’64  ....  85'5 

Oxygen  1 ....  8 ....  11*2  ....  11'3G  ....  14'5 

Oxide  of  phosphorus  1 72  lOO’O  100*00  100*0 

Hypophosphorous  Acid.  PO.  was  discovered  by  Dulong  in  1816. 
(^Ann.  Ch.  ei  Ph.,  ii.  141.)  It  is  ^irepared  as  follows:  Upon  1 part  of 
You.  I.  2 E 
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pliosphiirei  of  barium  pour  4 parts  of  ^vater,  and  when  tlie  evolution  of 
phosphurettecl  hydrogen  gas  has  ceased,  pour  the  whole  upon  a filter. 
To  the  filtered  liquid  add  sulphuric  acid  as  loug  as  any  precipitate  forms: 
separate  the  precipitate,  which  is  sulphate  of  baryta,  and  the  clear  liquor 
now  contains  the  hypophosphorous  acid  in  solution.  When  concentrated 
by  evaporation,  a sour  viscid  liquid  is  obtained,  incapable  of  crystalliza- 
tion, and  eagerly  attractive  of  oxygen. 

Rose  obtained  hypophosphorous  acid  by  boiling  hydrate  of  baryta 
with  water  and  phosj)horus,  till  all  garlic  odor  ceased,  filtering  the  liquid 
and  decomposing  it  by  excess  of  sulphuric  acid ; separating  the  precipi- 
tate, and  digesting  the  clear  fluid  for  a short  time  with  excess  of  oxide  of 
lead;  then  filtering  the  solution  of  Jiypophosphiie  of  lead  from  the  sul- 
phate of  lead,  and  decomposing  it  by  a current  of  sulphuretted  hydrogen. 
The  acid,  freed  from  the  preci23itated  sulphuret  of  lead,  was  concentrated 
until  of  sufficient  strength.  (Poggend.  Joiirn.^  ix.  and  xii.)  It  is  of  the 
consistence  of  syrup,  uncrystallizable,  and  very  sour : it  has  not  been 
obtained  free  from  water:  the  elements  of  the  anhydrous  acid  are 


H.  Rose.  Dulong. 

Phosphorus 1 ....  32  ....  80  ....  70-69  ....  73-4 

Oxygen  1 ....  8 ....  20  ....  20-31  ....  26-G 


Anhydrous  hypophosphorous  acid  ....  1 40  100  lOO'OO  100  0 

In  a memoir  on  the  acids  of  phosphorus,  by  Wurtz,  {Ann.  Ch.  et  Pli..^ 
January,  1843,)  this  acid  is  regarded  as  containing  hydrogen  as  an 
essential  element;  he  represents  it  by  the  formula  PId2,03  (r=  PO,2IIO); 
and  in  reference  to  this  view  of  its  constitution,  the  hijpophosphites  have 
the  formula  MO  + PH2,03  (instead  of  MO,PO,  P 2110.)  These  views  are 
opposed  by  II.  Rose,  {A?in.  Ch.  el  Ph..,  Jul}",  1843) ; but  his  objections 
are  replied  to  by  Wurtz  in  a second  memoir  {Ann.  Ch.  et  Ph.^  February, 
1846,)  in  which  he  adduces  additional  evidence  in  favor  of  his  former 
hypothesis,  founded  upon  a series  of  analyses  of  the  hypophosphites. 

When  hydrated  hypophosphorous  acid  is  heated,  it  is  decomposed 
with  the  evolution  of  phosphuretted  hydrogen,  and  phosphoric  acid  is  the 
residue;  2PO, + 3HOr=rPH3 -fPOs.  It  is  a powerful  deoxidizing  agent. 
In  combination  with  bases  it  forms  hypophosphites ; they  are  soluble  in 
water,  and  many  of  them  in  alcohol ; they  are  decomposed  by  a red  heat: 
they  are  mostly  deliquescent  and  uncrystallizable.  (Duloxg.) 

Hypophosphite  of  Ammonia.  This  salt  is  extremelv  soluble,  deli- 
quescent,  difficultly  crystallizable,  and  soluble  in  alcohol.  When  heated 
ammonia  is  evolved  and  hydrated  hypophosphorous  acid  remains,  -which 
is  decomposed  when  more  highly  heated.  (II.  Rose,  Poggend.  xii.,  85.) 
Wurtz  obtains  this  salt  by  the  action  of  hypophosphite  of  baryta  on 
sulphate  of  ammonia:  it  crystallizes  in  irregular  hexagonal  tables  perma- 
nent at  212°;  it  fuses  without  loss  of  Avater  at  about  320°,  and  concretes 
into  a crystalline  mass  on  cooling:  at  about  464°  it  is  decomposed  with 
the  evolution  of  phosphuretted  hydrogen  and  a little  water;  its  formula 
is  Nll3,P0,3H0  = NIl40,Pll2  03.  {Ann.  Ch.  et  Ph.,  Feb.,  1846.) 

Phosphorous  Acid.  P03.  Ihe  volatile  white  substance  above  men- 
tioned as  one  of  the  products  of  the  combustion  of  phosphorus  in  rarefied 
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air,  consists  chiefly  of  this  acid  in  a dry  state  : by  burning  phosphorus  in 
a tul)e  ’with  very  limited  access  of  air,  and  caution  as  to  temperature,  as 
for  instance,  by  placing  a piece  of  phosphorus  near  one  end  of  a tube  three 
feet  long,  inflaming  it,  and  gently  propelling  air  through  tlie  tube,  it  may 
he  collected  in  the  form  of  a ’white  volatile  powder,  which,  when  exposed 
to  air,  rapidly  absorbs  moisture,  becomes  hot,  inflames,  and  burns  into 
phosphoric  acid.  Heated  in  close  vessels  it  gives  off  phosphorus  and 
leaves  phosphoric  acid.  It  rapidly  dissolves  in  water,  has  a sour  taste, 
reddens  vegetable  blues,  and  combines  with  certain  of  the  salifiable  bases 
to  form  salts  called  phosphites.  When  acted  upon  by  such  of  the  metallic 
oxides  as  readily  part  with  their  oxygen,  it  is  converted  into  phosphoric 
acid. 

The  phosphorous  acid  in  combination  with  a definite  proportion  of 
water,  forming  what  Sir  H.  Davy  termed  hpdrophosphoroiis  acid^  is  ob- 
tained (I)  by  mixing  Lerchloride  of  phosphorus  with  water:  a mutual  decom- 
position of  the  liquids  ensues,  and  hydrochloric  acid  and  phosphorous 
acid  result;  the  former  is  easily  driven  olf  by  heat,  and,  on  carefully 
evaporating  the  remaining  solution,  a crystallizable  compound  is  obtained, 
of  a sour  taste,  and  very  soluble  in  w^ater,  which  by  heat  is  resolved  into 
phosphoric  acid  and  phosphuretted  hydrogen.  (2).  A current  of  chlorine 
passed  through  phosphorus  fused  under  hot  water,  first  converts  it  into 
a chloride,  which  afterwards  reacts  on  the  water : on  evaporation,  the 
hydrophosphorous  acid  remains. 

The  slow  and  spontaneous  combustion  of  phosphorus  in  a moist 
atmosphere,  as  when  phosphorus  is  suffered  to  deliquesce  upon  a funnel, 
is  attended  by  the  gradual  production  of  a sour  liquid,  which  appears 
to  be  a mixture  of  hydrated  phosphorous  and  phosphoric  acids.  Dulong 
termed  it  phosphatic  acid.  It  is  also  formed  by  subjecting  phosphorus 
to  the  joint  action  of  air  and  water:  and  if,  in  this  vvay,  the  access  of  air 
be  limited,  the  portion  of  the  phosphorus  exjDOsed  gradually  disappears, 
and  little  else  than  phosphorous  acid  is  found  in  solution. 

Anhydrous  phosphorous  acid  consists  of 

Dulong.  Davy.  Berzelius. 

Phosphorus  1 ....  32  ....  57‘14  ....  57‘18  ....  od  ....  56‘524 

Oxygen  3 ....  24  ....  42-3G  ....  42'82  ....  44  ....  43-47G 

Phosphorous  acid  1 5G  100*00  lOO'OO  100  100*000 

The  crystallized  hydrated  phosphorous  acid  contains  3 equivalents  of 
Avater:  = P03,3H0.  Wurtz  regards  it  as  containing  elementary  hjxlro- 
gen,  and  assigns  to  it  the  formula  PH04,2H0;  he  considers  it  as  a 
bibasic  acid,  and  represents  the  neutral  phosphites  by  the  formula  2 MO, 
PII04. 

The  noYmdX  phosphites  contain,  according  to  Graham,  3 atoms  of  base 
to  1 of  acid,  the  hydrated  acid  being  the  tribasic  phosphite  of  water. 
The  affinity  of  the  phosphorous  acid  for  bases  is  but  feeble,  and  it  acts  in 
many  cases  as  a reducing  agent  upon  metallic  oxides.  All  the  phosphites 
include  water,  and  when  sufficiently  heated,  are  resolved  into  hydrogen 
and  phosphates,  often  Avith  combustion.  At  common  temperatures  they 
do  not  absorb  oxygen  from  the  air,  l)ut  they  are  easily  convertible  into 
2)hosphates  by  nitric  acid,  and  other  oxidizers. 

Phosphite  of  Ammonia.  This  salt  is  obtained  in  deliquescent  pris- 
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niatic  crystals  by  saturating  phosphorous  acid  witli  carbonate  of  ammonia. 
When  heated  it  gives  out  ammonia,  and  leaves  phosphorous  acid  and 
water,  which,  on  the  further  application  of  heat,  is  decomposed,  and  hy- 
drated phosphoric  acid  remains.  (Rose,  Poggend.  ix.  28.)  Phosphite  of 
ammonia  cannot  be  dried  in  vacuo  without  loss  of  ammonia,  and  when 
heated  to  212°  it  loses,  besides  ammonia,  about  13  per  cent.,  or  two  equi- 
valents of  water.  Wurtz  represents  this  salt  hy  the  formula  PH 04, 
2 NH40  + 2 HO. 

Phosphoric  Acid.  P05.  Anhydrous  phosphoric  acid  can  only  be 
obtained  by  the  direct  combustion  of  phosphorus  in  excess  of  dry  oxygen; 
intense  heat  and  light  are  evolved,  and  white  deliquescent  flocculi  line 
the  interior  of  the  receiver.  It  is  produced  in  the  same  way  by  burning 
phosphorus  under  a dry  bell-glass  in  atmospheric  air.  For  this  purpose, 
a piece  of  phosphorus,  in  a platinum  or  porcelain  capsule,  may  he  placed 
upon  a plate  of  glass,  and  covered  over  with  a tall  receiver ; when  in- 
flamed, it  burns  at  first  furiously,  but  the  combustion  gradually  subsides 
for  want  of  oxygen,  and  may  be  renewed  by  gently  lifting  the  receiver 
off  the  glass  plate:  thus  the  whole  of  the  phosphorus  may  be  gradually 
burned,  and  it  forms  a quantity  of  dense  smoke,  which  subsides  in  the 
form  of  white  flakes. 

For  the  preparation  of  this  anhydrous  phosphoric  acid  upon  a larger 
scale,  the  following  directions  are  given  by  Berzelius : Provide  a large 
tubulated  flask  a (fig.  290),  the  neck  of  which  is  fitted  by  a tight  cork, 
through  which  pass  two  tubes:  the  one  bc  of  porcelain,  reaching  to 


within  about  2 inches  of  the  bottom,  the  upper  end,  b,  being  fitted  with 
a cork,  and  having  attached  to  its  lower  end,  hy  platinum  wire,  the  small 
porcelain  cup  d : the  other  tube  E f is  of  glass  and  bent  as  shown  in  the 


PHOSPHORIC  ACID. 


421 


figure.  Another  glass  tube,  g ii,  is  introduced  air-tight  through  the  tuhu- 
lure  so  as  to  direct  a stream  of  air  into  the  cup  d,  the  other  end  being 
connected  with  a long  tube  filled  Avith  fragments  of  chloride  of  calcium 
or  other  material  fit  for  drying  the  ingressing  air.  The  end  e of  the 
upper  tube  is  connected  with  a larger  tube  i k,  the  other  end  of  which 
communicates  with  a sucking  apparatus;  (that  is,  with  the  upper  stop-cock 
c of  the  water-holder,  d,  as  shown  in  fig.  270,  p.  310)  in  this  way  fresh 
and  dried  air  is  draAvn  through  the  tube  g h into  the  phosphoric  acid 
apparatus,  and  passes  through  it  and  out  by  the  tube  e f,  a little  loose 
cotton  being  placed  before  the  cork  at  k.  The  flask  being  thus  filled 
Avith  dry  air,  pieces  of  Avell  dried  phosphorus  are  dropped  into  the  cup  d 
through  the  tube  B c,  Avhich  admits  of  their  being  inflamed  by  a hot  Avire 
or  glass  rod,  and  is  then  immediately  closed  by  its  cork : the  sucking 
apparatus  being  put  into  action,  the  phosphorus  burns  into  phosphoric  acid, 
and  fresh  portions  are  from  time  to  time  dropped  into  the  cup,  Avhich  is 
generally  hot  enough  to  ensure  their  inflammation  Avithout  the  aid  of  the 
hot  Avire.  The  phosphoric  acid  collects  in  the  flask,  and  any  portion 
AAdiich  passes  on  Avith  the  current  of  air,  is  stopped  in  the  larger  tube  i k. 
The  product  of  phosphoric  acid  is  to  be  transferred  as  quickly  as  possible 
into  a dry  stopper-bottle,  in  AAdiich  it  may  be  pressed  doAvn : and  the  por- 
tions of  acid  AAdiich  remain  adhering  to  the  flask  and  cup  may  be  washed 
out,  and  yield  a solution  of  the  acid. 

In  this  anhydrous  state  phosphoric  acid  is  an  extremely  deliquescent 
uncrystalline  poAvder,  fusible  into  a vitreous  substance  and  volatile  at  a 
high  red  heat  (Davy).  It  is  inodorous,  very  sour,  but  not  corrosive. 
At  high  temperatures  it  is  decomposed  by  charcoal,  and  by  several  of  the 
metals.  It  consists  of 


Dulong.  Berzelius.  Davy. 

Phosphorus  1 ....  32  ....  44‘4  ....  44*9  ....  43‘9  ....  42*6 

Oxygen  .' 5 ....  40  ....  55*6  ....  55-1  ....  56-1  ....  67*4 


Phosphoric  acid  1 72  lOO'O  lOO'O  lOO’O  lOO'O 


We  are  indebted  to  Professor  Graham  for  an  elaborate  inquiry  into 
the  modifications  and  peculiarities  of  phosphoric  acid,  and  the  consti- 
tution of  the  phosphates  (Phil.  Trans.  1833,  253)  and  to  L.  Gmelin  for 
a clear  and  connected  exposition  of  the  vieAvs  Avhich  have  been  enter- 
tained respecting  them.  (Ilandbiich.)  Phosphoric  acid  occurs  in  three 
peculiar  or  isomeric  conditions,  Avhich  may  be  designated,  1.  Metaphos- 
phoric  acid,  or  a phosphoric  acid;  <zP05:  2.  Pyrophosphoric  acid,  or  h 
phosphoric  acid;  ^P05:  3.  Common  phosphoric  acid,  or  c phosphoric 
acid;  cPOs.  The  first  combines  Avith  one.,  the  second  Avitli  two^  and  the 
third  Avith  three  atoms  of  base.  The  acid  itself  is  regarded  by  Graham 
as  the  same  in  all  these  modifications,  Avhich  are  supposed  to  depend  upon 
the  proportion  of  Avater  or  base  Avith  Avhich  it  is  in  union : so  that  r/P05 
may  become  6P05  by  the  acquisition  of  a second  atom  of  AAnter  or  of 
base,  and  cPOs  by  a third;  and  inversely  cPOs  by  losing  an  atom  of  base 
or  of  Avater,  becomes  5P05,  and  this  by  the  further  abstraction  of  base  or 
basic  Avater  passes  into  gP05,  and  gP05,  losing  its  single  equivalent  of 
Avater  or  base  reverts  to  P05.  Gmelin  observes  that  these  modifications 
may  be  either  isomeric  or  polymeric : the  arrangement  of  the  atoms  of 
phosphorus  and  oxygen  appearing  to  be  modified  by  the  number  of  the 
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atoms  of  water  or  base,  so  as  to  constitute  acids  having  different  capaci- 
ties of  saturation : or,  according  to  Graham,  phosphoric  acid  intimately 
combined  with  one  atom  of  water,  only  allows  of  the  replacement,  by 
substitution,  of  that  atom  of  water  hv  one  atom  of  base : but  if  the 
original  acid  be  similarly  united  with  2 or  3 atoms  of  water,  these  are 
then  replaced  by  2 or  3 atoms  of  base. 

«P05,  HO.  Pi'olohydrate  of  Phosphoric  Acid.  Monobasic  Phosphate 
of  Water.  Metaphosphoric  Acid.  Aqueous  solutions  of  any  of  the  modi- 
fications of  phosphoric  acid  when  evaporated  and  heated,  till  they  cease 
to  lose  water,  yield  this  protohydrate,  in  the  form  of  what  has  been 
termed  glacial  phosphoric  acid.  AYhen  biphosphate  of  soda  is  heated  to 
redness,  dissolved  in  water,  precipitated  by  acetate  of  lead,  and  the  pre- 
cipitate treated  by  sulphuretted  hj^drogen,  an  acid  liquor  is  obtained  which 
is  a solution  of  the  protohydrate:  it  is  characterized  by  producing  a white 
precipitate  in  solution  of  albumen;  and  in  solutions  of  baryta,  lime,  and 
oxide  of  silver,  it  gives  peculiar  white  precipitates  like  soft  solids  without 
crystallization.  These  all  contain  I atom  of  base  to  1 of  acid.  This  acid 
contains 

Peligot. 

Phosphoric  acid 1 72  88'8  87‘45 

Water  1 9 11*2  12'55 

Metaphosphoric  acid 1 81  lOO’O  lOO'OO 

/?P05,  2HO.  Peutohydrate  of  Phosphoric  Acid.,  or  Biha  sic  Phosphate 
of  Water.  Pyrophosphoric  Acid.  Par aphosphoric  Acid.  When  a solu- 
tion of  pyrophosphate  of  soda  is  precipitated  by  acetate  of  lead,  and  the 
insoluble  salt  of  lead  Avashed  and  decomposed  b}*  sulplniretted  hydrogen, 
an  acid  liquor  is  obtained,  Avhich  must  be  left  in  a shalloAv  basin  till  the 
sulphuretted  hydrogen  has  escaped : it  is  then  an  aqueous  solution  of 
pyrophosphoric  acid:  it  yields  the  pyrophosphate  Avhen  neutralized  by 
carbonate  of  soda;  gives  a white  precipitate  with  nitrate  of  silver;  and 
forms  salts  all  of  Avhich  have  2 atoms  of  base.  A dilute  solution  of  this 
deutohydrate  of  phosphoric  acid  may  be  preserved  Avithout  change,  but 
Avhen  boiled  for  some  time  it  passes  into  terhydrate.  Graham  and  Peligot 
obtained  this  acid,  not  hoAvcA^er  quite  free  from  terlij^'drate,  by  evaporating 
the  solution  of  the  terhydrate  in  a platinum  flask  till  its  temperature 
attained  416°.  It  appeared  as  a soft  glass.  Peligot  obtained  it  in  opaque 
imperfect  crystals  resembling  grape  sugar : it  may  be  represented  as  con- 
taining 

Peligot. 

Phosphoric  acid  1 72  80  77 

Water  2 18  20  23 

Pyrophosphoric  acid  1 90  100  100 

cP05, 3 HO.  I 'crhydrate  of  Phosphoric  Acid or  Trihasic  Phosphate 
of  Water.  Conunon  Phosphoric  Acid.  The  common  phosphate  of  soda 
of  pharmacy  may  be  resorted  to  for  this  hydrate  of  pho.sphoric  acid, 
but  it  should  be  previously  purified  by  recrystallization  : it  may  be  de- 
composed by  acetate  of  lead,  and  the  resulting  precipitate  of  phosj^hate 
of  lead  Avashed,  suspended  in  Avater,  and  decomposed  by  a stream  of 
sulphuretted  hydrogen  gas,  the  excess  of  Avhich  is  then  expelled  by  heat, 
and  the  liquor  filtered ; it  is  very  sour,  and  contains  the  terhydrate  of 
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phosphoric  acid.  Tlie  characters  of  this  acid  solution  are  to  give  a 
yellow  precipitate  witli  nitrate  of  silver,  to  yield  the  common  phosphate 
of  soda  when  neutralized  with  carbonate  of  soda,  to  form  salts  which  have 
invariably  3 atoms  of  base  to  1 of  acid,  and  to  be  unalterable  by  boiling 
its  solution  or  keeping  it  for  any  lengtli  of  time.  (Graham.)  Tlie  solu- 
tion of  this  terhydrate  evaporated  to  the  coiisistencj^  of  thin  syrup  and  set 
aside^  yields  crystals  in  the  form  of  flat  six-sided  prisms:  evaporated  in 
vacuo  over  sulphuric  acid,  it  forms  thin  deliquescent  plates  : heated  to 
400°  it  becomes  a mixture  of  the  deuto  and  proto-hydrates,  and  by 
heating  it  carefully  to  redness,  it  may  be  converted  into  protohydrate:  it 
consists  of 


Phosphoric  acid 
Water 


Terliyd rated  pliosplioric  acid........ 


Brandos.  Bcligot. 

1 ....  72  ....  72-72  ....  72*205  ....  71-6 
3 ....  27  ....  27*28  ....  27-705  ....  28*4 


1 90  100-00  100-000  100-0 


Phosp/iafc.9.  Graham  has  shown  that  each  of  the  above  hydrates  of 
phosphoric  acid  forms  a distinct  class  of  salts,  namely,  metapJiosphates^ 
which  are  monobasic;  paraphosphales  oy  pyrophosphales\  which  are  biba- 
sic;  and  common  pliosphaies^  -which  are  tribasic  ; so  that  the  proportion 
of  fixed  base  Avith  Avhich  the  acid  unites  in  the  humid  Avay  is  dependent 
upon  the  proportion  of  water  which  the  fixed  base  replaces.  Thus,  the 
metaphosphoric  acid,  or  protohydrate,  Avill  only  combine  Avith  one,  and  the 
parapbosphoric  or  deutohydrate  Avith  two  equivalents  of  soda;  and  if 
in  either  case  a larger  quantity  of  base  be  added,  it  remains  uncombined: 
so  also  in  regard  to  the  terhydrate ; if  to  one  equiAmlent  of  it  in  solution 
one  equivalent  of  soda  be  added,  one  equiA*alent  only  of  its  Avater  is  dis- 
placed and  tAvo  are  retained : 3 IIO,  PCD  + NaO  ==  NaO,  2 HO,  P05  -f  HO. 
On  the  addition  of  a second  equivalent  of  soda,  a second  atom  of  basic 
AAater  is  displaced,  the  salt  therefore  still  remaining  characteristically  tri- 
basic ; for  in  this  case,  NaO,  2 HO,  P05 -{- NaO,  becomes  2 NaO,  HO, 
P05  + HO;  and,  lastly,  the  addition  of  a third  equiAmlent  of  soda  dis- 
places tlie  remaining  atom  of  AA-ater,  and  Ave  have  an  anhydrous  tribasic 
phosphate  of  soda:  2 NaO,HO,P05 -p  Na0=:3Na0,P05, -f- HO.  So  also 
in  regard  to  the  insoluble  pho.sphates  formed  by  precipitation:  the  mo- 
nobasic or  metaphosphate  of  soda,  decomposes  1 equivalent  of  nitrate  of 
sih'er,  and  a Avhite  monobasic  phosphate  of  sih^er  is  throAvn  doAvn  : NaO, 
PO5  + AgO,N05  = AgO,  P05  + Na0,N05.  On  the  other  hand,  the  bi- 
basic  salt,  or  pyrophosphate  of  soda,  decomposes  2 equivalents  of  nitrate 
of  silver  to  form  a Avhite  bibasic  phosphate  of  silver:  2Na0,P05-b2  [AgO, 
NO5]  — 2Ag0,P05-l-2  [NaO,N05].  And,  lastly,  1 equivalent  of  the 
common  or  tribasic  phosphate  of  soda  decomposes  3 equivalents  of  nitrate 
of  silver,  forming  1 equivalent  of  the  yelloAV  or  common  phosphate  of 
silver,  and  3 of  nitrate  of  soda.  3NaO,  P05 -1-3  [AgO,  NO5]  = 3 AgC), 
P05-f3[Na0,N05.] 

If  nitrate  of  lead  be  substituted  in  the  above  cases  for  nitrate  of  silver, 
corresponding  phosphates  of  lead  are  formed,  and  if  these  be  diffused  in 
Avater,  and  decomposed  by  sulphuretted  h3ulrogen,  they  respectively  afford 
solutions  of  the  protohydrate,  deutohydrate,  and  terhydrate  of  phosphoric 
acid  : thus,  PbO,  r05  4- HS  = rbS-bHO,r05  giving  the  protohydrated, 
or  metaphosphoric  acid:  and  again,  2.PbO,  P05 -f  2 HS=2PbS,  + 2 HO, 
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PO5,  in  wliich.  I equivalent  of  pyropliospliate  of  lead  decomposes  2 of  sul- 
phuretted hydrogen,  forming  2 of  sulphuret  of  lead  and  one  of  deutohy- 
drated  phosphoric  acid:  and,  lastly,  3PbO,  P05-{-3HS=  3PbS, 4-3HO, 
PO5,  when  the  tribasic  phosphate  of  lead  decomposes  3 equivalents  of 
sulphuretted  hydrogen,  throwing  down  3 of  sulphuret  of  lead,  and 
leaving  in  solution  1 equivalent  of  the  terhydrated  acid. 

In  regard  to  these  decompositions,  there  is  no  transition  from  one 
species  of  phosphate  to  another,  because  the  decompositions  are  mutual, 
and  the  products  neutral;  hut  there  are  conditions,  under  which  these 
transitions  do  ensue:  these  are  described  by  Graham  as  follows : 

1st.  Changes  without  the  intervention  of  high  temperatures.  When 
aqueous  solutions  of  the  protohydrate  and  deutohydrate  of  phosphoric 
acid  are  warmed,  they  gradually  pass  into  terhydrate,  or  common  acid, 
and  the  metaphosphate  of  water  appears  at  once  to  become  common 
phosphate,  without  passing  through  the  intermediate  state  of  hydration 
of  the  pyrophosphate;  the  insoluble  metaphosphate  of  baryta,  when 
boiled  in  W'ater,  gradually  becomes  common  phosphate,  which  is  soluble. 

2.  Changes  with  the  intervention  of  a high  temperature.  If  a single 
equivalent  of  phosphoric  acid,  anhydrous,  or  in  any  state  of  hydration, 
be  heated  to  a little  below  redness  with  a single  equivalent  of  soda  or  its 
carbonate,  the  metaphosphate  is  formed;  with  2 equivalents,  the  pyro- 
phosphate; and  with  3,  the  common  phosphate ; hence  the  formation  of 
none  of  those  classes  is  peculiarly  the  effect  of  a high  temperature. 
Again,  a tribasic  phosphate  containing  1 or  2 equivalents  of  a volatile 
base,  such  as  water  or  ammonia,  loses  the  volatile  base  when  ignited,  and 
the  acid  remains  in  combination  with  the  fixed  base.  Hence  common 
phosphate  of  soda,  (HO,  2 NaO,  fi-POs)  is  converted  by  heat  into  pyro- 
phosphate (2Na0+P05)  according  to  the  original  observation  of  Dr. 
Clark;  and  the  biphosphate  of  soda,  (2  H0Na0,-l-P05)  into  metaphos- 
phate of  soda  (NaO  + POs.)  The  acid  remains  in  combination  with  the 
fixed  base  left  with  it,  and  the  salt  produced  may  be  dissolved  in  water, 
without  assuming  basic  water. 

The  metaphosphate  of  soda  is  susceptible  of  a remarkable  conver- 
sion by  the  agency  of  a certain  temperature,  and  exhibits  a change  of 
nature  without  a change  of  composition  such  as  often  occurs  in  organic 
compounds,  but  rarely  admits  of  so  satisfactory  an  explanation.  This 
particular  salt,  in  common  with  all  the  other  phosphates,  combines  with 
Avater  which  becomes  attached  to  the  salt  in  the  state  of  constitutional 
water,  or  Avater  of  crystallization.  The  metaphosphate  of  soda  so 
hydrated,  Avhen  dried  at  212°,  retains  one  equivalent  of  Avater,  but  that 
Avater  is  not  basic.,  for  on  dissolving  the  salt  again,  it  is  found  still  to  be 
a raetaphosphate;  but,  let  this  hydrated  metaphosphate  be  heated  to 
300°,  and  Avithout  losing  anything,  it  changes  completely,  and  becomes 
a pyrophosphate,  the  Avater  which  AAms  constitntional  before  being  noAV 
basic.  The  formulae  of  the  salt  in  its  tAvo  states  exhibit  to  the  eye  the 
nature  of  the  internal  change  Avhich  has  occurred  in  it. 

t.  Hydrated  Metaphosphate  of  soda  Na0,P05  + II0 

2.  Pyrophosphate  of  soda  and  water  NaOjHO  + POs. 

In  the  preceding  details  respecting  the  phosphates  and  their  acids,  I 
have  folio Aved  Graham  : another  vieAv  of  their  constitution  has  also  been 
proposed,  in  which  the  three  acids,  instead  of  being  regarded  as  hydrates 
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of  the  same  anhydrous  acid,  are  considered  as  dislinct  hy  dr  acids,  formed 
that  is  of  hydrogen  united  in  each  to  a distinct  compound  radical,  the 
monobasic  acid  being  H + POn;  the  bibasic  acid  H2  + PO7,  and  the 
tribasic  acid,  113  + POs.  In  the  formation  of  the  salts  of  these  acids,  it 
is  assumed  that  H is  replaced  by  M,  in  the  same  way  as  upon  the  ordi- 
nary hypothesis  HO  is  replaced  by  MO.  Thus  the  common  or  tribasic 
phosphate  of  soda,  instead  of  being  represented  by  HO,  2 NaO + PO5, 
would  have  the  formula  H,Na2, -fPOs.  Dr.  Gregory,  in  expounding 
this  hypothesis  (^Outlines  of  Chemisiry,  p.  II2,)  observes  that,  “if  we 
represent  the  common  or  tribasic  phosphate  of  soda  by 

t ^P08  + Na 
P08  = ^ -i^POs  + Na, 
li^P08  + H 

then,  when  this  salt  is  ignited  I equivalent  of  hydrogen  is  expelled  along 
with  I equivalent  of  oxygen,  and  the  2 equivalents  of  sodium  now  neu- 
tralize the  whole  of  the  remaining  phosphorus  and  oxygen,  which  is  f POs 
” O — P075and  the  bibasic  salt  2Na  -b  PO7  results.  If  this  be  expressed  by 


P07  = 


iP07  + Na, 

iP07-l-Na, 


we  see  that  something  has  been  added  to  the  radical  previously  united 
with  each  equivalent  of  sodium,  without  altering  its  neutralising  power. 
In  like  manner,  if  we  represent  microcosmic  salt  (tribasic  ammonia 
phosphate  of  soda=NaO,NH40,HO, -{- P05,  or) 


[Na  fiPOs-fNa 

==  P08sNH4  as  follows:  P08  rz:  ) ^P08-f  NH4,  we  see,  that 
IH  iiPOsq-H 


when  it  is  ignited  the  hydrogen  and  ammonium  arc  both  expelled,  each 
combined  with  I equivalent  of  oxygen ; but  as  the  rest  of  the  phospho- 
rus and  oxygen  formerly  combined  with  them  is  not  expelled,  it  enters 
into  composition  of  the  radical  still  united  with  1 equivalent  of  sodium, 
but  without  affecting  its  neutralising  power:  this  radical,  therefore, 
becomes -|P08  — 02  = POG;  and  its  salt  with  sodium  is  POG,Na,  the 
monobasic  phosphate  of  soda. 

If  we  now  turn  to  the  acids  of  sulphur,  viewed  as  hydrogen  acids,  we 
shall  there  see  many  analogous  cases  of  the  addition  to  the  acid  radical  of 
different  quantities  of  its  elements,  while  the  neutralising  power  remains 
unchanged.  Thus,  hydrated  sulphurous  acid,  = 11  + 803,  by  the  addition 
of  803 + 82  to  its  radical,  becomes  the  acid  of  Fordos  and  Gelis,  without 
change  of  neutralising  power.  In  the  phosphoric  acids  the  neutralising 
power  varies  because  the  hydrogen  varies;  but  when  they  are  represented, 
as  above,  in  such  a way  as  to  keep  the  hydrogen  (or  metal)  the  same  in 
all,  the  analogy  between  them  and  the  acids  of  sulphur,  in  regard  to  the 
non-dependence  of  the  neutralising  power  on  the  nature  and  proportions 
of  the  ingredients  of  the  radical,  becomes  manifest.”  In  this  quotation 
I have  substituted  P for  P2,  the  latter  being  the  symbol  of  the  equivalent 
of  phosphorus  adopted  by  Dr.  Gregory. 


Phosphate  of  Ammonia.  Tribasic  Phosphate  of  Oxide  of 
Ammonium  and  AVater.  2 (NH4,0)  HO.POs  or  2 NH3,  3 H0,P05. 
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{Common  Phosphate.)  The  mutual  action  of  anhydrous  phosphoric  acid 
and  ammonia  has  not  been  studied  : tliey  probably  give  rise  to  an  amide. 
The  above  tribasic  phospliate,  formerly  called  the  neutral  j^hosphate  of 
a7)imo)tia.,  may  be  obtained  pure  by  saturating  a solution  of  phosphoric 
acid  with  ammonia  or  carbonate  of  ammonia  and  carefull}^  evaporating, 
so  as  to  avoid  the  production  of  an  acid  salt.  It  may  also  be  formed  by 
adding  carbonate  of  ammonia  to  the  acid  phosphate  of  lime  obtained 
from  bone  earth  (p.  413,)  till  no  further  etfervescence  or  precipitation 
of  phosphate  of  lime  follows,  filtering  and  evaporating,  taking  care, 
however,  to  leave  slight  excess  of  ammonia:  the  solution  left  to  itself 
deposits  the  salt.  Its  primary  form  is  an  oblique  rhombic  prism,  the 
smaller  angle  of  which  is  84°  30'.  Its  prisms  are  often  terminated  by 
dihedral  summits.  (IMitsciieulicit,  Ann.  Ch.  et  Ph.^-yii'K.  382;  Biiooke, 
Ann.  Phil.^  xxii.  285.)  The  crystals  are  efflorescent,  and  by  exposure 
to  air  lose  part  of  their  ammonia  ; they  taste  saline,  cooling,  and  bitter- 
ish. Tliis  salt  is  soluble  in  4 parts  of  cold  water:  it  is  insoluble  in 
alcohol.  When  heated  it  melts,  and  losing  ammonia  leaves  hydrated 
])hosphoric  acid.  It  exists,  combined  with  phosphate  of  soda  and  of 
magnesia,  in  the  urine  of  carnivorous  animals.  The  components  of  this 
salt  are 

Mitsclierlicli. 

Ammonia  2....34....25‘57  ] ( Oxide  of  ammonium  ...,2.,..52....39’11 

Water 3. ...27.. ..20-30  >=  Water 1...  9..,.  0-70 

Phosphoric  acid  ....1  ...  72. ...54-13  . ..54-42;  [Phosphoric  acid  1.. ..72. ...54-13 

Tribasic  phosphate  of  1 mo-no  ^ 133  lOQ-OO 

ammonia  (common)  j ^ lUU  UU 

Tribasic  Phosphate  of  Water  and  Oxide  of  Ammonium.  2 HO, 
NH40,P05,  or  3H0,NH3P05.  {Biphosphate. ) This  salt  is  obtriined  by 
adding  phosphoric  acid  to  a solution  of  the  phosphate  of  ammonia  till  it 
strongly  reddens  litmus  paper,  and  ceases  to  occasion  a precipitate  in  a 
dilute  solution  of  chloride  of  barium.  When  the  solution  is  concentrated 
it  yields  crystals,  the  primary  form  of  which  is  an  octohedron  with  a 
square  base;  but  they  are  most  commonly  right  square  prisms  terminated 
by  the  primary  faces.  They  are  less  soluble  than  the  preceding  salt,  and 
permanent  in  the  air : when  heated  they  fuse  and  froth  up,  ultimately 
leaving  hydrated  phosphoric  acid.  They  consist  of 

Mitsclierlicli. 

Water 3. ...27. ...23-28  | tWater 2....18.... 15-52 

Ammonia  1.. .17  .14-05  >=i:\ Oxide  of  ammonium  ....1... ,26. ...22-41 

Pho.sphoi-ic  acid  ....1  ....72....02-07....0P02 j [Phosphoric  acid  1... .72. ...62-07 

Tribasic  phosphate  of  1 1 11  B 100-00 

ammonia  (biphos-  il  116  lOQ-OO 
phate)  J 

The  nio7iohasic  and  hihasic  phosphates  of  ammonia  (metaphosphate 
and  pyrophosphate)  are  only  known  in  aqueous  solution:  the  former 
passing  on  evaporation  into  2 H0,NH40,P05;  and  the  latter  into  the 
common  phosphate=:2  NH40,H0,P05.  (Graham.) 

Gay  Lussac  has  recommended  the  application  of  phosphate  of  am- 
monia to  render  muslin,  and  similar  articles  of  clothing,  to  a considerable 
extent  incombustible.  The  goods  are  immersed  in  a solution  of  equal 
parts  of  phosphate  and  hydrochlorate  of  ammonia  of  a due  strength,  and 
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then  dried;  upon  applying  flame  to  them,  it  will  he  found  that  they  are 
burned  with  ^I'eat  difiiculty,  and  cannot  l)e  consumed  with  flame,  in 
consequence  of  the  prevention  of  the  access  of  oxygen  by  the  glazing 
Avhich  the  salts  form  at  high  temperatures.  The  salts  may  be  mixed 
•with  the  starch,  and  applied  in  the  usual  Avay  to  dresses,  curtains,  and 
other  combustible  tissues:  many  serious  accidents  might  in  this  way  be 
prevented. 

PiiospiioiiLTs  AND  Chlorine. — These  elements  unite  in  two  propor- 
tions, forming  two  definite  compounds,  the  'protochloride  or  ses(jitic/iloridc\ 
and  the  perchloride  of  phosphorus. 

Protochloride  of  Phosphorus.  Sesquiciilortde  of  Phosphorus. 
Terciilortde  of  Phosphorus.  PCl3.  This  compound  is  procured  by  dis- 
tilling a mixture  of  phosphorus  and  jierchloride  of  mercury ; or,  what 
amounts  to  the  same  thing,  by  passing  the  vapor  of  phosphorus  over  per- 
chloride  of  mercury  in  a heated  glass  tube  terminating  in  a cooled  receiver. 
It  is  also  formed  by  passing  chlorine  first  through  a cold  flask,  then  through 
a tube  containing  fragments  of  fused  chloride  of  calcium,  and  thence 
into  a tubulated  retort,  slightly  warmed,  and  containing  phosphorus,  from 
which  the  sesquicliloride,  as  it  is  formed,  graduall}^  distils  over  into  a 
cooled  receiver.  (Gmelin.) 

When  first  obtained,  this  compound  generally  holds  a little  phos- 
phorus in  solution,  which  gives  it  a reddish  color;  this  is  in  time  depo- 
sited, and  it  becomes  limpid  and  colorless;  or  it  may  at  once  be  purified 
by  slow  distillation;  it  requires  to  be  cautiously  excluded  from  the  action 
of  the  air.  It  has  a sufi’ocating  odor.  Its  specific  gravity  is  L45. 
Exposed  to  the  air  it  exhales  acid  fumes  : it  does  not  change  the  color  of 
dry  vegetable  blues,  but  becomes  powerfully  acid  upon  the  least  acquisi- 
tion of  moisture.  Its  vapor  is  combustible.  Chlorine  converts  it  into 
perchloride  of  phosphorus.  It  acts  upon  water  with  great  energy,  and 
produces  'phosphorous  and  hydrochloric  acids,  as  above  stated  (page  419). 
PC13  + 3 HO ^ P03  -b  3 HCI. 

It  appears  from  the  analysis  of  Davy  and  of  Berzelius,  that  this  chlo- 
ride corresponds  in  composition  to  the  phosphorous  acid ; it  consists  of 

Davy  & Berzelius. 


Phosphorus 1 

32 

22-86  

23 

Chlorine  3 

108 

77-14  

77 

Protochloride  of  phosphorus  1 

140 

100-0 

100 

Perchloride  of  Phosphorus. 

PCl5. 

When  phosphorus 

is 

mitted  to  the  action  of  chlorine  in  excess,  it  burns  with  a pale  yellow 
flame,  and  produces  a white,  flaky,  and  volatile  compound,  which 
attaches  itself  to  the  interior  of  the  vessel,  and  which  is  the  perchloride 
of  phosphorus.  It  may  be  conveniently  formed  in  the  exhausted  retort, 
as  described  at  p,  278.  It  was  formerly  mistaken  for  phosphoric  acid,  but 
its  easy  volatilitv  is  alone  sufficient  distinction,  for  it  rises  in  vapor  at 
200°.  It  is  fusible  under  pressure,  and  crystallizable  in  transparent 
prisms;  it  is  a non-conductor  of  electricity  ; it  reddens  dry  litmus  paper, 
in  consequence,  as  Berzelius  supposes,  of  its  acquiring  hydrogen  and 
oxygen  from  the  decomposition  of  the  paper.  It  fumes  in  the  air,  and 
when  brought  into  the  contact  of  ivater,  a mutual  decomposition  is  im- 
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mediately  effected,  and  phosphoric  and  hydrochloric  acids  result.  PCl5 
+ 5H0=P05  + 5HC1.  When  passed  through  a red-hot  porcelain  tube 
■\vith  oxygen,  phosphoric  acid  is  produced  and  chlorine  evolved;  which 
shows  that  oxygen,  at  that  temperature,  has  a stronger  attraction  for 
phosphorus  than  chlorine.  Potassium,  heated  in  its  vapor,  burns  Avith 
great  brilliancy:  with  dry  sulphuretted  hydrogen  it  yields  hydrochloric 
acid  and  chlorosulphuret  of  phosphorus  (Serullas.)  PCl5  + 2 HS  — PS2 
Cl5-1'2HC1.  Metallic  oxides  decompose  it  Avith  the  production  of  me- 
tallic chlorides  and  phosphates.  (Davy.) 

Perchloride  of  phosphorus  consists  of 


Davy.  Dulong.  Berzelius. 

Phosphorus  1 ....  32  ....  15-09  ....  13  ....  15-4  ....  15-31 

Chlorine  5 ....  180  ....  84-91  ....  87  ....  84-6  ....  84-69 


Perchloride  of  phosphorus  1 212  100-00  100  lOO'O  100-00 

Ammonia  and  Chloride  of  Phosphorus.  The  action  of  ammonia 
on  the  chlorides  of  phosphorus  was  first  examined  by  Davy,  and  after- 
Avards  by  H.  Rose.  When  ammonia  is  admitted  into  an  exhausted 
retort  containing  the  perchloride  of  phosphorus,  the  gas  is  rapidly  ab- 
sorbed Avith  much  heat,  and  a compound  is  produced  Avhich,  according  to 
Davy,  is  insoluble  in  Avater,  indecomposable  by  acid  or  alkaline  solutions, 
and  has  characters  analogous  to  an  earth.  The  action  of  ammonia  on 
the  protochloride  is  attended  by  the  production  of  the  same  compound, 
and  the  separation  of  a portion  of  phosphorus.  {Elements^  p.  291.) 
According  to  H.  Rose,  the  most  definite  action  of  ammonia  is  on  the 
protochloride  of  phosphorus.  (Poggend.^  xxiv.  308.)  This  liquid, 
Avhen  freed  from  dissolved  phosphorus  by  repeated  distillation,  and  sub- 
jected (surrounded  by  a freezing  mixture  so  as  to  prevent  elevation  of 
temperature  and  consequent  deposition  of  phosphorus)  to  the  gradual 
action  of  excess  of  ammonia,  forms  Avith  it  a perfectly  Avhite  compound, 
Avhich  is  entirely,  though  very  slowljq  soluble  in  Avater,  and  is  so  consti- 
tuted, as  to  yield  in  this  process  hydrochlorate  and  phosphite  of  am- 
monia. When  heated  in  the  air,  it  gives  off  hydrochlorate  of  am- 
monia, and  leaves  an  insoluble  reddish-brown  substance,  Avhich,  Avhen 
heated,  becomes  Avhite,  hut  again  broAvn  as  it  cools.  To  obtain  this  fixed 
residue  in  a jDure  state,  freshly  prepared  ammonio-protochloride  of  phos- 
jdiorus  must  be  cautiously  heated  to  redness  out  of  the  contact  of  air: 
this  is  best  done  by  putting  it  into  a sufficiently  large  tube  of  difficultly 
fusible  glass,  and  passing  over  it  at  a red  heat  a stream  of  carbonic-acid 
gas  dried  by  contact  of  chloride  of  calcium : the  operation  must  be 
patiently  carried  on  till  no  traces  of  hydrochlorate  of  ammonia  are 
evolved.  With  these  precautions,  the  substance  Avhich  remains  is  a 
light  Avhite  powder,  and  though  formed  of  highly- volatile  substances  is, 
Avhen  excluded  from  air  and  moisture,  fixed  and  infusible  at  a red  heat; 
heated  in  contact  of  the  air  and  its  moisture,  it  evolves  Avhite  fumes  of 
phosphoric  acid,  and  becomes  sloAvly  oxidized  Avithout  flaming : if  thus 
heated  in  a platinum  crucible,  the  metal  is  much  corroded.  Exclusively 
of  its  fixedness  out  of  the  contact  of  air,  the  most  remarkable  jAroperty 
of  this  substance  is  its  indifference  to  the  strongest  re-agents.  Concen- 
trated nitric  acid  very  sloAvly  converts  a portion  of  it  into  phosphoric 
acid,  and  concentrated  sulphuric  acid  produces  the  same  change  Avith  the 
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evolution  of  sulphurous  acid;  hut  the  dilute  acids  and  alkaline  solutions, 
and  chlorine,  sulphur,  and  carbonic  acid,  have  no  action  upon  it  even 
■when  heated.  It  is,  on  the  contrary,  energetically  acted  upon  when 
fused  with  caustic  potassa:  ammonia  is  evolved,  and  the  residue  is 
soluble  in  water.  It  is  decomposed  when  heated  with  hydrate  of  baryta, 
with  intense  ignition:  it  is  also  decomposed  by  fusion  with  the  carbo- 
nated fixed  alkalis,  and  with  their  nitrates.  The  action  of  dry  hydrogen 
gas  upon  this  compound  at  a red  heat  is  very  remarkable;  no  trace  of 
water  is  formed,  phosphorus  is  evolved,  and  distils  off,  and  on  con- 
ducting the  gaseous  products  into  water,  ammonia  is  found  in  solution. 
From  this  result,  and  from  other  evidence  adduced  by  Rose,  this  com- 
pound consists  of  phosphorus  and  nitrogen;  and  from  the  analytical 
details  given  at  length  in  the  essay  I have  quoted,  it  appears  that  100 
parts  of  the  ammonio-chloride  yield  an  average  product  of  21 ‘27  of  this 
phosphuret  of  nitrogen,  and  that  it  consists  of 


Wohler  & 
Rose.  Liebig. 

Phosphorus 1 ....  32  ....  53'3  ....  52'5G  ....  51 

Nitrogen 2 ....  28  ....  46-7  ....  47-44  ....  49 


Phosphuret  of  nitrogen  ....  1 GO  lOO'O  lOO'OO  100 

Phosphuret  of  nitrogen  is  also  produced,  according  to  Wohler  and 
Liebig  (Aim.  der  Phann..^  xi.  139)  by  passing  vapor  of  protochloride  of 
phosphorus  over  sal  ammoniac  heated  up  to  its  point  of  vaporization:  hy- 
drochloric acid  and  phosphorus  are  evolved,  and  phosphuret  of  nitrogen 
remains  in  white  and  brown  flocculi  (2  PCl3, -f  2 NIl4  Cl  rr  N2P -f- 
8HCl-fP.)  If  perchloride  of  phosphorus  be  used,  the  resulting  phos- 
phuret retains  traces  of  chlorine  and  hydrogen  after  long  ignition  in  car- 
bonic acid. 

Hydrated  Phosphuret  of  Nitrogen.  PN2,  2 HO.  When  per- 
chloride of  phosphorus  is  saturated  with  ammoniacal  gas,  and  the  result- 
ing product  washed  Avith  Avater,  boiled  Avith  solution  of  potassa,  and 
lastly  Avith  dilute  nitric  acid  (for  the  purpose  of  removing  all  traces  of 
sal  ammoniac,)  a Avhite  poAvder  remains,  composed  of 


AA’’ohler  & Liebig. 

Phosphorus  1 ....  32  ....  41 ‘04  ....  4()‘G8 

Nitrogen  2 ....  28  ....  35‘89  ....  35‘05 

Water  2 ....  18  ....  23‘07  ....  24‘27 


Hydrated  phosphuret  of  nitrogen....  1 73  lOO'OO  lOO'OO 

Chlorophospiiuret  of  Nitrogen.  N2,P3,Cl5.  This  compound  also 
results  from  the  action  of  perchloride  of  phosphorus  on  ammonia  or  sal 
ammoniac.  1.  Perchloride  of  phosphorus  is  saturated  Avith  undried  ammo- 
niacal gas,  and  the  resulting  AALite  mass  distilled  Avith  Avater:  crystals 
condense  in  the  Avater  of  the  receiver,  Avhich  are  to  be  AAmshed,  dried,  and 
purified  by  solution  in  Avarm  ether  and  crystallization.  2.  Perchloride  of 
phosphorus  is  introduced  into  the  sealed  end  of  a glass  tube  three  feet  long, 
and  at  a little  distance  from  it  long  pieces  of  sal  ammoniac,  so  as  to  half 
fill  the  tube;  the  part  containing  the  sal  ammoniac  is  then  heated  in  a long 
horizontal  furnace  till  the  salt  begins  to  rise  in  vapor;  the  perchloride  is 
then  gently  heated  so  as  to  send  its  vapor  sloAvly  over  the  sal  ammoniac; 


430 


IODIDES  OF  PHOSPHORUS. 


liyclrocliloric  acid  gas  is  evolved,  and  crystals  of  clilorophospliuretted 
nitrogen  condense  in  the  cold  part  of  the  tube:  these  are  washed  and 
purified  as  before.  The  crystals  are  regular  six-sided  prisms,  brittle,  and 
repel  water  like  greasy  bodies:  they  fuse  below  212°,  and  at  higher  tem- 
peratures sublime  unaltered.  When  gently  heated,  their  odor  is  peculiar 
but  not  acrid : they  are  soluble  in  alcohol  and  ether ; they  are  not  acted 
upon  by  hydrochloric,  nitric,  or  sulphuric  acid,  nor  by  solution  of  potassa; 
when  heated  with  these  liquids  they  collect  like  oil  upon  the  surface  and 
sublime.  (Wohler  and  Liebig.  Ann.  der  Fharm.^:K\.\AQ.  L.  Gmelin. 
Ha?idhiicli,  I.  884.)  They  consist  of 


Wohler  & Liebig. 

Nitrogen  2 ....  28  ....  9‘21  ....  10’3 

Phosphorus  3 ....  9G  ....  3P58  ....  3P4 

Chlorine  5 ....  180  ....  59-21  ....  58-3 


Chlorophosphuret  of  nitrogen I 304  lOO’OO  100  0 

Phosphorus  and  Iodine.  These  bodies  readily  combine  at  common 

4/ 

temperatures,  and  produce  iodides  of  phosphorus.,  varying  in  color  from 
blackish-brown  to  orange-yellow  according  to  the  preponderance  of  one 
or  other  element.  I of  phosphorus  and  24  of  iodine  yield  a black  mass 
fusible  at  114°,  and  giving  a brown  solution  in  water:  1 of  phosphorus 
and  16  of  iodine  is  a grey  crystalline  compound,  fusible  at  84°,  and 
forming  with  water  phosphorous  and  hydriodic  acids  : 1 of  phosphorus 
and  8 of  iodine  give  an  orange-yellow  mass  fusible  at  212°,  and  resolved 
by  water  into  phosphorous  and  hydriodic  acids,  and  phosphuretted 
hydrogen,  whilst  flakes  of  phosphorus  are  deposited.  (Gay  Lussac.) 

There  are  probably  three  iodides  of  phosphorus  : 1.  Yielding  hydriodic 
and  hypophosphorous  acids,  when  decomposed  by  water,  and  therefore 
= PI.  2.  Giving  with  water  hydriodic  and  phosphorous  acids,  and  there- 
fore = Pl3.  3.  Producing  with  water  hydriodic  and  phosphoric  acid,  and 
hence  — Pl5.  (Kane.)  These  compounds  require  further  examination. 

PI  Pl3  Pl5 

Phosphorus....  1 ....  32  ....  20*3  1 ....  32  ....  7'8  1 ....  32  ....  4'9 

Iodine I ....  126  ....  79.7  3 ....  378  ....  92-2  5 ....  630  ....  95  1 


1 158  100*0  1 410  100*0  ] 662  100*0 

Phosphorus  and  Bromine.  There  are  two  bromides  of  phosphorus. 
When  phosphorus  and  bromine  are  mixed  in  a flask  filled  with  carbonic 
acid,  they  act  intensely  upon  each  other:  heat  and  light  are  evolved,  and 
a yellow  crystalline  substance  rises  to  the  upper  part  of  the  flask,  whilst 
a liquid  remains  at  the  bottom.  The  latter  is  the  terhi'ornide ; it  is 
volatile,  and  emits  pungent  fumes  when  exposed  to  air.  Water  resolves 
it  into  hydrobromic  and  phosphorous  acids.  The  crystalline  perbromide 
is  converted,  by  a gentle  heat,  into  a red  liquid,  and  at  a higher  temper- 
ature into  red  vapor.  It  emits  fumes  when  exposed  to  air,  and,  acted  upon 
by  water,  forms  hydrobromic  and  phosphoric  acid.  Both  these  bromides 
are  decomposed  by  chlorine,  with  the  evolution  of  bromine  and  the  forma- 
tion of  chloride  of  phosphorus.  Iodine,  on  the  contrary,  does  not  decompose 
them;  but  bromine  decomposes  the  iodides  of  phosphorus.  (Balard.) 

Much  caution  is  requisite  in  adding  phosphorus  to  bromine,  in  conse- 
quence of  the  explosive  violence  with  which  they  combine.  Rose  recom- 
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mends  the  pliosphorus  to  be  put  into  a small  tube  open  at  one  end,  so  as 
to  allow  the  bromine  vapor  only  to  act  upon  it.  AYheii  the  liquid  has  lost 
its  color,  it  may  be  distilled  from  excess  of  phosphorus.  Faraday  also 
observes  that  the  bromides  of  phosphorus  are  easily  made  without  risk  of 
explosion  : if  a glass  tube  be  bent  so  as  to  have  two  depressions,  phos- 
phorus placed  ill  one  and  bromine  in  the  other,  then  by  inclining  the 
tube  the  vapor  of  bromine  can  be  made  to  flow  gradually  on  to,  and 
combine  with,  the  phosphorus.  The  fluid  protobromide  is  first  formed, 
and  this  is  afterwards  converted  into  the  solid  perbromide:  the  excess  of 
bromine  may  be  dissipated  by  the  careful  application  of  heat.  (PhiL 
Trans. ^ 1845,  161.)  Bromide  of  phosphorus  may  also  be  formed  by 
passing  phosphorus  in  vapor  over  bromide  of  mercury.  This  compound 
(BBr  3)  is  a colorless  volatile  liquid  fuming  in  the  air,  and  reddening 
damp  litmus  paper;  it  does  not  congeal  at  15°.  (Lowig.)  It  consists  of 

Lowig. 

riiospliorus 1 ....  32  ....  12-03  .... 

Bromine 3 ....  234  ....  87-97  ....  88  3 

Terbromide  of  phosphorus 1 206  100-00  100-0 

Balard’s  crystalline  perbromide  may  also  be  obtained  by  the  addition  of  2 
atoms  of  bromine  to  the  terbromide.  It  is  composed  of 

Lowig. 

Phosphorus  1 ....  32  ....  7‘58  ....  C-8 

Bromine  5 ....  390  ....  92-42  ....  93-2 

Perbromide  of  phosphorus  1 422  100-00  100-0 

Fluoride  of  Phosphorus.  By  distilling  fluoride  of  lead  or  mercury 
with  phosphorus,  Davy  obtained  a fuming  liquid,  resolved  by  the  action 
of  water  into  hydrofluoric  and  phosphorous  acids ; hence=PF3.  (Dumas, 
Ann.  Ch.  el  Ph.,  xxxi.  435.) 

Phosphorus  and  Hydrogen  ; Piiosphuretted  Hydrogen  ; Hydru- 
DURET  OF  Phosphorus.  PH3.  Phosphorus  may  be  heated  and  even 
sublimed,  in  hydrogen  gas,  without  the  formation  of  any  definite  com- 
pound, although,  under  such  circumstances,  the  gas  retains  a portion  of 
the  vapor  of  phosphorus,  acquiring  its  peculiar  odor,  and  becoming  lumi- 
nous in  the  dark  when  mixed  Avith  atmospheric  air.  When  phosphorus 
is  presented  to  nascent  hydrogen,  two  gaseous  compounds  result.  They 
appear  to  be  similar  in  composition,  but  one  is  spontaneously  inflammable 
on  coming  into  contact  of  air  at  common  temperature  and  pressure, 
Avhereas  the  other  only  inflames  at  higher  temperature  or  under  a dimi- 
nished pressure.  The  first  variety  may  be  procured  by  heating  phospho- 
rus in  a solution  of  caustic  potassa  ; or  by  acting  upon  'lAiosphurel  of  lime 
by  dilute  hydrochloric  acid.  In  the  former  case  about  a quarter  of  an 
ounce  of  phosphorus  should  be  introduced  into  a small  retort,  capable  of 
holding  about  four  ounces  of  water;  it  should  then  be  completely  filled 
Avith  a moderately-strong  solution  of  potassa,  and  the  beak  being  placed 
under  the  shelf  of  the  pneumatic  apparatus,  the  heat  of  an  Argand  lamp 
carefully  applied  till  it  boils  : gas  Avill  gradually  be  generated,  so  as  to 
expel  a portion  of  the  alkaline  solution,  and  ultimately  to  bubble  up 
through  the  Avater.  Upon  coming  into  contact  Avith  the  air,  the  bubbles 
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inflame  with  a slight  explosion;  and  if  the  atmosphere  is  still,  each  as  it 
hursts  produces  a beautifully-expanding  ring  of  smoke,  in  consequence  of 
tbe  sudden  formation  of  phosphoric  acid  and  water.  If  the  retort,  in 
which  the  gas  is  generated,  contain  common  air,  the  first  hubbies  burn 
within  the  vessel,  and  the  retort  is  frequently  broken  by  the  percussion, 
or  by  the  rush  of  cold  water  from  the  trough,  caused  by  the  sudden 
expansion  and  subsequent  contraction  of  the  air  within:  an  accident  pre- 
vented by  filling  the  retort  with  the  liquid,  or  by  previously  displacing 
part  of  the  alkaline  solution  by  hydrogen  or  nitrogen  gas. 

Eor  obtaining  this  gas  by  the  second  process.  Dr.  Thomson  gives  the 
following  directions : — Fill  a small  retort  with  water  acidulated  by 
hydrochloric  acid,  and  then  throw  into  it  a quantity  of  phosphuret  of  lime 
in  lumps.  Plunge  the  beak  of  the  retort  under  water,  and  place  over  it 
an  inverted  jar  filled  with  that  liquid.  Phosphuretted  hydrogen  gas  is 
extricated  in  considerable  quantity,  and  soon  fills  the  glass  jar.  Half  an 
ounce  of  phosphuret  of  lime  yields  about  70  cubic  inches  of  this  gas. 
{^Ino7'g.  Clicm,^  i.  251.)  Dumas  obtains  it  by  introducing  a little  water 
into  an  inverted  jar  filled  with  and  standing  over  mercury,  and  then 
throwing  up  portions  of  powdered  phosphuret  of  barium  or  calcium, 
WTapped  in  filtering  paper:  the  reaction  is  rapid  at  first,  but  continues 
slowly  for  some  hours.  {Ch.  Jpp.  aux  Arts^  i.  265.)  It  may  also  be 
obtained  by  heating  a mixture  of  1 part  of  phosphorus,  1 6 of  hydrate  of 
lime,  and  4 of  water.  (Raymond,  A?i?i.  de  Chim.^  x.  19.)* 

This  gas  was  discovered  by  Gengembre  in  1733;  it  is  colorless,  has 
a nauseous  odor  like  onions,  or,  according  to  some,  resembling  that  of 
putrid  fish,  a bitter  taste,  and  inflames  when  mixed  with  air,  a property 
which  it  loses  by  being  kept  over  water:  water  takes  up  about  two  per 
cent,  of  this  gas,  and  acquires  a bitter  taste,  and  the  smell  of  onions;  but 
the  solution  has  no  acid  properties  like  that  of  sulphuretted  hydrogen. 
"When  the  gas  is  retained  in  dry  vessels,  or  over  mercury,  and  carefully 
excluded  from  light,  it  may  be  kept  some  time  without  alteration:  bnt,  in 
the  contact  of  water,  and  exposed  to  light,  it  soon  dej)Osits  a red  film, 
without  changing  its  volume,  and  loses  the  property  of  spontaneous 
inflammability.  It  has  been  asserted,  that  in  this  case  the  gas  deposits 
half  of  its  phosphorus,  and  that  a definite  subphosphuretted  hydrogen 
remains ; but  this  statement  requires  further  proof.  Houton  Labilladiere 
has  remarked,  that  bubbles  of  phosphuretted  hydrogen  sent  up  into  a por- 
tion of  common  air  standing  over  mercury,  do  not  inflame  when  the  air  is 
compressed,  or  when  the  mercury  is  at  the  same  level  within  and  without 
the  vessel;  but  that  explosion  immediately  ensues  when  the  confined  air 
is  rarefied  by  lifting  up  the  jar,  so  that  the  column  of  mercury  within 
may  be  above  that  without.  When  bubbles  of  phosphuretted  hydrogen 
are  sent  up  into  a jar  of  oxygen,  they  burn  with  greatly  increased  splen- 
dor; in  chlorine,  too,  they  burn  with  a beautiful  pale  blue  light,  forming 
hydrochloric  acid  and  perchloride  of  phosphorus.  In  a narrow  tube  it 
may  be  mixed  with  oxygen  without  exploding,  in  which  case  it  is 


* Faraday  succeeded  in  liquifying  the 
phosphuretted  hydrogen  gas  obtained  by 
boiling  phosphorus  in  solution  of  caustic 
potassa  : it  condensed  into  a limpid  fluid 


under  high  pressure  in  the  carbonic  acid 
bath  : it  could  not  be  solidified:  a portion 
of  uncondensible  gas  (hydrogen  ?)  always 
remained  {Phil.  Trans.,  1845,  162). 
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deprived  of  its  phosphorus.  It  burns  when  thrown  up  into  nitrous 
oxide. 

Ill  the  experiment  of  throwing  up  bubbles  of  tliis  gas  into  a jar  of 
oxygen,  it  often  happens  that  several  do  not  inflame,  and  if  after  this, 
one  passes  up  and  inflames,  its  explosion  may  endanger  the  vessel:  this 
may  be  prevented  by  adding  a trace  of  chlorine  to  the  oxygen,  by  which 
the  inflammation  of  each  gas  bubble  is  generally  ensured. 

The  second  modification  of  phosphuretted  hydrogen,  which  at  com- 
mon temperatures  and  pressures  is  not  spontaneously  inflammable,  was 
discovered  by  Sir  II.  Davy,  in  1812.  It  is  procured  by  heating  the  solid 
hydrate  of  phosphorous  acid^  or  hydrophosphorous  acid  (p.  419),  in  a 
small  retort.  dpIlO, P03[]=r  PHs,  OHO,  3P05.  The  gas  must  be  col- 
lected over  mercury,  for  water  absorbs  one-eighth  its  volume.  It  is  also 
formed,  according  to  Dumas,  by  the  action  of  strong  hydrochloric  acid  on 
phosphuret  of  calcium.  It  is  not  spontaneously  inflammable,  but  ex- 
plodes when  heated  with  oxygen.  It  inflames  spontaneously  in  chlorine. 
Its  smell  is  less  disagreeable  than  that  of  the  former  gas.  Both  of  these 
gases  frequently  contain  free  hydrogen,  the  relative  proportion  of  which 
may  be  ascertained  by  agitation  with  a cold  saturated  solution  of  sulphate 
of  copper,  which  absorbs  the  phosphuretted  hydrogen,  and  leaves  the  pure 
hydrogen. 

Dumas  infers  from  the  action  of  perchloride  of  mercury  on  this  gas, 
that  100  measures  yield  150  of  hydrogen.  Dr.  Turner,  on  the  authority 
of  Dumas  and  of  Buff  (^Ann.  Ch.  el  Vh.^  xlI.),  considers  100  measures  of 
this  variety  of  phosphuretted  hydrogen  as  constituted  of  150  of  hydrogen 
gas,  and  25  of  the  vapor  of  phosphorus  (Elcm.  Chem.f  hence  if 


C!  rains. 

150  cubic  inches  of  hydrogen  weigh  ,3'1077 

25  „ phosphorus  vapor  33’5425 
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phosphuretted  hydrogen  gas  should  weigh  367402 


The  calculated  density  of  a 
according  to  Gmelin, 

Vapor  of  phosphorus 

Hydrogen 


gas  so  constituted  should  be  1*1853 ; 
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4 4 769  1 1*192 

And  assuming  the  two  gases  to  he  identical  in  composition,  they  will 
contain 

n.  Rose.  Dumas.  Levonier. 

Phosphorus  1 ....  32  ....  91*43  ....  91*32  ....  91*51  ....  91*36 

Hydrogen  3 ....  3 ....  8*57  ....  8*68  ....  8*49  ....  8*64 


Phosphuretted  hydrogen  gas  1 35  100*00  100*00  100*00  100*00 

It  has  been  suspected  that  the  spontaneously  inflammable  phosphu- 
retted hydrogen  derives  its  peculiarities  from  the  presence  of  something 
extraneous,  or,  according  to  Leverrier  (Aim.  Ch.  et  Ph.,  lx.  174),  to  a 
gaseous  compound  of  phosphorus  and  hydrogen,  PH2,  which  is  spon- 
taneously inflammable  and  decomposed  by  light.  Graham  ascertained 
that  Davy’s  hydrophosphoric  gas  was  not  rendered  spontaneously  inflam- 
mable by  the  presence  of  phosphorus  vapor,  and  that  the  spontaneously 
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inflammable  gas  was  deprived  of  that  property  by  very  minute  portions 
of  certain  combustible  bodies,  such  as  potassium,  and  the  vapor  of  ether 
and  essential  oils ; and  lastly,  that  the  property  was  communicated  to 
either  gas  by  the  addition  of  a very  minute  quantity  of  nitrous  acid 
vapor,  varying  from  1-lOOOth  to  l-10,000th  of  the  volume  of  the  gas. 
{Phil.  Mag..,  V.  401,  3 Ser.)  Phosphuretted  hydrogen  combines  with 
several  of  the  perchlorides,  and  with  the  perchloride  of  tin  it  forms  a 
compound  which  is  decomposed  with  the  escape  of  a non-inflammable 
gas  by  water,  but  of  a spontaneously  inflammable  gas  by  solution  of  am- 
monia. 

Grotthus  has  described  a liquid  compound  of  phosphorus  and  hydro- 
gen, analogous  probably  to  the  corresponding  combination  of  sulphur,  (and, 
if  so,  biphosphuret  qf  hydrogen,')  obtained  by  boiling  phosphorus  in  an 
alcoholic  solution  of  potassa.  The  phosphorus  liquifies  and  remains  fluid 
when  cold ; if  boiled  in  water,  phosphuretted  hydrogen  is  evolved,  but 
no  phosphoric  acid  is  formed,  nor  is  the  water  decomposed ; and  phos- 
phorus, which  concretes  as  usual,  remains  behind.  According  to  Magnus, 
when  phosphuret  of  potassium  is  thrown  into  water,  a compound  of 
phosphorus  and  hydrogen  precipitates  in  the  form  of  a yellow  powder. 
These  phosphurets  of  hydrogen  have  been  more  lately  examined  by 
P.  Thenard  {Ann.  Ch,  et  Ph..,  Mai,  1845),  whose  researches  have  also 
explained  much  that  was  obscure  respecting  the  varieties  of  phosphu- 
retted hydrogen  and  the  action  of  phosphuret  of  calcium  on  water.  (See 
Phosphuret  qf  Calcium.) 

Common  phosphorus  always  yields  a trace  of  hydrogen  or  of  phosphu- 
retted hydrogen,  which  it  evolves  when  in  the  act  of  combining  with  some 
of  the  metals,  and  Davy  found  that  by  acting  on  fused  phosphorus  by  the 
voltaic  spark,  small  portions  of  hydrogen  were  given  off. 

Hydriodate  of  Phosphuretted  Hydrogen.  The  dry  gases  con- 
dense on  mixture  into  colorless  crystals.  (Labillardiere,  Ann.  Ch.  et 
Ph.y  vi.  304.)  When  iodine  and  phosphorus  in  equal  atomic  quantities 
are  added  to  a little  water,  hydriodic  gas  is  evolved  and  crystals  similar 
to  the  above  sublime.  Probably  hypophosphorous  acid  is  first  formed 
which  is  resolved  by  the  remaining  water  into  phosphoric  acid  and 
phosphuretted  hydrogen.  2P  -j-  21  -f  5 HO  = P05  -f  PHs,  HI  + HI. 
(L.  Gmelin.)  The  compound  forms  brilliant  prismatic  volatile  and 
deliquescent  crystals,  which  are  resolved  by  water  into  their  component 
gases : they  consist  of 

IL  Rose. 

Phosphuretted  hydrogen  1 ....  35  ....  21’6  ....  20’91 

Hydriodic  acid 1 ....  127  ....  78'4  ....  79*09 

Hydriodate  of  phosphuretted  hydrogen 1 102  lOO’O  lOO’OO 

Phosphorus  and  Nitrogen  ; Phosphuret  op  Nitrogen  : (see  action 
of  ammonia  on  chloride  qf  phosphorus,  p.  428.) 

Ammoniuret  of  Phosphorus.  According  to  Berzelius,  when  phos- 
phorus is  exposed  to  ammonia  standing  over  mercury,  a phosphuret  of 
ammonia  is  produced,  of  a dark  color,  and  pulverulent  texture:  its  pro- 
perties have  not  been  examined.  Bineau  could  not  succeed  in  obtaining 
this  compound.  {Ann.  Ch.  et  Ph,,  Lxvii.  229.) 
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PiiospnoRUS  AND  Sulphur;  Piiosphuret  of  Sulphur;  Sulphuret 
!i:  OF  Phosphorus.  These  substances  may  be  united  by  fusion  in  an  ex- 
■!  hausted  flask,  or  under  water;  in  the  latter  case  they  combine  gradually  as 
I soon  as  the  phosphorus  is  melted,  but  the  heat  must  be  cautiously  applied, 

, as  the  uliter  is  sometimes  suddenly  decomposed  with  explosive  violence. 

Faraday  (Qiiar.  Journ.^  iv.  361)  melted  5 parts  of  sulphur  with  7 of 
C phosphorus  and  agitated  the  compound  in  liquid  ammonia,  by  which  the 
i;  reddish-brown  color  was  removed  and  a pure  fluid  of  a light  yelloAV  color, 

I and  semi-transparent,  remained.  It  retained  its  fluidity  when  cooled 
down  to  ^ and  was  perfectly  liquid  at  32°.  On  remaining  for  some 
weeks  in  a bottle  of  water  it  deposited  crystals  of  sulphur,  and  at  the 
j,  temperature  of  40°  became  a crystalline  mass,  in  which  the  relative 
weight  of  the  phosphorus  to  the  sulphur  appeared  to  be  as  2 to  1. 

Phosphorus 1 32  66’7 

Sulphur  1 16  33-3 

Piiosphuret  of  sulphur  1 48  100 '0 

This  purified  compound  did  not  act  upon  water  at  common  tempera- 
tures, nor  rapidly  even  at  its  boiling-point;  hence,  Faraday  infers  that 
the  rapid  action  of  the  compound  formed  by  heat  in  a tube  when  in 
contact  with  water,  results  from  some  combination  [of  oxygen  and  phos- 
I phorus. 

I When  the  liquid  terchloride  of  phosphorus  is  acted  on  by  sulphu- 
retted hydrogen,  hydrochloric  acid  is  evolved,  and  a yellow  substance  pro- 
duced which  is  a tersulphuret  of  phosphorus.  3HS  + PCl3  = 3HC1 
+ PS3.  (Serullas.) 

§ X.  SELENIUM.  Se.  40. 

This  rare  substance  was  discovered  in  1817  by  Berzelius,  during  an 
examination  of  certain  substances  found  in  the  sulphuric  acid  manu- 
factured at  Gripsholm,  in  Sweden.  (An?i.  Ch.  el  Ph.^  ix.  160.)  The 
sulphur  used  in  these  works  is  procured  from  the  iron  pyrites  of  Fahlun, 
and  the  acid  obtained  from  it  deposits  a red  matter,  which  was  supposed 
to  contain  tellurium,  but  the  peculiarities  of  which  were  traced  to  a dis- 
tinct and  previously  unknown  substance,  to  which  its  discoverer  gave  the 
name  of  Selenmm^  from  ^eX'^vrj^  the  moon. 

Some  difference  of  opinion  exists  as  to  the  place  which  selenium 
should  occupy  in  chemical  arrangements.  Berzelius  includes  it  among 
the  metals;  but  as  it  is  a non-conductor  of  electricity,  and  a most  imper- 
fect conductor  of  heat,  and  as,  in  other  respects,  it  bears  much  analogy 
: to  sulphur,  it  is  generally  placed  among  the  non -metallic  combustibles. 

! Stromeyer  and  Rose  have  detected  it  in  several  metallic  ores  from  the 
i Hartz  mines,  and  amongst  some  of  the  volcanic  products  of  the  Lipari 
islands ; and  it  exists  in  some  of  the  sulpliurets  of  lead  of  Fahlun,  and  in 
the  pyrites  of  the  isle  of  Anglesey. 

Selenium  is  most  readily  obtained  by  the  decomposition  of  selenic 
acid^  which  may  be  effected  by  adding  hydrochloric  acid  to  its  solution  in 
water,  and  immersing  a plate  of  zinc  in  the  mixture : a gray  or  reddish- 
brown  flocculent  precipitate  of  selenium  is  then  deposited.  Berzelius,  in 
his  Lehrhueh  der  Chemie^  has  detailed  the  circuitous  process  by  which  he 

2 F 2 


430 


SELENIUM. 


separated  selenium  from  tlie  red  sediment  of  the  Gripsholm  sulphuric 
acid  (see  also  A7i7i.  of  Phil.,  xiii.,  401,  and  A7ui.  Ch.  et  Ph.,  ix.  160). 
Lewenau  has  described  some  important  improvements  in  the  modes  of 
obtaining  it  in  a pure  state.  {A7i7i.  of  Phil.,  N.S.,  viii.  104.) 

To  extract  selenium  from  the  native  sulphuret,  Magnus  proposes  to 
mix  it  Avith  eight  times  its  Aveight  of  peroxide  of  manganese,  and  to 
expose  the  mixture  to  a low  red  heat  in  a glass  retort,  the  beak  of  Avhich 
dips  into  Avater.  The  sulphur,  oxidized  at  the  expense  of  the  manganese, 
escapes  in  the  form  of  sulpliurous  acid,  Avhile  the  selenium  either  sublimes 
as  such  or  in  the  state  of  selenious  acid:  should  any  of  the  latter  go  over 
into  the  AAmter  it  Avould  there  be  reduced  by  the  sulphurous  acid. 
(Turner,  Ele77i.  of  Che7}i.) 

Selenium,  Avhen  cooled  after  fusion,  has  a reddish-broAvn  color,  and 
dim  metallic  lustre;  its  fracture  is  of  a lead-gray  color.  Its  specific 
gravity  is  4*32.  Specific  heat  = 0'0837.  (Regnault.)  Obtained  from 
its  solutions  by  precipitation  upon  zinc,  it  is  red,  but  becomes  black  when 
boiled  in  Avater.  A dilute  solution  of  selenic  acid  mixed  AAuth  sulphurous 
acid,  and  exposed  to  light,  becomes  covered  Avith  a film  of  reduced 
selenium  of  a gold  color.  When  fused,  and  very  sloAvly  cooled,  its 
surface  is  gray  and  granular,  Avithout  lustre:  and  its  fracture  dull,  like 
that  of  metallic  cobalt.  It  is  brittle,  soft,  and  easily  reduced  to  poAvder, 
is  a non-conductor  of  electricity,  but  not  idioelectric.  (Berzelius.)  Knox 
found  it  to  transmit  electricity  Avhen  in  fusion,  from  a battery  of  60  pairs; 
and  Bonsdorf  rendered  it  electric  by  friction,  when  perfectly  dry.  Under 
certain  circumstances,  it  assumes  a prismatic  crystalline  texture,  .but  not 
very  distinct:  in  thin  layers  it  is  transparent,  transmitting  red  rays:  it  is 
softened  by  heat,  becoming  semifluid  at  21 2^^,  and  perfectly  fusing  at  a 
temperature  someAvhat  higher;  it  remains  for  some  time  soft  on  cooling, 
and  may  be  clraAvn  out  into  filaments  like  sealing- Avax,  Avhich  are  of  a 
gray  metallic  lustre  by  reflected  light,  but  by  transmitted  light  of  a clear 
ruby-red.  Heated  in  a tube  or  small  retort  nearly  to  redness,  or  about 
650°,  it  boils,  and  is  converted  into  a yelloAv  vapor  of  a deeper  color  than 
chlorine,  Avhich  condenses  into  black  drops  that  run  together  like  quick- 
silver. Heated  in  the  open  air  it  rises  in  vapor,  Avhich  may  be  condensed 
into  a red  powder.  It  is  characterized  by  tinging  the  flame  of  the  bloAA^- 
pipe  of  a light  blue  color,  and  by  exhaling,  Avhen  strongly  heated,  a pecu- 
liar and  highly  diffusible  odor  of  decayed  horseradish.  Assuming  the 
combining  volume  of  selenium  vapor  to  be  the  same  as  that  of  sulphur 
Ampor,  and  that  1 volume  of  selenious  acid  includes  I volume  of  oxygen, 
and  one-sixth  of  a volume  of  selenium  vapor,  the  density  of  the  latter 
would  by  calculation  be  16*6392  (air  =1),  and  100  cubic  inches  AA*ould 
Aveigh  515*8  grs.  Its  density  compared  AAuth  hydrogen  Avould  be  240. 

Selei^ium  and  Oxygen.  These  bodies  appear  to  unite  in  three  pro- 
portions, forming  an  oxide  and  tivo  acids. 

Selenious  Oxide;  Oxide  of  Selenium,  SeO,  is  formed  by  heating 
selenium  in  a limited  quantity  of  atmospheric  air,  and  AA^ashing  the 
product  to  separate  a portion  of  acid  Avhich  is  at  the  same  time  formed. 
The  characters  of  this  compound  have  not  been  accurately  examined,  nor  | 
has  its  composition  been  ascertained ; it  is  sjiaringly  soluble  in  Avater,  and 
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passed  through  alkaline  solutions,  imparts  to  them  its  peculiar  odor,  hut 
is  not  absorbed;  it  does  not  redden  litmus.  It  appears  to  be  the  cause  of 
the  peculiar  odor  emitted  during  the  oxidation  of  selenium.  It  probably 
consists  of 


Selenium  1 40  88'3 

Oxygen 1 8 16‘7 


1 48  100-0 


Selenious  Acid.  Se02.  When  a current  of  oxygen  gas  is  passed  over 
3 selenium,  heated  to  its  boiling-point,  it  burns  with  a pale  bluish-green 
] flame,  and  this  acid  sublimes  and  condenses  in  long  brilliant  prismatic 
) crystals,  provided  the  vessel  into  which  it  is  received  is  cold  and  capa- 
) cious;  otherwise,  the  sublimate  is  semifused  and  semitransparent:  this 
i is  dry  selenious  acid : it  loses  its  transparency  by  exposure  to  air,  and 
I rapidly  absorbs  water;  its  vapor  is  of  the  color  of  chlorine.  Selenious 
^ acid  may  also  be  obtained  by  digesting  selenium  in  nitric  or  nitrohydro- 
) chloric  acid  till  entirely  dissolved,  and  then  evaporating  to  dryness.  Its 
i taste  is  sour  and  hot:  its  odor,  when  sublimed,  acrid,  but  not  like  that 
• of  the  oxide.  It  is  very  soluble  in  warm  water,  and  the  solution  fur- 
( nishes  crystals  of  hydrated  acid,  which  wdien  heated,  part  with  their 
I water  before  the  acid  itself  rises  in  vapor.  It  also  dissolves  in  alcohol, 

I and  the  solution  furnishes,  on  distillation,  a liquid  of  an  ethereal  odor. 

1 If  this  alcoholic  solution  be  mixed  with  sulphuric  acid,  and  then  dis- 
tilled, the  product  has  an  odor  so  insupportable,  that  Berzelius  was  unable 
to  proceed  in  its  examination. 

The  selenious  acid  and  its  salts  may  be  decomposed  by  mixture  with 
solution  of  sulphite  of  ammonia  and  the  addition  of  hydrochloric  acid. 
The  selenium  is  slowly  reduced,  the  solution  first  acquiring  a yellow 
color,  and  in  the  course  of  some  hours  depositing  red  flocculi  of  selenium: 
Se02  -h  2S02  = Se  -k  2S03:  the  effect  is  accelerated  by  a boiling  heat, 
and  by  exposure  to  sunshine.  This  acid  forms  precipitates  in  the  solu- 
tions of  silver  and  of  lead;  its  neutral  salts  with  alkaline  bases  convert 
vegetable  blues  to  green,  and  redden  turmeric:  with  sulphuretted  hydrogen 
it  forms  sulphuret  of  selenium  and  water:  Se02  2HS  = SeS2  -f-  2110. 

The  proportion  of  oxygen  in  this  acid  is,  to  that  contained  in  the 
bases  to  which  it  unites  to  form  neutral  salts,  as  2 to  1;  so  that  it  may  be 
considered  as  a compound  of 

Berzelius.  Vols.  Sp.Gr.  Vols.  Sp.Gr. 

Selenium 1 ....  40  ....  71*4  ....  71'21  Selenium  vapor  -1  ....  18-84.... i ....2*773 

Oxygen  2 ....  18  ....  28  6 ....  28-79  Oxygen  gas 8 ....  8*85.... I ....  l-j09 

Selenious  acid  1 58  lOO-Q  100-00  Vapor 8 23-29  1 3-882 


Selenites.  The  selenious  acid  combines  in  1,  2,  and  4 equivalents 
with  bases:  it  forms  few  subsalts.  The  neutral  salts  (MO,Se02)  are  alka- 
line, and  the  bisalts  (iMO,2SeO)  acid  to  test  paper:  the  quadrisalts  are 
limited  to  the  alkalis.  Heated  with  sal  ammoniac  these  salts  yield  a 
sublimate  of  selenium.  The  neutral  selenites  of  ammonia,  potassa,  and 
soda  are  soluble  in  water;  the  other  salts  difficultly,  or  insoluble:  the 
supersalts  are  soluble.  All  the  selenites  are  soluble  in  nitric  acid,  and  in 
alcohol.  (Berzelius.) 
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Selenite  op  Ammonia.  Selenious  acid,  dissolved  in  slight  excess  of 
strong  water  of  ammonia,  and  left  to  evaporate  in  a warm  place,  yields 
four-sided  prisms  and  plates,  and  deliquescent  plumose  crystals:  when 
heated,  a portion  of  quadriselenite  of  ammonia  sublimes  and  fused  sele- 
nium remains.  Their  solution,  exposed  to  air,  loses  ammonia  and  depo- 
sits acicular  crystals  of  hiselenite.  The  quadriselenite  is  deliquescent 
and  uncrystallisable.  (Berzelius.) 

Selenic  Acid.  SeOs.  This  acid  was  first  described  by  Mitscherlich 
and  Nitzsch.  (A?in.  Ch.  et  P/^.,  xxxvi.  100.)  It  is  obtained  by  fusing 
selenium,  or  selenious  acid,  or  any  of  its  salts,  or  a metallic  seleniuret, 
with  nitrate  of  potassa  or  of  soda:  seleniuret  of  lead,  as  the  most  common 
ore  containing  it,  has  generally  been  used : it  is  to  be  digested  in  hydro- 
chloric acid,  to  separate  carbonates,  and  the  residue  mixed  with  its  weight 
of  nitrate  of  soda,  and  gradually  thrown  into  a red-hot  crucible;  the  fused 
mass  is  then  well  washed  in  hot  water,  which  dissolves  the  alkaline  sele- 
niate  and  the  nitrate:  this  solution,  quickly  boiled  down,  deposits  sele- 
niate  of  soda,  and  this  being  separated,  the  nitrate  crystallizes  on  cooling: 
the  mother-liquor  again  boiled  deposits  more  of  the  seleniate,  and  in  this 
way  the  salts  may  be  separated;  for  the  seleniate,  like  sulphate  of  soda, 
is  more  soluble  in  water  at  about  90°  than  at  212°.  The  seleniate  of 
soda  thus  obtained  is  not  quite  pure ; if  it  be  mixed  with  hydrochlorate  of 
ammonia  and  heated,  nitrogen  and  water  are  evolved,  selenium  sublimes, 
and  chloride  of  sodium  is  formed:  the  selenium  is  now  pure,  and  may  be 
converted  by  nitric  or  nitrohydrochloric  acid  into  selenious  acid,  neutral- 
ized with  soda,  and  this  converted  into  seleniate  by  fusion  with  nitrate  of 
soda,  solution,  and  crystallization,  as  before.  The  solution  of  this  pure 
seleniate  may  now  be  decomposed  by  nitrate  of  lead ; the  insoluble  sele- 
iiiate  of  lead  is  well  washed  and  diffused  through  water,  into  which  a 
current  of  sulphuretted  hydrogen  is  passed  to  precipitate  the  lead;  the 
liquid  is  boiled,  to  evaporate  excess  of  sulphuretted  h3^drogen,  and  is  now 
dilute  selenic  acid,  and  may  be  concentrated  by  careful  evaporation.  Its 
purity,  as  respects  fixed  bodies,  is  determined  by  its  perfect  volatility; 
if  sulphuric  acid  be  present,  it  may  be  ascertained  by  boiling  a portion 
with  hydrochloric  acid,  which  produces  selenious  acid,  and  then  testing 
by  chloride  of  barium. 

Selenic  acid  is  a colorless  liquid,  which  may  be  heated  to  about  536° 
without  decomposition;  it  is  partially  changed  at  higher  temperatures; 
and  at  554°,  is  rapidly  resolved  into  selenious  acid  and  oxygen.  When 
concentrated,  by  exposure  to  a temperature  of  about  329°,  it  acquires  a 
specific  gravity  of  2*524;  at  513°,  it  is  2*6:  it  may  be  rendered  somewhat 
denser  by  evaporation  at  higher  temperatures;  but  in  that  case  a portion 
of  selenious  acid  is  formed  in  it ; and  it  is  impossible  to  expel  the  Avhole 
of  its  water  Avithout  decomposition ; it  is  unknoAvn  in  its  anhydrous  state. 
The  hydrated  acid  may  be  represented  by  H0,Se03,  or  H,Se04. 

Selenic  acid  has  a strong  attraction  for  Avater,  and  evolves  much  heat 
Avhen  mixed  Avith  it;  sulphuretted  hydrogen  does  not  decompose  it,  and 
hence  that  gas  may  be  used  to  decompose  some  of  the  metallic  sele- 
niates.,  When  boiled  Avith  hydrochloric  acid,  selenious  acid  and  chlorine 
are  produced,  so  that  the  selcnio-h3'’drochloric  acid  dissolves  gold  upon 
the  same  principle  as  the  nitro-hydrochloric.  It  dissolves  zinc  and  iron 
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with  the  evolution  of  hydrogen;  and  copper,  with  the  production  of 
selenious  acid;  sulphurous  acid,  which  decomposes  selenious  acid,  has  no 
action  on  selenic  acid;  so  that  to  decompose  selenic  acid  in  this  way,  it 
must  first  be  boiled  with  hydrochloric  acid,  which  converts  it  into  sele- 
nious acid,  and  the  sulphurous  acid,  or  a sulphite,  then  effects  the  sepa- 
ration of  selenium.  The  affinity  of  selenic  acid  for  bases  is  little  infe- 
rior to  sulphuric  acid,  for  seleriiate  of  baryta  is  not  completely  decomposed 
by  sulphuric  acid. 

From  the  resemblance,  in  crystalline  form,  of  the  seleniates  to  the  sul- 
phates, Mitscherlich  inferred  that  the  proportion  of  oxygen  in  selenic  acid 
should  correspond  to  that  in  sulphuric  acid;  that  it  should  be  to  the  base 
as  3 to  1 ; and  to  that  in  the  selenious  acid  as  3 to  2.  These  views  were 
confirmed  by  experiment;  the  selenic  acid,  therefore,  consists  of 


Selenium  

1 .... 

....  40  ..., 

62-5  . 

Mitscherlich. 
61-4 

Oxygen 

3 .... 

....  24  ... 

37*5  . 

38-6 

Selenic  acid  

1 

64 

100-0 

100-0 

Seleniates.  The  selenic  and  sulphuric  acids  are  isomorphous,  as  are 
the  seleniates  and  sulphates  (also  the  chromates  and  manganates).  The 
seleniates  mostly  withstand  a red-heat : they  are  more  easily  reduced  at 
high  temperatures  by  hydrogen,  than  the  sulphates.  Heated  with  sal 
ammoniac,  they  are  decomposed  with  the  separation  of  selenium.  The 
seleniates  of  baryta,  strontia,  lime,  and  lead,  are  almost  insoluble  in  water 
and  in  dilute  nitric  acid.  (Mitscherlich.) 

Selenium  and  Chlorine.  When  chlorine  is  passed  over  selenium, 
it  is  absorbed  with  the  production  of  heat,  and  a brown  liquid  results,  not 
very  volatile,  and  heavier  than  water.  It  contains,  according  to  Berzelius, 
2 atoms  of  selenium  and  1 of  chlorine,  and  is  gradually  resolved  by  the 
action  of  water  into  selenium  and  hydrochloric  and  selenious  acids. 
2Se2,  Cl  + 2HO  :=  3Se,  -f  2HC1  + Se02. 

Exposed  to  excess  of  chlorine,  it  absorbs  an  additional  quantity,  and 
becomes  converted  into  a white  solid  hichloride  r=SeCl2,  which  volatilizes 
when  heated,  and  condenses  in  the  form  of  delicate  crystals.  It  dissolves 
with  the  evolution  of  heat  in  water,  producing  a solution  of  hydro- 
chloric and  selenious  acids.  SeCl2  + 2110=  Se02 -f-2HCl.  H.  Bose  has 
described  a compound  of  chloride  of  selenium  and  anhydrous  sulphuric 
acid  (Pogge)id.  xLiv.  315)  =2  QSe2Cl5]  -f-bSOs?  (L.  Gmelin.) 

Selenium  and  Brojiine.  These  substances  readily  combine  with  the 
evolution  of  heat  into  a reddish-brown  fuming  compound,  having  the 
odor  of  chloride  of  sulphur;  it  is  converted  by  the  action  of  water  into 
hydrobromic  and  selenious  acids.  (Serullas,  Arm.  Ch.  et  Ph.^  xxxv.  349.) 

Selenium  and  Iodine  in  equivalent  proportions  fuse  together  into  a 
dark-gray  mass,  from  Avhich  alcohol  abstracts  iodine.  (Tromsdorff, 
Jonrii.  der  Phar'm.) 

Selenium  and  Fluorine.  When  selenium  vapor  is  passed  over  fluo 
ride  of  lead  fused  in  a platinum  vessel,  volatile  crystals  of  fluoride  of  sele- 
nium are  obtained,  decomposed  by  water,  ])ut  soluble  in  hydrofluoric  acid. 
(G.  J.  Knox.) 
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Selenium  and  Hydrogen;  Seleniuretted  Hydrogen;  IIydrose- 
LENic  Acid.  HSe.  Tiiis  gaseous  compound  may  be  obtained  by  the  action 
of  hydrochloric  acid  upon  seleniuret  of  potassium  or  of  iron.  It  is  color- 
less, and  readily  dissolves  in  water,  forming  a solution  at  first  colorless, 
but  after  a time  acquiring  a reddish  hue;  the  solution  smells  and  tastes 
somewhat  like  that  of  sulphuretted  hydrogen;  it  reddens  litmus,  and  per- 
manently tinges  the  skin  of  a reddish-brown.  Nitric  acid  dropped  into  it 
occasions  no  change,  and  the  gas  does  not  readily  escape  from  the  water; 
but,  when  exposed  to  air,  the  solution  gradually  reddens,  and  deposits 
selenium.  It  occasions  precipitates  in  all  solutions  of  neutral  metallic 
salts,  which  are  black  or  dark-brown,  with  the  exception  of  those  from 
zinc,  manganese,  and  cerium,  which  are  flesh -colored.  (Berzelius.) 
Bineau  observes,  that  when  collected  over  impure  mercury,  it  is  gradually 
resolved  into  hydrogen  gas.  Heated  with  tin,  I volume  yields  1 volume 
of  hydrogen  and  seleniuret  of  tin.  {Ann.  Ch.  et  P/^.,  Lxvii.  and  Lxviii.) 

Seleniuretted  hydrogen  is  decomposed  by  the  joint  action  of  air 
and  water;  it  is  absorbed  by  moist  substances,  and  soon  communicates 
to  them  a red  color.  The  selenium  is  thus  remarkably  deposited 
throughout  the  texture  of  organic  bodies.  A piece  of  moist  paper  is 
penetrated  by  the  red  color.  Moist  wood,  and  even  a thin  piece  of 
caoutchouc,  became  in  the  same  way  red  throughout.  It  exerts  a dan- 
gerous action  upon  the  trachea  and  organs  of  respiration ; it  inflames 
the  eyes,  and  painfully  stimulates  the  nasal  membrane,  destroying  for 
some  hours  the  sense  of  smell.  Berzelius  states  that  in  the  first  experi- 
ment which  he  made  upon  this  gas,  he  let  up  into  his  nostrils  a bubble 
about  the  size  of  a pea.  “ It  deprived  me  so  completely  of  the  sense  of 
smell,  that  I could  apply  a hottle  of  concentrated  ammonia  to  my  nose 
without  perceiving  any  odor.  After  five  or  six  hours  I began  to  recover 
the  sense  of  smell,  but  a severe  catarrh  remained  for  about  fifteen  days.” 
On  another  occasion,  a little  of  the  gas  accidentally  escaped;  it  produced 
a sharp  sensation  in  the  nose,  red  eyes,  and  a dry  and  painful  cough,  at 
length  succeeded  by  expectoration  tasting  like  the  vapor  from  a boiling 
solution  of  corrosive  sublimate.  “ These  symptoms  were  removed  by  a 
blister  to  my  chest.  The  quantity  of  seleniuretted  hydrogen  gas  which  on 
each  of  those  occasions  entered  into  my  organs  of  respiration,  was  much 
smaller  than  would  have  been  required  of  any  other  inorganic  substance 
whatever  to  produce  similar  effects.”  {Ann,  of  Phil..,  xiv.  lOJ.)  Dr. 
Prout,  in  his  Bridgewater  Treatise.,  quotes  the  above  passage,  to  show 
how  small  a quantity  of  foreign  matter  may,  when  diffused  in  the  atmo- 
sphere, produce  powerful  effects  upon  the  human  system,  and  suggests  the 
possibility  of  some  such  cause  as  the  origin  of  influenza,  and  some  other 
epidemic  disorders. 

The  specific  gravity  of  seleniuretted  hydrogen  has  not  been  experi- 
mentally ascertained,  but  from  its  analysis  (Berzelius,  Ann.  Ch.  et  Pit., 
ix.  335),  it  appears  to  consist  of 
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Seleniuretted  ) ^ 
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IIydroseleniate  of  Ammonia.  Seleniuret  of  Ammonium.  NII3, 
HSe,  or  Se,NH4.  1 volume  of  seleniuretted  hydrogen  gas  condenses  2 
volumes  of  ammonia,  forming  a white  uncrystallizahle  deposit,  giving  a 
reddish  solution  with  water.  Equal  volumes  of  the  gases  z=NIL3,2IiSe, 
yield  a white  crystalline  compound  : they  are  decomposed  hy  exposure  to 
air  with  the  separation  of  selenium.  (Bineau,  A/m.  Ch.  el  Ph.^  Lxvii.  229.) 

I 

Selenium  and  Nitrogen  have  no  mutual  action,  nor  does  selenium 
, absorb  ammonia;  but  when  seleniuret  of  calcium  and  hydrochlorate  of 
ammonia  are  mixed  and  distilled,  a red  fluid  is  obtained,  of  an  hepatic 
odor,  and  decomposed  by  exposure  to  air,  exhaling  ammonia,  and  leaving 
j selenium. 

Selenium  and  Sulphur.  Sulphur  and  selenium  may  be  mixed  by 
j fusion  in  all  proportions.  An  addition  of  about  one  per  cent,  only  of 
I sulphur  renders  selenium  more  red,  fusible,  and  transparent  when  cold. 

Bisidphu/'ct  of  selenium.^  SeS2,  may  be  obtained  by  passing  sulphuretted 
j hydrogen  into  a solution  of  selenious  acid  : the  fluid  becomes  turbid,  and 
; acquires  a fine  yellow  color,  but  the  precipitate  is  long  in  separating, 

, unless  a little  hydrochloric  acid  be  added : when  warmed,  it  acquires  a 

i red  color  and  viscid  texture,  and  may  be  distilled,  without  decomposition, 

at  higli  temperatures.  It  is  slowly  acted  upon  by  nitric  acid,  but  nitro- 
j hydrochloric  acid  easily  decomposes  it ; it  is  soluble  in  the  caustic  fixed 

! alkalis,  and  in  their  hydrosulphurets,  forming  yellow  solutions,  from 

which  acids  precipitate  it.  Burned  in  the  air,  it  at  first  exhales  a sulphu- 


rolls  odor,  but  afterwards  the 

smell  of  horseradish  prevails. 

It  consists  of 

Selenium  

1 40  ... 

Berzelius. 

55-21 

Sulphur 

2 32  ... 

44-4  

44-70 

Bisulpliuret  of  selenium  .... 

1 72 

100-0 

100-00 

Selenium  and  Phosphorus  ; Phospiiuret  of  Selenium.  Dropped 
into  melted  phosphorus,  selenium  forms  a red  compound,  apparently 
soluble  in  all  proportions  in  the  fused  phosphorus.  AVhen  phosphorus  is 
saturated  with  selenium,  an  easily-fusible  compound  results,  which,  on 
cooling,  acquires  a brown  lustre  and  vitreous  fracture.  When  this 
phosp/ntrel  of  sele/iimn  is  digested  in  water,  a small  portion  of  the  phos- 
phorus is  oxidized,  and  the  water  acquires  the  odor  of  seleniuretted 
hydrogen,  and  deposits  selenium  when  exposed  to  the  air.  The  com- 
pound is  dissolved  when  boiled  in  caustic  potassa,  and  the  solution 
contains  phosphate  and  hydroseleniuret  of  potassa.  (Berzelius,  A/m. 
Ch.  et  Ph..^  ix.  238.) 

§ XI.  CARBON.  C.  6. 

The  purest  form  of  this  important  and  abundant  element,  is  the  dia~ 
i/wnd.^  a mineral  first  discovered  in  Asia,  in  the  provinces  of  Golconda  and 
Visapour,  in  Bengal,  and  in  the  island  of  Borneo.  About  the  year  1720, 
diamonds  were  found  in  the  district  of  Serra  Dofrio,  in  Brazil,  and  from 
this  locality  the  European  market  is  now  chiefly  supplied.  The  Brazilian 
mines  are  stated  to  furnish  from  10  to  13  lbs.  weight  of  diamonds  annu- 
ally : of  which  not  more  than  from  800  to  900  carats  are  fit  for  jewellery, 
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the  rest,  under  the  name  of  Bort^  being  used  for  other  purposes.  But  if 
the  diamonds  fit  for  cutting  are  few,  those  which  are  tolerably  large,  pure  in 
color,  and  free  from  defects,  are  still  more  rare.  All  the  largest  diamonds 
are  from  Golconda : the  largest  Brazilian  diamond  on  record  is  in  pos- 
session of  the  crown  of  Portugal,  but  it  has  not  been  cut  or  polished : it 
weighs  95  carats.  Diamonds  occur  in  detached  crystals  in  alluvial  soil  ; 
though  it  appears  probable,  from  a specimen  described  by  Mr.  Heuland 
(GeoL  Trans. ^ 2nd  Series,  i.  419),  that  in  Brazil  the  real  matrix  is  an 
iron-stone  which  forms  beds  resting  on  primary  chlorite  slate.  Accord- 
ing to  Mr.  Yoysey,  the  diamonds  of  the  Nalla  Malla  Mountains,  in  Hin- 
dustan, are  found  in  a species  of  pudding-stone  or  breccia,  composed  of 
fragments  of  jasper,  quartz,  and  calcedony.  (Phil.  Mag.,  2nd  Series,  i. 
147.)  The  primitive  form  of  the  diamond  is  the  regular  octohedron,  each 
triangular  facet  of  which  is  sometimes  replaced  by  six  secondary  triangles, 
bounded  by  curved  lines;  so  that  the  crystal  becomes  spheroidal,  and 
presents  forty-eight  facets.  Diamonds,  with  twelve  and  twenty-four 
facets,  are  not  uncommon.  (Jameson’s  Mhieralogy,  2nd  edit.,  vol.  i.  p.  1.) 
The  diamond  has  been  found  nearly  of  all  colours:  those  which  are  color- 
less are  most  esteemed;  then  those  of  a decided  red,  blue,  or  green  tint. 
Black  diamonds  are  extremely  rare.  Those  which  are  slightly  brown,  or 
tinged  only  with  other  colors,  are  least  valuable. 

The  fracture  of  the  diamond  is  foliated,  its  laminae  being  parallel  to 
the  sides  of  a regular  octohedron.  It  is  somewhat  brittle  but  very  hard; 
its  specific  gravity  varies  from  3'4  to  3'6,  it  is  most  commonly  3*52.  It 
is  a non-conductor  of  electricity,  frequently  phosphorescent  (p.  120),  and 
has  a very  high  refractive  and  dispersive  power  in  regard  to  light,  as 
compared  with  its  density  (p.  91).  It  is  not  acted  upon  by  any  solvent. 
It  is  combustible,  and  burns  in  the  air  at  high  temperatures,  into  carbo- 
nic acid.  All  attempts  to  fuse  or  crystallize  carbon,  in  other  words  to 
form  diamonds  artificially,  have  signally  failed.  Some  suppose  the  carbon 
of  the  diamond  to  be  of  organic  origin,  and  from  traces  of  silica  and  iron 
contained  in  the  residue  of  their  combustion,  and  the  careful  microsco- 
pical examination  of  their  ash,  Petzold  has  inferred  traces  of  vegetable 
parenchyma  (Journ.  filr  jjraktisch.  Cliem.,  xxiii.  475.)  Gdbel  supposes 
the  carbon  derived  from  carbonate  of  lime,  and  reduced  at  high  temper- 
atures by  the  metals  of  the  earths,  (Poggend.,  xx.  539 ;)  these  opinions, 
however,  are  not  supported,  and  we  can  only  surmise  either  that  the 
diamond  is  derived  from  carbon  Avhich  has  been  slowly  cooled  from  the 
state  of  fusion,  or  that  it  has  crystallized  from  some  unknown  solvent : 
for  there  are  many  diamonds  which,  when  burned,  leave  no  residue, 
though  from  others  it  may  amount  to  as  much  as  0T5  or  even  0’2  per 
cent.,  being  partly  a brownish  powder,  and  partly  yellowish  crystalline 
particles.  (Dumas  and  Stas,  Ann.  CJi.  et  Ph.,  Lxxvi.  1 ; Erdmann  and 
Marchand,  Journ.  f ur  j)r.  Chem.,  xxiii.  159.) 

The  art  of  cutting  and  polishing  diamonds,  though  probably  of  remote 
antiquity  in  Asia,  was  first  introduced  into  Europe  in  1456,  by  Louis 
Berghen,  of  Bruges,  who  accidentally  discovered,  that,  by  rubbing  tAvo 
diamonds  together,  a new  facet  Avas  produced.  The  particular  process  of 
forming  the  rough  gems  into  hrilliants  and  rose  diamonds  has  been 
described  at  length  by  Jeffries.  (On  Diamonds  and  Pearls,  3rd  edit., 
London,  1800.)  By  either  of  these  processes,  but  especially  by  the  for- 
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[ mer,  so  mucli  is  cut  uway,  that  the  weight  of  the  polished  gem  does  not 
' exceed  half  that  of  the  rough  stone;  so  that  the  value  of  a brilliant-cut 
> diamond  is  esteemed  equal  to  that  of  a similar  rough  diamond  of  twice 
the  'weight,  exclusive  of  the  cost  of  workmanship.  The  weight,  and 
I therefore  the  value  of  diamonds,  is  estimated  in  carats^  150  of  which  are 
about  equal  to  one  ounce  troy,  or  480  grains.  They  are  divided  into 
halves,  quarters,  or  carat  grains,  eighth,  sixteenth,  and  thirty-second  parts. 

The  difference  of  value  between  one  diamond  and  another  of  equal 
merit,  is,  generally  speaking,  as  the  squares  of  their  respective  weights: 

! thus,  the  value  of  three  diamonds,  of  one,  two,  and  three  carats’  weight 
respectively,  is  as  one,  four,  and  nine.  The  average  price  of  rough 
j diamonds  is  estimated  by  Jeffries  at  2/.  per  carat;  and,  consequently, 

I when  wrought,  the  cost  of  the  first  carat,  exclusive  of  workmanship,  will 
he  8/.,  which  is  the  value  of  a rough  diamond  of  two  carats. 

! <3^. 


A WTOiwht  diamond  of  3 carats  is  worth  

72 

jj 

4 ditto 

55  

12G 

jj 

5 ditto 

55  

200 

>> 

10  ditto 

55  

800 

» 

20  ditto 

55  

3,200 

55 

30  ditto 

55  

7,200 

55 

40  ditto 

55  

12,800 

55 

50  ditto 

55  

20,000 

55 

GO  ditto 

55  

28,800 

55 

100  ditto 

55  

80,000 

This  mode  of  valuation,  however,  only  applies  to  small  diamonds,  in 
consequence  of  the  difficulty  of  finding  purchasers  for  the  larger  ones. 

The  largest  known  diamond  is  probably  that  mentioned  by  Tavernier, 
in  the  possession  of  the  Great  Mogul:  its  size  is  about  that  of  half  a 
hen’s  egg:  it  is  cut  in  the  rose  form,  and  when  rough,  is  said  to  have 
weighed  900  carats:  it  was  found  in  Golconda  about  the  year  1550. 
Among  the  crown-jewels  of  Russia  is  a diamond  weighing  195  carats:  it 
is  the  size  of  a small  pigeon’s  egg,  and  was  formerly  the  eye  of  a Brah- 
minical  idol,  whence  it  was  purloined  by  a French  soldier ; it  passed 
through  several  hands,  and  was  ultimately  purchased  by  the  Empress 
Catherine,  for  the  sum  of  90,000/.  in  ready  money,  and  an  annuity  of 
4000/.  Perhaps  the  most  perfect  and  beautiful  diamond  hitherto  found, 
is  a brilliant  brought  from  India  by  an  English  gentleman  of  the  name  of 
Pitt,  who  sold  it  to  the  Regent  Duke  of  Orleans,  by  whom  it  was  placed 
among  the  crown  jewels  of  France:  it  weighs  rather  more  than  136 
carats,  and  was  purchased  for  100,000/.  In  the  year  1828,  a collection 
of  diamonds  of  extraordinary  size  and  beauty  was  in  the  possession  of 
IMessrs.  Rundell,  Bridge,  and  Co.,  of  London:  the  suite  consisted  of 
eight,  of  various  shapes  and  sizes,  the  smallest  weighing  55  grains,  and 
the  largest  151  grains:  with  one  exception  they  were  all  brilliant  cut. 

The  principal  use  of  the  diamond  is  in  ornamental  jewellery,  but  it  is 
also  importantly  applicable  in  some  of  the  arts ; in  consequence  of  its 
extreme  hardness  it  is  employed  for  the  pivot-holes  in  delicate  watch  and 
clock  work,  and  it  has  been  used  to  form  the  holes  through  which 
extremely  fine  wires  are  drawn : it  also  furnishes  the  only  convenient 
tool  for  cutting  glass;  for  this  purpose  the  edge  of  one  of  the  small  cur- 
vilinear crystals  is  used,  for  the  edges  of  the  crystals  formed  by  flat  plates 
only  scratch,  without  producing  that  peculiar  fissure  by  which  the  glass 
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can  be  smoothly  split.  (Wollaston,  Phil.  Trans. ^ 1816,  p.  265.)  Mi- 
croscopic lenses  have  also  been  formed  of  diamond. 

Charcoal.  This  is  another  well-known  form  of  carhon:  it  is 
obtained  in  abundance  by  the  destructive  distillation  of  various  organic 
products,  and  its  characters  and  properties  vary  with  its  source.  It  may 
be  prepared  by  heating  pieces  of  wood  in  a close  vessel,  or  in  a crucible 
covered  with  sand,  to  redness,  and  keeping  them  in  that  state  for  about 
an  hour,  or  till  all  volatile  matters  are  expelled.  They  are  thus  converted 
into  a black  brittle  porous  substance,  which  appears  to  be  essentially  the 
same,  from  whatever  kind  of  wood  it  has  been  procured.  Sugar  and 
certain  other  substances  which  neither  contain  nitrogen  nor  leave  any 
residue  after  combustion,  when  intensely  heated  in  closed  vessels  yield  a 
very  pure  charcoal ; it  always,  however,  retains  traces  of  oxygen  and 
hydrogen;  thus,  Erdmann  and  Marchand  found  in  the  carbon  of  sugar 
obtained  at  a white  heat,  3*1  per  cent,  of  oxygen,  and  0*6  of  hydrogen: 
even  after  it  had  been  subjected  for  3 hours  to  the  highest  temperature 
of  a blast-furnace,  it  retained  0'5  per  cent,  oxygen,  and  0*2  hydrogen. 
By  passing  the  vapors  of  certain  hydrocarbons,  and  of  oils,  alcohol,  and 
ether,  through  white-hot  porcelain  tubes,  very  pure  forms  of  carbon  are 
also  deposited. 

Common  charcoal,  employed  as  fuel,  is  usually  made  of  oak,  chest- 
nut, elm,  beech,  or  ash  wood,  the  resinous  woods  being  seldom  used. 
A^oung  wood  affords  a better  charcoal  than  large  timber,  which  is  also 
too  valuable  to  be  thus  employed.  The  billets  are  formed  into  a conical 
pile,  which,  being  covered  with  earth  or  clay,  is  suffered  to  burn  with  a 
limited  access  of  atmospheric  air,  by  which  its  complete  combustion,  or 
reduction  to  ashes,  is  prevented.  (See  Ure'’s  Piet,  oj  Arts Art.  Charcoal.) 

Another,  and  a more  perfect  mode  of  preparing  charcoal,  consists  in 
submitting  the  wood  to  a red  heat  in  a kind  of  distillatory  apparatus 
consisting  of  cast-iron  cylinders,  from  which  issue  one  or  more  tubes  for 
the  escape  of  gaseous  matters  and  vapors.  The  makers  of  gunpowder 
particularly  prefer  this  process.  (A  plate  of  this  apparatus  is  given  in 
Parkes’  Chemical  Essays.) 

The  quantity  of  charcoal  obtained  from  different  kinds  of  wood  is 
liable  to  much  variation.  The  following  table  drawn  up  from  the  expe- 
riments of  Allen  and  Pepys  {Phil.  Trans.^  1807),  find  of  Griffiths,  (Quar. 
Jour.^  xvi.  264),  shows  the  produce  of  charcoal  from  1000  parts  of  several 
rarities  of  dense  and  light  woods. 


Ebony 305 

Botany  Bay-wood  281 

Brazil-wood  260 

Eveoas-wood 225 

King-wood 220 

Tnlip-wood 208 

Satin-wood 207 


Box 202 

Fir  181 

Lignnm-vit£e  175 

Oak 174 

Mahogany  157 

Beech 150 


Charcoal  is  a black,  insoluble,  inodorous,  insipid,  brittle  substance. 
According  to  J.  Davy,  charcoal  in  extremely  thin  filaments  is  translu- 
cent : he  found  the  light  transmitted  to  vary  in  its  hues  from  almost 
white,  as  in  the  instance  of  the  thinnest  plates  of  the  charcoal  of  the  pith 
of  elder,  to  brown  and  red  of  various  shades,  in  the  instances  of  lamp- 
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black,  anthracite,  and  plumbago.  {EcL  Phil.  Traris.)  It  is  an  excellent 
conductor  of  electricity,  but  a bad  conductor  of  heat ; unchanged  by  the 
combined  action  of  air  and  moisture  at  common  temperatures,  and  easily 
combustible  in  oxygen  gas.  Its  specific  heat,  as  estimated  by  Regnault, 
is  0'241]1  ; the  average,  as  given  by  Dulong  and  Petit,  is  0'25.  When 
pure  it  is  perfectly  infusible  at  all  known  temperatures;  in  the  cases  in 
which  it  was  supposed  to  have  been  fused,  some  impurities  apparently 
have  existed  in  the  charcoal  employed;  upon  this  subject  a series  of 
experiments  have  been  published  by  Silliman.  {Qiuarterly  Journ..,  xvi. 
157.)  Under  common  circumstances  of  ignition  it  does  not  appear  to 
volatilize,  but  from  the  experiments  of  Le23lay  and  Laurent  (Ann.  Ch. 
et  Ph.^  Lxv.  417),  it  seems  not  improbable  that  in  the  process  of  steel- 
making the  penetration  of  iron  by  carbon  may  be  partly  clue  to  its 
volatility;  and  in  the  voltaic  ignition  of  charcoal  points,  carbon  passes 
from  the  positive  to  the  negative  side  in  the  arc  of  flame  : so  that  a con- 
cavity ensues  upon  the  surface  whence  the  + electricity  emanates,  and 
concretion  upon  the  opposite  pole.  It  is  capable  of  destroying  the  smell 
and  taste  of  a variety  of  vegetable  and  animal  substances,  and  of  abstract- 
ing certain  substances  dissolved  in  fluids.  (Lowitz,  CreWs  Annals.,  ii. 
165.)  The  use  of  charring  piles;  of  throwing  charcoal  into  putrid  water; 
of  wrapping  it  in  clothes  that  have  accj^uired  a bad  smell ; of  adding  it  to 
port  wine,  with  a view  of  making  it  tawny,  depends  upon  the  above 
properties;  but  its  most  important  application  of  this  kind,  is  in  the 
sugar  refinery.  M.  Bussy  has  published  some  interesting  observations  on 
the  discoloring  power  of  charcoal,  in  the  Journal  de  PharmacAe  for  June, 
1822,  of  which  an  abstract  will  be  found  in  the  Quarterly  Journal.,  xiii. 
406.  It  appears  from  his  experiments,  that  certain  physical  conditions 
are  recjuisite  for  the  manifestation  of  this  propertjg  especially  porosity, 
minute  division,  and  a dull  earthy  aspect ; and  that  it  is  not  possessed 
by  any  hard  and  brilliant  charcoal  even  when  finely  powdered.  Upon 
this  principle,  he  accounts  for  the  superior  efficacy  of  certain  charcoals 
obtained  by  burning  animal  substances,  over  that  of  vegetables,  in  the 
destruction  of  color.  According  to  Payen,  animal  charcoal,  boiled  with 
lime-water,  deprives  it  entirely  of  lime,  an  effect  not  produced  by  lamp- 
black or  vegetable  charcoal.  (Quarterly  Journal^  xv.  384.)  Well- 
burned  charcoal  shaken  with  water  contaminated  by  sulphuretted  hydro- 
gen, entirely  deprives  it  of  that  gas,  so  that  when  filtered  it  is  not  only 
inodorous,  but  is  not  discolored  by  solution  of  lead.  Warington  has 
observed  that  the  salts  of  the  vegetable  alkaloids,  such  as  sulphate  of 
quinia.  See.,  are  abstracted  from  their  solutions  by  animal  charcoal,  and 
has  mentioned  several  inorganic  salts  which  are  similarly  removed. 
(Mem.  Ch.  S'oe.,  1845.)  He  was  led  to  this  inquiry  by  attempting  to 
decolor  ale,  so  as  to  give  it  the  pale  tint  prized  in  the  India  market, 
when  the  whole  of  the  bitterness  was  found  to  be  abstracted  by  filtration 
through  animal  charcoal.  Hopff  (Journ.  de  Pharm..,  xvii.  172),  and  Che- 
vallier,  (The  Chemist^  April,  1844),  have  also  experimented  upon  this 
subject.  These  peculiar  powers  of  charcoal  in  abstracting  not  merely 
coloring  and  odorous  matters,  but  also  other  organic  and  inorganic  bodies 
from  their  solutions,  should  render  chemists  extremely  cautious  in  resort- 
ing to  it  in  analytical  inquiries. 

When  animal  charcoal  which  has  been  used  for  the  purpose  of  de- 
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coloration  is  again  burned,  it  regains  its  former  efficacy,  provided  its 
texture  is  not  materially  changed ; and  the  bone  charcoal  (retaining  the 
phosphate  of  lime)  after  it  has  been  used  by  the  sugar  refiner,  is  fre- 
quently burned  and  re-employed  several  times  successively ; at  length, 
hov^ever,  from  the  prevalence  of  the  charcoal  derived  from  the  adhering 
sugar,  and  the  destruction  of  the  original  character  of  the  article,  its 
powers  become  so  far  diminished  as  not  to  be  worth  reburning. 

Newly-made  charcoal  has  the  property  of  absorbing  certain  quantities 
of  the  different  gases.  Upon  this  subject  the  experiments  of  M.  Theodore 
de  Saussure  are  the  most  recent.  (Thomsons  Annals^  vol.  vi.)  The 
charcoal  was  heated  red-hot,  then  suffered  to  cool  under  mercury,  and 
introduced  into  the  gas.  The  following  are  the  volumes  of  different 
gases  absorbed  by  a volume  of  charcoal  = 1. 


Ammonia 90 

Hydrochloric  acid  85 

Sulplmrous  acid  65 

Sulphuretted  hydrogen  55 

Nitrous  oxide  40 

Carbonic  acid  35 


Bicarburetted  hydrogen 35 

Carbonic  oxide  9 ’42 

Oxygen  9‘25 

Nitrogen 7*5 

Carhuretted  hydrogen 5 

Hydrogen  1*75 


The  absorption  was  always  at  its  maximum  at  the  end  of  twenty-four 
hours,  not  being  increased  by  retaining  the  charcoal  longer  in  the  gas. 
When  charcoal,  already  saturated  with  any  one  gas,  is  put  into  another,  it 
gives  out  a portion  of  the  gas  already  absorbed,  and  takes  up  a portion  of 
the  new  gas.  It  would  also  appear  that  this  absorptive  quality  partly 
depends  upon  the  mechanical  texture  of  the  charcoal,  and  consequently 
will  vary  in  the  different  woods;  for,  by  exposing  the  charcoal  of  different 
woods  to  air,  Allen  and  Pepys  found  that  they  increased  very  differently 
in  weight.  By  a week’s  exposure,  charcoal  from 


Lignum-vitae  gained  ....  9*6  per  cent. 

Fir  13*0  „ 

Box 14-0 


Beech 

Oak  

Mahogany 


16-3  per  cent. 


16-5 

180 


?3 

33 


The  matter  absorbed  in  these  cases  consisted  principally  of  aqueous 
vapor,  which  is  very  greedily  imbibed  by  neAvly-made  charcoal. 

x\ccorcling  to  Vogel,  when  recently-ignited  charcoal,  which  has  been 
cooled  under  mercury,  is  put  into  ajar  of  atmospheric  air,  it  absorbs  the 
oxgyen  of  the  air  to  a greater  extent  than  the  nitrogen.  (ScHWEiGGEffs 
Journal^  iv.)  A piece  of  well-burned  charcoal  cooled  under  mercury  and 
then  introduced  into  a mixture  of  oxygen  and  sulphuretted  hydrogen 
gases  rapidly  absorbed  them,  and  then  became  ignited  and  caused  explo- 
sion. (A.  Taylor.) 

Wood  charcoal  generally  contains  about  one-fiftieth  of  its  weight  of 
alkaline  and  earthy  salts,  which  remain  in  the  form  of  ash^  after  its  com- 
bustion, but  the  quantity  and  quality  of  this  ash  vary  considerably  in 
different  trees  and  plants. 

Animal  charcoal,  obtained  by  the  carbonization  of  animal  substances, 
such  as  muscle,  horn,  or  hoof,  resembles  the  former  in  its  general  charac- 
ters, but  instead  of  retaining  the  form  of  the  matter  from  which  it  is  pro- 
duced, as  is  the  case  with  the  generality  of  vegetable  charcoal,  it  appears 
as  if  it  had  undergone  fusion,  and  often  has  a peculiar  lustre  and  spongi- 
ness. In  all  animal  charcoals  we  discover  traces  of  nitrogen,  derived 
probably  from  the  presence  of  paracyanogen,  or  of  mellone : they  also  con- 
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tain  tlie  fixed  saline  and  other  bodies  which  existed  in  their  respective 
sources.  The  residuary  charcoal,  obtained  by  the  distillation  of  hone,  is 
called  hone-black  and  ivory-black  in  commerce,  and  is  mixed  with  the 
phosphate  of  lime  and  other  salts  contained  in  the  earthy  part  of  the 
|!  hone,  so  that  for  some  purposes  it  requires  to  be  freed  from  these  salts  by 
' digesting  it  in  dilute  hydrochloric  acid,  and  then  washing  and  drying  it. 
Some  of  the  peculiarities  of  animal  charcoal  as  regards  the  destruction  of 
odors  and  color  have  already  been  mentioned,  and  have  been  referred  to 
its  peculiar  texture,  rather  than  to  any  peculiarity  of  composition,  char- 
coal being  essentially  the  same,  under  all  its  various  forms.  When  vege- 
i table  matters,  for  instance,  mixed  with  earthy  substances  are  charred,  they 
yield  a product  the  properties  of  which  resemble  those  of  animal  charcoal: 
thus  a mixture  of  100  parts  of  thin  pipe-clay,  20  of  tar,  and  500  of 
powxlered  coal  dried  and  calcined,  gave  a charcoal  of  great  decolorizing 
power.  Of  the  different  kinds  of  charcoal  used  for  decoloration,  bone 
charcoal,  or  ivory-black,  is  comparatively  feeble,  although  it  is  superior|to 
wood  charcoal.  The  following  table  shows  the  efficiency  of  several 
varieties  of  these  charcoals  compared  with  ivory-black.  Column  I. 
represents  1 gramme  (or  15*4  grains)  of  the  different  kinds  of  charcoal 
experimented  on.  Column  II.  shows  the  quantity  of  test  indigo  liquor 
(in  grammes)  decolored  by  each  gramme  of  the  respective  charcoals;  this 
indigo  liquor  contained  one-thousandth  of  indigo,  so  that  each  gramme  of 
the  decolored  liquor  represents  a thousandth  of  a gramme  of  indigo 
absorbed  by  the  charcoal.  Column  III.  shows  the  relative  decoloration 
of  a solution  of  I part  of  raw  sugar  in  20  of  water,  also  in  grammes. 
Column  IV.  shows  the  relative  decoloration  of  the  indigo,  and  Column 
V.  that  of  the  brown  syrup,  in  reference  to  the  effect  of  ivory-black. 


I.  II.  III.  iv.  V. 

1.  Common  bone  charcoal,  or  ivory-black 32  9 TOO  I’OO 

2.  Oil  charred  with  phosphate  of  lime (14  17  2’00  TOO 

3.  Bone  charcoal  washed  with  hydrocliloric  acid  60  15  1*87  I'GO 

4.  No.  3 calcined  wdth  carbonate  of  potassa  1450  180  45*00  20  00 

5.  Calcined  lamp-black 128  30  4*00  3*30 

6.  No.  5 calcined  with  carbonate  of  potassa  550  90  15*20  lO  flO 

7.  Charcoal  of  carbonate  of  soda  decomposed  by  ) 19*00  8*80 

phosphorus  J 

8.  Charcoal  of  acetate  of  potassa 180  40  5*60  4*40 

9.  Starch  calcined  with  carbonate  of  potassa  340  80  10*60  8*80 

10.  Albumen  or  gelatin  calcined  with  carbonate  of  1 35*00  15*50 

potassa J 

11.  Blood  charred  with  phosphate  of  lime  380  90  12*00  10*00 

12.  Blood  charred  with  carbonate  of  lime  570  100  18*00  11*00 

13.  Blood  charred  with  carbonate  of  potassa  1600  180  50*00  20*00 


Lamp-black  is  prepared  principally  by  the  combustion  of  refuse  and 
residuary  resin,  left  by  the  distillation  of  turpentine.  It  is  burned  in  a 
furnace,  so  constructed  that  the  dense  smoke  arising  from  it  may  pass 
into  chambers  hung  with  old  sacking,  where  the  soot  is  deposited,  and 
from  time  to  time  swept  off,  and  sold  without  any  further  prepara- 
tion. (Aikin’s  Dictionary^  Art.  Charcoal.  Dumas,  Chhn.  app.  aux  Arts.) 
When  lamp-black  has  been  heated  red-hot,  it  may  be  regarded  as  a very 
pure  form  of  charcoal,  for  it  burns  entirely  away,  and  leaves  no  residuary 
ash,  but,  as  above  observed,  it  retains  traces  of  oxygen  and  hydrogen.  x\. 
substance  analogous  to  lamp-black  is  obtained  by  passing  tlie  vapor  of 
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certain  oils,  and  of  liydrocarbonous  compounds,  through,  red-hot  tubes;  at 
that  high  temperature  they  are  more  or  less  perfectly  decomposed,  and 
let  fall  a quantity  of  very  impalpable  charcoal,  in  which,  however,  as  in 
lamp-black,  traces  of  hydrogen  may  he  detected.  One  of  the  principal 
uses  of  lamp-black  is  in  the  manufacture  of  printers  ink.  For  this  pur- 
pose it  has  lately  been  obtained  by  the  combustion  of  purified  coal-tar. 
(Urb’s  Diet,  of  Arts.,  Art.  Black.)  Spanish-black  is  the  carbon  of  cork  ; 
Vine-black,  that  resulting  from  vine-tendrils,  and  Peach-black  from 
peach  kernels  : the  two  former  have  a brownish  tint,  and  the  latter  a 
bluish  tint.  German  or  Frankfort-black,  is  said  to  be  obtained  by  the 
carbonisation  of  a mixture  of  grape  and  wine  lees,  peach  kernels,  and 
bone  shavings,  and  to  be  especially  fit  for  copperplate  printing. 

Coal-gas  Charcoal.  A singular  form  of  pure  charcoal  is  occasion- 
ally deposited  in  coal-gas  retorts,  and  in  the  tubes  connected  with  them, 
resulting  from  the  decomposition  of  the  first  products  of  the  distillation 
of  coal.  It  has  a gray  color,  and  often  exhibits  a laminated  texture  ; its 
streak  is  black,  and  it  breaks  with  an  earthy  fracture:  its  specific  gravity 
is  about  1*8.  It  sometimes  happens  that  the  gas  escapes  through  some 
crack  in  the  retort,  in  which  case  a peculiar  carbonaceous  deposit  forms 
upon  the  surrounding  brick-  work,  of  a stalactitie  character,  an  iron-gray 
color,  and  considerable  lustre;  it  does  not  easily  burn,  nor  does  it  soil  the 
fingers ; and  some  specimens,  from  their  appearance,  might  be  considered 
as  metallic.  Its  specific  gravity  is  about  Some  years  ago,  Mr. 

Charles  Macintosh,  of  Glasgow,  made  steel  by  passing  coal-gas  over 
ignited  iron  placed  in  an  air-tight  iron  chest:  in  this  process  much  car- 
bon was  deposited  in  various  states,  but  some  of  it  assumed  the  remark- 
able form  of  capillary  filaments,  and  tufts  of  a metallic  lustre ; they  were 
very  difficult  of  combustion,  but  when  deflagrated  with  nitre  yielded  no 
trace  of  iron,  and  were  apparently  pure  carbon.  All  these  forms  of  car- 
bon are  conductors  of  electricity.  (Colquhoun,  Ann.  of  Phil.,N.S.,^\i.  50.) 

Plumbago.  Graphite.  Black  Lead.  This  substance  must  be  con- 
sidered as  one  of  the  forms  of  carbon.  It  is  well  known  in  the  manufac- 
ture of  pencils,  for  which  purpose  it  is  almost  exclusively  obtained  from 
the  mine  of  Borrowdale,  at  the  west  end  of  Derwent  Lake,  in  Cumber- 
land, where  it  was  first  wrought  during  the  reign  of  Elizabeth^'.  In  a less 
pure  state  it  is  not  an  uncommon  mineral,  occurring  in  detached  masses 
generally  in  primitive  rocks.  It  is  of  an  iron-gray  color,  metallic  lustre, 
and  soft  and  greasy  to  the  touch:  its  specific  gravity  varies  from  L9  to 
2*3  ; it  occasionally  occurs  crystallized  in  hexangular  plates;  it  conducts 
electricity,  is  infusible,-  and  very  difficult  of  combustion,  and  is  an  excel- 


* In  sawing  the  Cumberland  and  other 
fine  varieties  of  graphite  into  the  small 
prisms  used  in  pencil-making,  a consider- 
able portion  is  lost  in  the  form  of  powder  ; 
this  has  usually  been  sold  for  the  purpose 
of  making  anti -attrition  applications,  and 
the  mixtures  used  for  cleaning  or  covering 
cast  iron.  Mr.  Brockedon,  however,  has 
ascertained  that,  under  great  pressure  and 
exclusion  of  interstitial  air,  this  powder 


may  be  squeezed  into  adherent  masses  as 
dense  and  applicable  to  the  same  purposes 
as  the  original  plumbago,  and  has  patented 
this  ingenious  invention.  Another  process 
of  rendering  the  waste  of  the  pencil-maker 
available  as  “ artificial  black-lead,”  invented 
in  1795  by  Messrs.  Conti  and  Humboldt, 
is  described  at  length  in  Ure’s  Dictionary 
of  Arts,  dec.  (Art.  Pencil.) 


COKE. 
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1 lent  ingredient  in  crucibles  and  melting-pots  intended  to  withstand  high 
j|  temperatures,  especially  when  protected  by  mixture  with  refractory  clay. 
" When  it  is  burned  in  a stream  of  oxygen  gas,  it  leaves  a small  quantity 
i of  yellow  ash,  composed  chiefly  of  oxide  of  iron,  but  varying  in  quantity 
j in  different  specimens.  According  to  Yanuxen  (Silliman’s  Jour.,  x. 
[i  105),  the  following  are  the  components  of  three  varieties  of  this  mineral; 

the  two  first  are  the  pure  and  impure  varieties  from  Borrowdale,  and  the 
k third  a pure  specimen  from  Bustletown,  Pennsylvania. 


i. 

2. 

3. 

Carbon 

88-37  .... 

61-27  ... 

95*4 

Water  

1-23  .... 

5-33  ... 

0-6 

Silica  

5-10  .... 

....  10*10  ... 

2-6 

Alumina  

1-00  .... 

3*20  ... 

0-0 

Oxides  of  iron  and  manganese.... 

3-60  .... 

....  20*00  ... 

1*4 

99-30 

99*90 

100*0 

Schrader  analysed  the  ashes  remaining  after  the  combustion  of  200 
grains  of  English  and  200  grains  of  Spanish  plumbago,  with  the  following 
j results.  {Aim.  of  Phil., 


Borrowdale. 

Spanish 

Frotoxide  of  iron  

11-6 

. . 14*2 

Silica  

7-0 

3*0 

Alumina 

4-6  . .. 

2-4 

Oxide  of  copper 

0-0  ..  .. 

10 

Titanic  acid  

6-3 

3*1 

29-5 

23*7 

It  seems  probable,  therefore,  that  in  plumbago  the  oxide  of  iron  is  in 
combination  with  titanic  acid  and  silica,  and  not  with  the  carbon  so  as  to 
constitute  a carburet  of  iron.  Some  specimens,  indeed,  as  those  from 
Barreros  in  Brazil,  scarcely  contain  a trace  of  iron. 


Anthracite.  Mineral  Charcoal.  Glance-coal.  The  culm  of 
Wales,  and  the  Kilhenny-coal  of  Ireland,  are  species  of  this  mineral.  It 
much  resembles  common  coal  in  appearance,  but  is  difficult  of  combustion, 
and  burns  without  flame,  smell,  or  smoke,  and  leaves  very  little  ash.  Its 
specific  gravity  is  about  1‘4. 

Coke  is  the  carbonaceous  residue  of  the  distillation  of  pit-coal;  it  has 
a porous  texture,  and  more  or  less  lustre,  frequently  appearing  metallic; 
in  small  fragments  it  is  very  difiicult  of  combustion  in  the  flame  of  a 
candle,  but  when  employed  in  large  masses  as  fuel,  it  produces  an  intense 
and  steady  heat.  It  varies  extremely  in  purity,  but  when  carefully 
prepared  from  the  purest  varieties  of  coal,  it  leaves  little  residue  after 
combustion. 

Such  are  the  principal  varieties  of  carbon:  the  diamond  appears  to  be 
this  element  in  its  purest  form,  for  it  mostly  burns  away  without  residue, 
and  affords  scarcely  any  appreciable  traces  of  foreign  matter:  the  other 
forms  of  carbon,  on  the  contrary,  yield  indications  of  extraneous  sub- 
stances, such  as  oxygen,  nitrogen,  hydrogen,  or  metals,  or  their  oxides. 
They  are  all  infusible,  and  the  porous  varieties  are  very  bad  conductors 
of  heat ; with  the  exception  of  the  diamond,  they  conduct  electricity,  but 
some  of  them  more  perfectly  than  others,  and  plumbago  and  very  dense 
Yol.  I.  2 G ‘ 
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and  well-burned  wood-charcoal  almost  rival  some  of  the  metals  in  this 
respect;  this  circumstance,  and  the  strong  lustre  of  some  of  the  species 
of  charcoal,  seem  almost  to  justify  Dobereiner  in  placing  it  among  the 
metals  under  the  name  of  Carhonium.  Berzelius  describes  diamond, 
graphite,  and  charcoal,  as  three  allotropic  modifications  of  carbon,  dis- 
tinguishing them  by  the  symbols  Ca,  C/3,  and  C7. 

The  accurate  determination  of  the  atomic  weight  of  carbon  is  a matter 
of  much  importance,  and  is  now,  consistently  with  Dr.  Front’s  original 
views,  almost  universally  admitted  to  be  :=  6 on  the  hydrogen  scale.  The 
elaborate  experiments  of  Dumas  and  Stas  have  further  sanctioned  the 
entire  accuracy  of  this  equivalent,  so  that  the  fractional  numbers  6T3  (or 
76‘4  upon  the  oxygen  scale),  and  6.05  adopted  by  Berzelius  and  others, 
will  probably  fall  into  disuse. 

Carbon  and  Oxygen.  Though  these  substances  possess  for  each 
other  a very  powerful  affinity,  they  do  not  combine  at  common  tempera- 
tures: to  this  remark,  however,  there  are,  perhaps,  some  exceptions,  and 
it  appears  that  certain  forms  of  carbon  may  exist,  which  produce  carbonic 
acid  whenever  they  come  into  contact  with  oxygen ; these  are,  probably, 
peculiar  to  organic  combinations. 

The  only  binary  compounds  of  carbon  and  oxygen  which  can  be  iso- 
lated, are  carbonic  oxide  = CO,  and  carbonic  acid:r:C02;  there  are  many 
other  hydrated  or  hydracids  which  may  be  hypothetically  derived  from 
these,  and  especially  the  oxalic  acid=C203,  HO,  or  CO,  CO2,  HO  or 
C2O4  H,  but  these  are  reserved  for  further  consideration,  more  espe- 
cially amongst  organic  compounds. 

Carbonic  Oxide.  Gaseous  Oxide  of  Carbon.  CO.  This  gas,  which 
was  discovered  by  Priestley  {Ohs,  on  Ah',  i.  298),  may  be  obtained  by  sub- 
jecting carbonic  acid  to  the  action  of  substances  Avhich  abstract  a portion  of 
its  oxygen.  Upon  this  principle  it  is  produced  by  heating,  in  an  iron  retort, 
an  intimate  mixture  of  carbonate  of  lime  (chalk)  and  charcoal:  Ca0,C02 
-\-C  = CaO  + 2CO  : or  of  equal  weights  of  chalk  and  iron  or  zinc  filings, 
Ca0,C02  + Zn=r:CaO,  -f  ZnO  -1-  CO.  It  is  also  obtained  by  heating  a mix- 
ture of  equal  parts  of  oxide  of  zinc  and  charcoal ; but  the  mixture  which  in 
this  way  is  said  to  afford  it  most  pure  is  equal  parts  of  carbonate  of  baryta 
and  clean  iron  filings;  these  should  be  introduced  into  a small  earthen 
retort,  so  as  nearly  to  fill  it,  and  exposed  to  a red  heat:  the  first  portion 
of  gas  being  rejected  as  mixed  with  the  air  of  the  retort,  it  may  after- 
wards be  collected  nearly  pure : it  should  be  washed  with  lime-water,  and 
may  afterwards  be  preserved  over  water.  Carbonic  oxide  may  also  be 
obtained  by  gently  heating  oxalic  acid  with  five  or  six  times  its  weight 
of  sulphuric  acid ; the  mixture  effervesces  in  consequence  of  the  evolution 
of  equal  volumes  of  carbonic  oxide  and  carbonic  acid  gas ; the  latter  may 
be  abstracted  by  a caustic  alkaline  solution,  and  pure  carbonic  oxide  gas 
remains.  (Dumas,  Edinburgh  Journal  of  Science,  vi.  350.)  In  this  case 
the  evolution  of  carbonic  oxide  and  acid  is  caused  by  the  abstraction  of 
water  from  oxalic  acid  which  contains  in  its  anhydrous  state  the  elements 
of  I atom  of  carbonic  oxide  and  1 atom  of  carbonic  acid;  but  these  can 
only  exist  as  oxalic  acid  when  in  union  with  water,  or  with  a base,  anhy- 
drous oxalic  acid  not  having  been  isolated.  Crystallised  oxalic  acid  is 
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= C203,3H0,  which  acted  upon  by  3 atoms  of  oil  of  vitriol  =3  [S03,II0] 
becomes  3 [803,2110]  + CO2  + CO ; the  hydrated  sulphuric  acid  remains 
in  the  retort,  the  carbonic  acid  is  abstracted  by  passing  the  gases  through 
a solution  of  caustic  potassa,  and  the  carbonic  oxide  passes  off.  Another 
source  of  carbonic  oxide,  suggested  by  Fownes  {Mem.  Chem,  Soc.^  i.  251), 
is  the  action  of  10  parts  of  concentrated  sulphuric  acid  on  1 part  of  pul- 
verised crystals  of  ferrocyanide  of  potassium;  the  gas  thus  obtained  is 
pure  and  evolved  in  the  proportion  of  300  cubic  inches  from  half  an  ounce 
of  the  salt.  Ferrocyanide  of  potassium  contains  cyanide  of  potassium 
=:K,C2N,  and  cyanide  of  iron  — Fe,C2N : they  are  converted  by  the  oil 
of  vitriol  into  sulphates  of  potassa  and  of  iron,  sulphate  of  ammonia,  and 
carbonic  oxide : thus,  in  regard  to  the  cyanide  of  potassium,  K,C2N  + 2 
[S03,H0] +2H0:;i:K0,S03  + NH40,SO3  + 2C0.  It  not  unfrequently 
happens  that  carbonic  oxide  is  formed  by  the  combustion  of  carbon  when 
the  supply  of  oxygen  is  inadequate  to  the  production  of  carbonic  acid : 
hence  the  lambent  blue  flame  which  sometimes  plays  upon  a coke  or  char- 
coal fire,  or  is  seen  to  issue  from  certain  furnaces:  this  is  in  fact  passing 
carbonic  acid  over  red-hot  charcoal;  so  that  C02-1-C  becomes  2CO. 

The  nature  of  carbonic  oxide  was  first  made  known  by  Cruickshank, 
in  1802  (Nicholson’s  4to  Joiirnal,  v.) ; and  about  the  same  time  it  was 
examined  by  Clement  and  Desormes.  {Ann.  de  Chim.^  xxxix.  26.) 

The  specific  gravity  of  this  gas  compared  to  hydrogen  is  as  14  to  1 ; 
and  to  atmospheric  air  as  0*9706  to  1*0000;  100  cubical  inches  weighing 
29*0979  grains.  (At  the  temperature  of  32°  100  cubic  inches  weigh 
31*8790  grains.  Thomson.)  It  is  very  fatal  to  animals,  and  produces 
giddiness  and  fainting  when  respired  mixed  with  atmospheric  air.  {Phil. 
Mag.,  xLiii.  367-)  When  breathed  pure,  it  almost  immediately  produces 
profound  coma.  It  extinguishes  flame,  and  burns  with  a peculiar  blue 
light,  when  mixed  with,  or  exposed  to,  atmospheric  air.  Sir  II.  Davy 
found  that  the  temperature  of  an  iron  wire  heated  to  dull  redness  w^as 
sufiicient  to  inflame  it.  It  has  no  taste  and  little  odor,  it  does  not  affect 
vegetable  colors,  occasions  no  precipitate  in  lime  w^ater,  and  is  very  spa- 
ringly absorbed  by  water  which  has  been  deprived  of  air.  When  burned 
under  a dry  bell-glass  of  air  or  oxygen,  no  moisture  whatever  is  deposited, 
showing  that  it  contains  no  hydrogen.  Carbonic  acid  is  the  only  result  of 
this  combustion. 

Carbonic  oxide  suffers  no  change  by  being  passed  and  repassed 
through  a red-hot  porcelain  tube ; nor  is  it  decomposed  at  high  tempe- 
ratures by  phosphorus,  sulphur,  nor  even,  according  to  the  experiments 
of  Saussure,  by  hydrogen  {Joimial  de  Physique,  lv.),  though  it  is  stated, 
upon  other  authorities,  that  at  high  temperatures  hydrogen  does  decom- 
pose it.  When  1 volume  of  carbonic  oxide  is  detonated  wdth  1 of  nitrous 
oxide,  there  result  1 volume  of  carbonic  acid  and  1 of  nitrogen.  (Henry, 
Ann.  of  Phil.,  N.  S.,  viii.  299.)  On  this  principle  is  founded  a method 
of  ascertaining  the  purity  of  nitrous  oxide,  it  being  implied,  that  that  gas 
is  free  from  nitric  oxide.  Let  a given  volume,  say  100  measures,  be 
exploded  with  slight  excess  of  carbonic  oxide, — if  the  nitrous  oxide  be 
pure,  100  measures  of  carbonic  acid  should  be  produced,  and  whatever  is 
short  of  that  proportion  may  be  ascribed  to  impurity.  None  of  the  metals 
exert  any  action  upon  this  gas,  except  potassium  and  sodium,  which,  at  a 
red-heat,  burn  in  it  by  abstracting  its  oxygen,  and  carbon  is  deposited. 
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Dr.  Henry  found,  that  when  a mixture  of  carbonic  oxide  with  more  than 
lialf  its  volume  of  oxygen  is  exposed  over  mercury  in  contact  with  spongy 
platinum,  to  a temperature  between  300°  and  310°,  it  begins  to  be  con- 
verted into  carbonic  acid,  and,  at  a heat  a few  degrees  higher,  is  quickly 
acidified.  At  common  temperatures  these  mixtures  are  very  slowly  acted 
on.  When  carbonic  oxide  is  added  in  an  equal  volume  to  a mixture  of 
hydrogen  and  oxygen  gases  in  explosive  proportions,  it  prevents  spongy 
platinum  from  causing  detonation  ; but  the  gases  slowly  act  on  each 
other,  and  form  water  and  carbonic  acid.  The  platinum  occasions  mix- 
tures containing  less  carbonic  oxide  to  explode.  (Phil.  Trans.y  1824, 

p.  271.) 

The  composition  of  carbonic  oxide  is  determined  by  the  result  of  its 
combustion  with  oxygen,  with  which  it  forms  carbonic  acid.  When  two 
volumes  of  carbonic  oxide  and  one  of  oxygen  are  acted  on  by  the  electric 
spark*,  detonation  ensues,  and  two  volumes  of  carbonic  acid  are  produced : 
hence  it  follows,  that  carbonic  oxide  contains  half  as  much  oxygen,  and 
the  same  quantity  of  carbon,  as  carbonic  acid,  and  assuming  carbonic 
oxide  to  he  a protoxide  of  carbon^  it  will  consist  of 

Gay  Lussac.  Volumes.  Sp.  Gr. 

Carbon 1 6 ....  42’86  ....  43’  Carbon  vapor  CO  ....  0‘4160 

Oxygen I ....  8 ....  57’14  ....  57’  Oxygen  gas  0’5  ....  0*5546 


Carbonic  oxide  . ..1  14  lOO’OO  100*  1 0*9706 

As  carbon  cannot  be  converted  into 
vapor,  its  density  in  that  state  cannot 
of  course  be  experimentally  deter- 
mined, and  therefore  any  assumption 
as  to  its  combining  volume  must  be 
purely  hypothetical.  But,  since  car- 
bonic oxide  consists  of  6 parts  of  carbon  and  8 of  oxygen  by  weight, 
(1  atom  and  1)  and  carbonic  acid,  of  6 of  carbon  and  16  of  oxygen 
(1  atom  and  2) ; and  assuming  the  combining  volume  of  carbon  vapor  to 
be  the  same  as  that  of  hydrogen  gas;  then,  in  carbonic  oxide  there 
would  be  2,  and  in  carbonic  acid  1 volume  of  carbon  vapor  united  with 
1 of  oxygen,  and  the  sp.  gr.  of  oxygen  to  that  of  carbon  vapor  w^ould  be 
as  16  to  6,  or  1*1092  to  0*416,  as  represented  in  the  above  table.  If,  on 
the  other  hand,  as  Mitscherlich  suspects,  the  combining  volume  of  carbon 
vapor  be  the  same  as  that  of  oxygen  gas  (namely,  half  that  of  hydrogen) 
then  carbonic  oxide  gas  would  contain  equal  volumes  of  oxygen  and 
carbon  vapor,  and  carbonic  acid,  2 and  1,  in  which  case  the  sp.  gr.  of 
oxygen  to  carbon  vapor  would  be  as  8 to  6,  or  1*1092  to  0.832.  It  is, 
however,  possible  that  the  combining  volume  of  carbon  vapor  may  be  less 
or  more  than  that  thus  assumed. 

Carbonic  oxide  is  sometimes  represented  as  performing  the  part  of  an 
elementary  base ; uniting,  for  instance,  with  oxj^gen  to  form  carbonic,  and 
oxalic  acids;  with  chlorine  to  form  chlorocarbonic  acid;  and  with  amide 
to  form  oxamide ; hence,  in  regard  to  oxalic  acid^  the  term  oxalyle  pro- 
posed for  it  by  Berzelius. 


6 

o*  j 

8 1 _ 

* The  combustion  may  be  effected  in  the 
common  detonating  tube,  (fig.  265,)  or  in 
Ure’s  Eudiometer,  (fig.  281,)  or  in  the 


detonator,  (fig.  266.)  In  the  latter  case 
the  light  evolved  is  extremely  brilliant. 
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Carbonic  Oxide  and  Chlorine.  Oxychloride  of  Carbon.  Chlo- 

ROCARBONIC  OR  ClILOROXICARBONIC  AciD.  PhOSGENE  GaS,  CO, Cl. 

This  gas  was  obtained  by  Dr.  J.  Davy  {Phil.  Trcms..^  1812,  p.  144),  by 
exposure  to  solar  light  of  a mixture  of  equal  volumes  of  chlorine  and 
carbonic  oxide:  hence  its  name,  from  (^ct>9,  lights  and 7eFvact>,  to  produce. 
It  is  also  formed  by  exposing  the  mixed  gases  to  ordinary  daylight,  but 
several  hours  are  required  for  the  purpose.  When  perfectly  excluded 
from  light  these  gases  exert  no  mutual  affinity.  In  the  sunshine  the 
mixture  diminishes  in  bulk  to  half  its  original  volume,  and  forms  a com- 
pound of  a very  peculiar  and  pungent  odor,  but  not  disagreeable  when 
considerably  diluted.  It  reddens  litmus;  is  soluble  in  water,  and  resolved 
by  it  into  carbonic  cmd  hydrochloric  acid  gases.  Alcohol  and  pyroxylic 
spirit  absorb  it,  and  form  peculiar  ethereal  compounds.  The  specific  gra- 
vity of  chlorocarbonic  acid  to  hydrogen  is  as  50  to  1,  and  to  common  air 
as  3*425  to  1.  100  cubical  inches  weigh  about  106  grains:  at  32°,  100 

cubical  inches  weigh  113*85  grains.  (Thomson.) 

When  till  or  zinc  are  heated  in  one  volume  of  this  gas,  they  abstract 
and  combine  with  the  chlorine,  and  evolve  one  volume  of  carbonic  oxide. 
When  potassium  is  heated  in  it,  potassa  and  chloride  of  potassium  are 
formed,  and  carbon  evolved.  It  does  not  detonate  by  the  electric  spark 
either  with  oxygen  or  hydrogen  singly,  but  if  mixed  with  1 volume  of 
hydrogen  and  0*5  volume  of  oxygen,  it  explodes,  yielding  carbonic  and 
hydrochloric  acids.  Phosphorus  and  sulphur  may  be  sublimed  in  it 
without  change.  It  consists  of 

Si”*'™ } ' **  ■ jpl  jcarbonicoxide  .28,.., 1..,, 0-9706 

Sne 1 36 72rl“'*o™« 72 . • ,2-4543 


Chlorocarbonic  acid  ....  1 50  100  1 50  100  1 3*4249 

Chlorocarbonic  acid,  in  reference  to  the  theory  of  substitutions,  has 
been  regarded  as  carbonic  acid  in  which  1 equivalent  of  oxygen  is  replaced 
by  1 of  chlorine.  H.  Rose  represents  it  as  a carbonate  of  bichloride  of 
carbon  = C02,CC]2.  {Poggend.^  Lii.  77*) 


Chlorocarbonate  of  Ammonia.  2jNH3,C0,01.  Chlorocarbonic  acid 
condenses  4 volumes  or  2 atoms  of  ammonia,  producing  a peculiar  deli- 
quescent compound  of  a white  color,  which  is  resolved  by  the  action  of 
water  into  hydrochlorate  and  carbonate  of  ammonia.  This  salt  is  also 
decomposed  by  sulphuric,  nitric,  and  hydrochloric  acid,  which  evolve  from 
it  2 volumes  of  hydrochloric  and  1 volume  of  carbonic  acid;  it  dissolves 
without  effervescence  in  acetic  acid,  and  sublimes  unaltered,  when  heated 
in  carbonic  or  sulphurous  acid  gas.  (J.  Davy.)  It  dissolves  in  alcohol, 
but  not  in  ether.  (Regnault.)  Its  components  are 


Carbon  .... 
Oxygen 
Chlorine  . 
Hydrogen 
Nitrogen  , 


I ....  6 ...  7*2  I 

1 ....  8 ....  9*5  I*  Chlorocarbonic  acid  1 ....  50  ....  59*5 

1 ....  36  ....  42-8  1 

2 ::::  2® ::::  sill  Ammonia 2 ....  34 ....  40-5 


1 84  100*0  1 84  1000 

According  to  Regnault  {Ann.  Ch.  cf  Ph.^  Lxix.  180),  this  compound 
contains  sal-ammoniac  and  a compound  of  carbonic  oxide  and  amidogen, 
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or  carbamide^  which,  however,  has  not  been  isolated;  for  1 atom  of  chlo- 
rocarbonic  acid  and  2 atoms  of  ammonia  contain  the  elements  of  carba- 
mide and  bydrochlorate  of  ammonia  (or  chloride  of  ammonium),  CO,  Cl 
+ 2 NH3  = CO,  NH2  + NH4CI. 


Caubamide,  therefore,  is  a compound  of 


Carbon 

Oxygen  

..  1 .... 
1 ... 

....  6 .... 
...  8 ... 

20-0  1 

26-8  J 

j-  = 1 Carbonic  oxide  .. 

. 14  ... 

46-8 

Nitrogen  

Hydrogen 

..  1 .... 
..  2 .... 

. . 14  .. 
....  2 . .. 

46-61 

....  6*6  J 

|-  — 1 Amidogen 

..  16  ., 

53*2 

Carbamide  . 

..  1 

39 

100-0 

30 

100-0 

Carbonic  Acid.  Fixed  Air.  Aerial  Acid.  C02.  This  important 
compound  was  first  described  by  Dr.  Black,  in  1757?  under  the  name  of 
fixed  aivy  in  his  inaugural  dissertation  on  magnesia.  It  is  produced  by 
burning  carbon,  either  pure  charcoal,  or  graphite,  or  the  diamond,  in 
oxygen  gas ; the  oxygen  in  thus  becoming  converted  into  carbonic  acid 
gas,  suffers  no  change  of  bulk,  so  that  the  quantity  of  carbon  in  carbonic 
acid  may  be  learned  by  comparing  its  weight  with  that  of  an  equal  volume 
of  pure  oxygen. 

Combustion  of  the  Diamond.  The  combustibility  of  the  diamond  seems 
first  to  have  occurred  to  Newton.  In  the  year  1694  the  Florentine 
Academicians  verified  his  anticipations,  and  proved  its  destructibility  by 
heat  by  means  of  a burning  lens.  The  2)roducts  of  its  combustion  were 
first  examined  by  Lavoisier,  in  1772,  and  subsequently  with  more  preci- 
sion by  Guyton  Morveau,  in  1785.  [Ann.  de  Chim.y  xxxi.)  In  1797? 
{Phil.  Trans,  f)  Tennant  demonstrated  the  important  fact,  that  when  equal 
weights  of  diamond  and  pure  charcoal  Were  submitted  to  the  action  of 
red-hot  nitre,  the  results  were  in  both  cases  the  same:  and,  in  1807? 
{Phil.  Trans. y)  the  combustion  of  the  diamond  in  pure  oxygen  was  found 
by  Allen  and  Pepys  to  be  attended  with  precisely  the  same  results  as  the 
combustion  of  pure  charcoal. 

When  the  diamond  is  heated  in  the  flame  of  the  blow-pipe  it  soon 
begins  to  burn,  and  the  combustion  continues  as  long  as  the  temperature 
is  sufiiciently  high,  but  it  does  not  produce  heat  enough,  during  its 
combination  with  the  oxygen  of  the  atmosphere,  to  maintain  its  com- 
bustion. If,  whilst  thus  burning,  it  be  introduced  into  a jar  of  pure 
oxygen,  the  combustion  continues  longer,  and  sometimes  till  the  whole  is 
consumed:  the  best  support  for  it,  in  this  experiment,  is  a small  loop  of 
platinum  wire,  or  a very  small  and  thin  platinum  spoon,  perforated  with 
many  holes;  in  this  it  may  first  be  intensely  heated  by  the  oxygen  blow- 
pipe, and  whilst  burning,  carefully  immersed  into  a bottle  of  pure  oxygen 
gas  containing  a little  lime-water : a good  cork,  through  which  the  wire 
of  the  spoon  passes,  should  secure  the  mouth  of  the  bottle : it  will  thus  go 
on  burning  brilliantly  for  some  time,  and  the  formation  of  carbonic  acid 
be  shown  by  the  milkiness  of  the  lime-water.  In  securing  the  fragment 
of  diamond  for  this  experiment  in  the  loop  of  platinum  wire,  care  must 
be  taken  to  select  the  latter  of  proper  diameter : if  too  thin,  the  intense 
heat  produced  during  the  combustion  is  apt  to  fuse  it ; and  if  too  thick, 
it  extinguishes  the  diamond  by  its  cooling  or  heat-conducting  power. 
A small  prismatic  piece  of  pure  graphite,  such  as  is  used  for  pencils,  .or  of 
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pure  and  hard  charcoal  may  he  similarly  burned  with  the  same  results. 
As  regards  the  graphite,  it  will  he  found  that  it  is  nearly  as  difficult  of 
combustion  as  the  diamond:  it  should  be  carefully  annealed  previous  to 
ignition,  by  cautiously  heating  it  in  the  flame  of  a spirit-lamp,  when  it 
will  generally  endure  a white -heat  without  splintering  into  fragments. 

The  combustion  of  the  diamond  may  also  be  effected  by  placing  it 
upon  a proper  platinum  capsule  in  a jar  of  pure  oxygen  inverted  over 
mercury,  and  throwing  upon  it  the  focus  of  a burning  lens.  Sir  II. 
Davy,  when  at  Florence,  in  1814  (Phil,  Trans. ^ 1814,  p.  558),  used  for 
this  purpose  the  lens  employed  in  the  first  trials  on  the  action  of  solar 
heat  on  the  diamond,  instituted  by  Cosmo  III.,  Grand  Duke  of  Tuscany : 
he  found  that  the  diamond  continued  to  burn  in  the  oxygen,  after  being 
withdrawn  from  the  focus,  with  so  brilliant  a light  as  to  be  visible  in  the 
brightest  sunshine,  and  with  very  intense  heat. 

The  following  is  another  form  of  apparatus  which  may  be  employed 
for  exhibiting  the  results  of  the  combustion  of  the  diamond.  It  consists 
of  a glass  globe,  of  the 
capacity  of  about  140 
cubical  inches,  furnish- 
ed with  a cap,  having  a 
large  aperture ; the  stop  - 
cock, which  screws  into 
this  cap,  has  a jet  a, 
rising  from  it,  nearly 
into  the  centre  of  the 
globe;  this  is  destined  to 
convey  a small  stream  of 
hydrogen.  Two  wires, 
c c,  terminate  at  a very 
little  distance  from  each 
other,  just  above  this 
jet,  and  are  intended  to 
inflame  the  stream  of 
hydrogen  by  electrical 
sparks;  one  of  them  com- 
mences from  the  side 
of  the  jet,  the  other  is 
enclosed  and  insulated 
nearly  in  its  whole  length 
in  a glass  tube:  the  tube 
and  wire  pass  through 
the  upper  part  of  the 
stop-cock,  and  the  wire 
terminates  on  the  out- 
side in  a ball  or  ring  d,  at  which  sparks  are  to  be  taken  from  the 
machine,  either  directly  or  by  a chain.  On  the  end  of  the  jet  is  fixed, 
by  a little  socket,  a small  capsule  b,  made  of  platinum-foil.  This  capsule 
is  pierced  full  of  small  holes,  and  serves  as  a grate  to  hold  the  diamonds. 
Its  distance  is  about  three-quarters  of  an  inch  from  the  end  of  the  jet;  and 
the  arm  by  which  it  is  supported  is  bent  round,  so  that  the  stream  of 
hydrogen  shall  not  play  against  it.  The  stop-cock  screws  by  its  lower 
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termination  on  to  a small  pillar,  fixed  on  a stand,  and  at  the  side  of  this 
pillar  is  an  aperture,  by  which  a bladder  filled  with  hydrogen  gas  may  be 
connected  with  the  apparatus. 

On  using  the  apparatus,  the  diamond  is  to  be  placed  in  the  capsule ; 
and  then  the  globe  being  screwed  on  to  the  stop-cock,  the  latter  is  to  be 
removed  from  the  pillar  and  placed  on  the  air-pump ; the  globe  is  then 
to  be  exhausted,  and  afterwards  filled  with  pure  oxygen;  or,  lest  the 
stream  of  oxygen  in  entering  should  blow  away  the  diamond,  the  globe 
may  be  filled  with  the  gas  first,  and  then,  dexterously  taking  out  the 
stop-cock  for  a short  time,  the  diamond  may  be  introduced,  and  the  stop- 
cock replaced.  The  apparatus  is  then  to  be  fixed  on  the  pillar,  and  a 
bladder  of  hydrogen  gas  attached  to  the  aperture.  Now,  passing  a, current 
of  sparks  between  the  wires,  a small  stream  of  hydrogen  is  to  be  thrown 
in,  which  inflaming,  immediately  heats  the  diamond  and  capsule  white- 
hot;  the  diamond  will  then  enter  into  combustion,  and  the  hydrogen 
may  be  immediately  turned  off  and  the  bladder  detached.  The  diamond 
will  continue  to  burn,  producing  a strong  white  heat,  until  so  far  reduced 
in  size  as  to  he  cooled  too  low  by  the  platinum  with  which  it  lies  in 
contact.  When  the  flame  of  hydrogen  is  used  to  heat  the  diamond,  it  is 
evident  a little  water  will  be  formed  in  the  globe,  but  this  is  of  no  con- 
sequence except  in  attempts  to  detect  hydrogen  in  the  diamond;  the 
inconvenience  may  in  that  case  be  obviated  by  using  the  flame  of  carbonic 
oxide.  As,  however,  no  hydrogen  has  at  any  time  been  detected  in  the 
diamond,  it  is  better  to  use  that  gas  as  the  heating  agent : for  then  the 
carbonic  acid,  produced  by  the  combustion,  is  unmixed  with  that  from 
any  other  source. 

The  following  method  of  illustrating  the  products  of  the  combustion 
of  the  diamond  was  employed  by  Allen  and  Pepys  {Phil.  Trans.^  1807) : 
a a are  mercurial  gasometers,  one  of  which  is  filled  with  pure  oxygen  gas. 
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The  brass  tubes  h 5,  properly  supplied  with  stop-cocks,  issue  from  the 
gasometers,  and  are  connected  with  the  platinum  tube  c c,  which  passes 
through  the  small  furnace  d.  e is  a glass  tube  passing  into  the  mercurio- 
pneumatic  apparatus,  by  which  the  gas  may  be  drawn  out  of  the  gaso- 
meters into  convenient  receivers.  A given  weight  of  diamond  is  intro- 
duced into  the  centre  of  the  platinum  tube,  which  is  then  heated  to  bright 
redness,  and  the  gas  passed  over  it,  backwards  and  forwards,  by  alternately 
compressing  the  gasometers.  Carbonic  acid  is  soon  formed,  and  it  is 
found  that  the  increase  of  Aveight  sustained  by  the  oxygen  is  equivalent 
I to  that  lost  by  the  diamond;  that  the  oxygen  undergoes  no  change  of 
J bulk;  and  that  the  results  are,  in  other  respects,  similar  to  those  obtained 
J by  the  combustion  of  perfectly  pure  charcoal,  or  of  graphite,  similarly 
I burned. 

When  charcoal  is  burned  in  a jar  of  oxygen  gas,  the  phenomena  of 
I the  combustion  very  much  depend  upon  the  nature  of  the  charcoal,  which, 

I if  well  made,  and  of  a dense  wood,  glows  with  intense  heat  and  gradually 
} disappears,  but  if  of  a lighter  wood,  and  especially  if  covered  with  por- 
j tions  of  the  bark,  throws  off  jets  of  brilliant  sparks,  and  furnishes  one  of 
the  most  striking  experiments.  These  scintillations  are  especially  bril- 
liant and  beautiful  when  a small  piece  of  the  charred  bark  of  oak  or 
elm  is  used;  it  should  be  attached  to  a copper  wire  and  introduced  into 
a sufficiently  capacious  air- jar  filled  with  pure  oxygen;  the  combustion 
may  thus  be  made  to  last  for  some  minutes,  and  is  often  attended  by 
slight  explosions  which  sometimes  so  suddenly  expand  the  gas  as  to 
elevate  the  jar  and  risk  its  fracture  if  not  attended  to.  If  the  quiet 
combustion  of  the  charcoal  is  only  required  for  the  purpose  of  showing 
the  conA^ersion  of  the  oxygen  into  carbonic  acid,  the  best  kind  of  carbon 
AA'hich  can  be  used  is  that  obtained  from  box,  lignum  vit90,  or  other  hard 
and  dense  wood. 

Preparation^  Liquifactioti^  and  S olid i/i cation  of  Carhonic  Acid  Gas. — 
For  all  the  common  purposes  of  experiment,  carbonic  acid  is  best  pro- 
cured by  the  action  of  di- 
lute hydrochloric  acid  upon 
Avhite  marble,  Avhich,  in 
small  fragments,  is  intro- 
duced into  the  two-necked 
bottle  and  covered  Avith 
AA'ater;  hydrochloric  acid  is 
then  slowly  poured  down 
the  funnel  5,  which  causes 
an  immediate  effervescence, 
and  the  gas  passes  through 
the  bent  tube  c,  into  the 
inverted  jar  d.  When  the 
action  ceases,  it  may  be 
reneAved  by  the  addition  of 
fresh  acid,  until  the  whole 

of  the  marble  is  dissolved.  When  large  quantities  of  carbonic  acid  are 
required,  chalk  and  dilute  sulphuric  acid  are  generally  resorted  to,  and 
for  some  particular  purposes  bicarbonate  of  soda  and  dilute  sulphuric  acid 
are  used.  When  required  pure  and  dry,  the  tube  c must  pass  into  a 
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washing-bottle,  and  the  gas,  as  it  issues  thence,  he  conveyed  through  a 
long  chloride  of  calcium  tube  to  deprive  it  of  moisture;  it  may  then  he 
conducted  to  the  bottom  of  a dry  stopper-bottle  to  be  filled  by  displace- 
ment, as  in  the  arrangement  shown  in  figure  294. 


Liquid  Carbonic  Acid,  At  all  common  temperatures  and  pressures 
carbonic  acid  retains  the  gaseous  state,  but  when  duly  subjected  to  great  • 
pressure,  it  becomes  liquid.  To  effect  its  liquifaction,  Faraday  proceeded 
as  follows : A strong  tube,  (see  fig.  95,)  of  about  one-fourth  of  an  inch 
diameter  and  eight  inches  long,  being  bent,  at  about  two  inches  from  its 
end,  to  an  obtuse  angle,  and  sealed  at  the  shorter  end,  sulphuric  acid  was 
poured  in  through  a small  funnel,  so  as  not  to  soil  the  larger  leg,  which 
was  then  loosely  filled  with  fragments  of  carbonate  of  ammonia,  and  also 
hermetically  sealed;  the  acid  was  then  made  to  run  upon  the  salt,  and 
the  evolved  carbonic  acid  gradually  appeared,  coerced  into  the  liquid  form. 
The  utmost  precautions  are  here  necessary  to  guard  against  explosion: 
such  as  goggles  and  a glass  mask  to  preserve  the  face  and  eyes,  and  thick 
gloves  for  the  hands : the  tubes  should  also  never  be  touched  without  great 
care;  for  sometimes,  after  having  held  the  fluid  safely  for  weeks  together, 
they  have  exploded  from  some  very  slight  increase  of  temperature.  {Phil. 
Trans..,  1823.) 

The  liquifaction  of  carbonic  acid  is  now  conducted  upon  a large  scale, 
especially  by  Mr.  Addams  of  Kensington,  who  sometimes  has  treasured 
up,  in  suitable  reservoirs,  as  much  as  nine  gallons  at  one  time,  and  has 
even  made  it  an  article  of  commerce,  supplying  it  for  the  use  of  the 
experimentalist  at  a moderate  charge,  and  in  any  required  quantity, 
together  with  the  necessary  apparatus  for  collecting  it  in  the  solid  form. 

The  apparatus  he  employs  is  of  two  kinds:  the  first,  or  simple  mode, 
is  dependent  upon  the  chemical  forces  disengaging  the  carbonic  acid 
from  the  materials  used,  under  confinement,  as  originally  suggested  by 
Faraday;  and  in  this,  the  general  construction  of  the  instruments  em- 
ployed is  similar  to  those  of  M.  Thilorier  {Ann.  Ch.  et  Ph..,  lx.  427), 
although  in  respect  to  form,  material,  and  structure  of  the  valves,  there  is 
considerable  difference,  being  more  simple  in  arrangement,  and  lighter  in 
proportion  to  strength. 

The  second,  or  improved  method,  is  partly  dependent  upon  the  che- 
mical forces,  and  partly  effected  by  mechanical  compression  with  powerful 
pumps. 
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For  either  process  two 
strong  wrought  iron  vessels 
are  required,  one  is  named 
the  generator^  A (fig.  295), 
the  other  the  receiver^  b; 
each  of  these  vessels  is  a 
cylinder  two  feet  long  and 
four  inches  internal  dia- 
meter, having  hemisphe- 
rical ends,  and  of  such 
strength  as  to  bear  prov- 
ing to  more  than  4000  lbs. 
upon  a square  inch. 

The  generator  is  fur- 
nished with  an  axis  «,  and 
mounted  upon  a cast  iron 
frame  so  as  to  revolve  in  a 
vertical  plane  « a (fig.  299). 

At  one  end  of  each  vessel 
is  screwed  on  a peculiar 
valve  (fig.  296),  so  con- 
structed as  to  prevent 
leakage  in  the  screw  part,  when  the  valve  is  opened. 
The  lower,  or  valve  part,  of  the  central  screw,  to  which 
the  handle  h is  applied,  is  formed  into  a cone,  which 
when  screwed  down  shuts  up  the  passage  into  the 
vessel ; but  when  the  screw  is  raised  or  turned  back- 
wards, there  is  a passage  from  the  vessel  and  out  of 
the  side  vent  s;  at  the  same  time  the  upper  conical 
shoulder  of  the  valve  comes  into  its  seat  in  the  plug- 
piece  through  which  the  valve-screw  itself  passes,  and 
thus  prevents  escape  of  gas  by  the  sides  of  the  screw. 

The  generator  is  simply  a hollow  vessel  within,  but 
the  receiver  has  a slender  pipe,  open  at  both  ends,  in- 
serted into  the  valve-plug,  and  descending  nearly  to  the 
bottom,  as  shown  by  t t (fig.  297)  iu  the  section. 

The  materials  used  in  the  production  of  liquid  car- 
bonic acid  are  as  follows : namely,  water  at  1 00°,  bicar- 
bonate of  soda  in  fine  powder,  and  sulphuric  acid  of 
full  commercial  strength;  and  for  a generator  of  the 
dimensions  before  described  the  proportions  are,  water 
6*25  lbs.,  bicarbonate  2* 75  lbs.,  and  sulphuric  acid 
1*47  lbs.  These  proportions  leave  an  excess  of  alkaline 
salt,  which  is  desirable  in  order  to  prevent  the  action 
of  the  acid  upon  the  metal  of  the  generator. 

To  charge  the  generator,  the  valve  plug  is  taken 
out,  and  a funnel  inserted  in  its  place;  through  this  a 
part  of  the  tepid  water  is  introduced,  then  the  carbon- 
ate, and  afterwards  the  remainder  of  the  water,  and 
then  stirred  with  a rod. 

The  acid  is  next  put  in;  but  to  prevent  its  action 
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before  the  valve  plug  is  replaced,  it  is  con- 
tained in  a brass  tube  (tig.  298),  of  such 
diameter  and  length  as  to  hold  the  measure 
of  acid  and  also  pass  through  the  orifice  in 
the  neck  of  the  generator,  and  to  stand  erect 
with  its  open  end  above  the  saline  mixture 
within,  as  shown  in  fig.  299.  The  valve- 
plug  is  now  firmly  screwed  to  the  generator, 
and  the  whole  inverted  and  turned  over  and 
over,  by  which  the  acid  comes  into  contact 
with  the  carbonate  of  soda,  and  the  mixture 
is  completely  effected.  Then  by  alloiving  the 
generator  to  stand  a few  minutes  erect,  with 
the  valve  end  upwards,  the  licjuified  carbonic 
acid,  being  lighter  than  the  resulting  sul- 
phate of  soda,  rises,  and  floats  as  a distinct 
stratum.  A connection  is  then  made  between 
the  generator  and  receiver  by  an  union  pipe,  as 
shewn  in  figure  295,  and  then  the  valves  of  both 
vessels  being  opened,  the  carbonic  acid  passes,  by  a 
process  of  rapid  distillation,  from  the  former  into 
the  latter.  This  transfer  is  accelerated  in  propor- 
tion as  the  temperature  of  the  two  vessels  differs; 
hence  warm  water  is  employed 

in  charging;  an  increase  of  heat  also  ensues  by  the  soi 

acid  mixing  with  the  water;  the  receiver  also  should 
be  put  into  cold  or  iced  water. 

The  valves  are  now  to  be  closed,  the  vessels  sepa- 
rated, and  the  contents  of  the  generator  discharged, 
and  the  same  process  of  charging  is  to  be  repeated 
many  times. 

Mr.  Addams  found  that  only  about  one-third  of 
the  carbonic  acid 
of  the  generator 
passed  into  the  re- 
ceiver in  the  ordi- 
nary management 
of  this  process;  he 
was,  therefore,  led 
toconstructa  pump 
(fig.  300),  to  force 
water  into  the 
lower  end  of  a ge- 
nerator, equipped 
with  two  valves 
(fig.  301),  and  thus 
by  filling  the  gene- 
rator, the  whole  of 
the  liquid  carbonic 
acid  is  transferred 
into  the  receiver, 
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and  that  too  without  the  cooling  of  the  receiver  with  ice  ; and  by  tliis 
plan  an  economy  equal  to  two-thirds  in  material  and  time  is  effected. 
But  in  order  to  use  a pump  it  was  ne- 
cessary to  contrive  a gauge  to  observe 
when  the  generator  was  filled  and  all 
the  carbonic  acid  displaced.  The  gauge 
for  this  purpose  is  shown  (inserted  in 
the  union-pipe)  at  g g',  fig.  302.  It  con- 
sists, essentially,  of  a strong  glass  tube, 
secured  within  a metal  cylinder  formed 
by  boring  out  the  centre  of  the  solid: 
this  last  has  slits  cut  parallel  to  its  length 
on  opposite  sides;  then  as  the  passage 
into  the  receiver  is  through  this  glass 
gauge,  it  is  easy  to  observe  the  instant 

when  the  saline  fluid  of  the  generator  rises  into  it,  and  then  to  stop  the 
action  of  the  pump ; and,  consequently,  no  liquid  but  the  carbonic  acid 
enters  the  receiver. 

Mr.  Addams  has  also  attached  a gauge  of  similar  construction  to  a 
double- valved  receiver^  and  with  it  is  enabled  to  see  the  carbonic  acid  at 
any  time,  to  measure  the  quantity  transferred  from  this  vessel  into  others, 
and  to  obtain  certain  useful  information  respecting  the  quantity  produced 
by  different  modes  of  management. 

Within  the  receiver,  when  charged,  there  is  liquid  carbonic  acid 
below,  and  highly  condensed  gas  above  it : upon  opening  the  valve  the 
expansion  of  the  gas  forces  the  liquid  up  the  central  tube  tt  (fig.  297), 
and  then  a part  of  it  instantly  passes  into  the  state  of  gas  at  the  orifice  of 
the  outlet  s (fig.  296),  and  another  portion  is  frozen  into  a white  snow- 
like  solid,  affording  a beautiful  instance  of  the  sudden  transference  of 
heat  when  a liquid  expands  into  a gas.  This  white  matter,  or  solid 
carhonic  acid^  is  blown  out  in  finely- divided  particles,  and  to  collect  it,  an 
ingeniously  constructed  recipient  or  draw-out  box  is  used,  being  the  con- 
trivance of  M.  Thilorier.  It  consists  of  a brass  cylindrical  case  (fig.  303), 
having  tubular  handles  affixed  to  its  ends.  Plates  of  pierced  brass  are 
fixed  before  the  outlet  of  each  handle,  as  shown  hj  ff  (fig.  304);  these 
act  as  sieves  to  keep  back  the  solid  acid  and  allow  the  gas  to  pass  out. 
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The  box  has  a short  tube  joined  to  the  side,  as  in  section  fig.  305,  m, 
so  as  to  form  a tangent  to  the  inner  circle  of  the  case,  and  opposite  to 
this  tube  is  placed  a bent  plate  of  brass,  o,  in  order  to  prevent  the  vio- 
lence of  the  inrushing  gas  from  blowing  the  solid  matter  into  such  fine 
powder  as  would  enable  it  to  pass  through  the  perforated  discs.  For 
the  purpose  of  taking  out  the  solid,  the  box  is  made  separable  by  one  end 
sliding  a little  within  the  other,  and  retainable  together  by  two  obliquely 
grooved  holders  placed  on  opposite  sides  of  the  joint.  This  draw-out  box 
is  united  to  the  receiver  by  the  union-piece  (fig.  306),  the  nozzle  n, 
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having  a small  hole  through  it,  and  upon  this  the  tangent-tuhe  of  the 
box  fits. 

From  2*75  lbs.  of  bicarbonate  of  soda  of  average  quality,  Mr.  Addams 
obtains  about  19000  cubic  inches  of  carbonic  acid  of  ordinary  pressure 
and  temperature:  by  the  first  method,  without  the  pump,  13000  of  these 
are  left  in  the  generator,  and,  of  course,  escape  on  opening,  unless  the 
receiver  be  kept  colder  and  a longer  time  allowed  for  the  transfer  than 
is  convenient  in  a general  way  of  management.  He  finds  that  about 
12  5 cubic  inches  of  liquid  carbonic  acid  are  conveyed  into  the  receiver 
from  each  charge  of  the  generator,  provided  the  temperature  of  the  receiver 
be  at  54°.  But  when  the  pump  is  employed  the  only  loss  of  acid  is  that 
which  is  entangled  with  the  sulphate  of  soda,  and  which  generally  measures 
1100  cubic  inches,  under  atmospheric  pressure;  and  in  this  way  about 
37  cubic  inches  of  liquid  carbonic  acid  are  sent  into  the  receiver,  at  each 
charging,  instead  of  12’5. 

The  tension  of  carbonic  acid  gas  as  it  exists  above  the  liquid  depends 
upon  the  temperature,  and  Mr.  Addams  has  given  the  pressures  through 
a considerable  range  of  the  thermometer,  namely,  from  zero  to  150°,  at 
intervals  of  each  5°.  The  following  table  includes  the  force  for  each 
successive  10th  degree;  by  which  it  will  be  seen,  that,  similar  to  vapors 
of  all  kinds  resting  upon  their  respective  liquids,  the  tension  increases  in 
a higher  ratio  than  the  temperatures.  He  employed  a pressure  gauge  of 
43  inches  in  length,  in  the  experiments  which  afforded  data  for  this 
table ; and  many  of  the  results  were  confirmed  by  a kind  of  loaded  safety 
valve.  In  this  table  the  atmospheric  pressure  is  assumed  to  be  = 15  lbs. 


Pressure 

Pressure  in 

Pressure 

Pressure  in 

Tempera- 

in lbs. 

Atmospheres 

Tempera- 

in  lbs. 

Atmospheres 

ture. 

per  sq.  incli. 

per  sq.  inch. 

, ture. 

per  sq.  inch. 

per  sq.  inch. 

Zero 

270*9 

18*06 

80° 

741*3 

49*42 

10^ 

.300* 

20* 

90 

837*6 

55*84 

20 

346*65 

23*11 

100 

934*8 

62*32 

30 

398*1 

26*54 

110 

1040*25 

69*35 

40 

457*35 

30*49 

120 

1151*7 

76*78 

50 

520*05 

34*67 

130 

1264*65 

84*31 

CO 

586*35 

39*09 

140  , 

1379*55 

91*97 

70 

658*05 

43*87 

150 

1495*65 

99*71 

Faraday  observes,  “that  the  estimates  of  the  pressure  of  carbonic  acid 
vapor  are  sadly  at  variance ; thus,  Thilorier  says,  it  has  a pressure  of  26 
atmospheres  at  4°,  whilst  Addams  says,  that  for  that  pressure  it  requires 
a temperature  of  nearly  30°.  At  50°  Brunei  estimates  the  pressure  as  60 
atmospheres,  whilst  Addams  makes  it  only  34*67.  The  following  are  the 
pressures  which  I have  recently  obtained.”  (^Pkil.  Trans. ^ 1845,  166.) 
The  marked  numbers  are  from  experiments. 


Fahrenheit. 

Atmospheres. 

*-111° 

1*14 

-110  

1*17 

*-107  

1*36 

-100  

1*85 

*-  95  

2*28 

- 90  

2*77 

*-  83  

3*60 

- 80  

3*93 

*—  75  

4*60 

- 70  

5*33 

Fahrenheit. 

Atmospheres. 

-60° 

6*97 

*-56  

7*70 

-50  

8'88 

-40  

11*07 

*-34  

12*50 

-30  

13*54 

*-23  

15*45 

-20  

16*30 

*-15  

17*80 

-10  

19*38 

Fahrenheit, 

Atmospheres 

* 

- 4° 

21*48 

0 

22*84 

* 

5 

24*75 

* 

10  

26*82 

15  

29*09 

20  

30*65 

* 

23  

.33*15 

30  

37*19 

32  

38*50 

CARBONIC  ACID. 


463 


Liquid  Carbonic  Acid  is  limpid,  colorless,  and  extremely  fluid.  Its 
I specific  gravity  at  32°  is  0 83:  it  distils  readily  and  rapidly  at  tlie  diflPer- 
1 eiice  of  temperature  between  32°  and  0°.  Its  refractive  power  is  much 
I less  than  that  of  water.  Mr.  Brunei  endeavoured  to  apply  this  liquid  as 
[a  mechanical  agent  for  the  production  of  motive  power;  of  this  attempt 
ji  a short  account  will  be  found  in  the  Quarterly  Journal  (Old  Series,  xxi. 

131).  It  exhibits  a remarkable  property  in  respect  to  its  expansibility 
I by  heat,  in  which  it  appears,  from  M.  Thilorier  s statement  {Aim.  Ch.  et 
■ LX.  427),  to  exceed  even  that  of  the  gaseous  acid,  or  of  air.  Thus 
i from  (0°  to + 30  Centigrade)  32°  to  86°  (Fahrenheit),  its  bulk  increases 
t from  20  to  29,  which  is  four  times  greater  than  the  dilatability  of  air 
\ within  the  same  range.  It  is  insoluble  in  water  and  in  the  fat  oils,  but  it 
^ is  soluble  in  alcohol,  ether,  oil  of  turpentine,  and  carburet  of  sulphur. 

A jet  of  liquid  carbonic  acid,  emitted  upon  the  bulb  of  a spirit  ther- 
;i  mometer,  sinks  it  to  —90°  (Cent.),  but  the  general  frigorific  effects  do 
j not  correspond  with  this  depression  of  temperature,  in  consequence  of  the 
j almost  entire  want  of  conducting  power  in  the  gas,  and  its  little  capacity 
1 for  heat.  But  as  tlie  case  is  different  with  regard  to  vapors^  Thilorier 
! tried  the  effect  of  a jet  of  liquid  carbonic  acid  mixed  with  ether,  and  in 
I this  way  he  succeeded  in  producing  a cold  blow-pipe.,  which  froze  50 
] grammes  of  mercury  in  a small  glass  capsule  in  a few  seconds.  Mr. 
f Addams  informs  me  that  at  common  temperatures  liquid  carbonic  acid 
i acts  with  extreme  slowness  upon  potassium  and  sodium,  requiring  a 
1 month  to  convert  a piece  of  potassium,  of  the  size  of  a pea,  into  carbonate 
I of  potassa:  he  observes  that  the  potassium  apparently  derives  its  requisite 
! equivalent  of  oxygen  from  the  conversion  of  carbonic  acid  into  carbonic 
i oxide,  inasmuch  as  no  carbon  is  deposited  when  proper  precautions  have 
( been  taken  to  deprive  the  acid  of  water  by  fused  chloride  of  calcium, 
j Solid  Carbonic  Acid.  Thilorier  first  showed  that  carbonic  acid  may 
\ be  obtained  in  a solid  form  by  suffering  a jet  of  the  liquid  acid  to  issue 
j into  a small  phial,  which  immediately  was  lined  by  a white  flocculent 
\ powder,  consisting  of  the  carbonic  acid  solidified  or  frozen  by  the  intense 
I cold  resulting  from  its  own  expansion.  When  melted  and  resolidified, 

! it  appears  clear  and  crystalline,  like  ice.  It  melts  at  — 70°  or  — 72° 

1 Fahrenheit,  and  the  solid  is  heavier  than  the  fluid.  At  this  temperature 
I it  has  a pressure  of  about  5*33  atmospheres.  It  is  remarkable  for 
t the  high  tension  of  the  vapor  which  it  gives  off  whilst  in  the  solid 
state : there  is  no  other  substance  which  at  all  comes  near  it  in  this 
respect,  and  it  causes  an  inversion  of  what  in  all  other  cases  is  the 
natural  order  of  events  : thus,  if  as  in  the  case  with  water,  ether,  mercury, 
or  any  other  fluid,  that  temperature  at  which  carbonic  acid  gives  off 
vapor  equal  in  elastic  force  to  one  atmosphere,  be  called  its  boiling 
point ; or  if  (to  produce  the  actual  effect  of  ebullition)  the  carbonic  acid 
be  plunged  below  the  surface  of  alcohol  or  ether,  then  we  shall  perceive 
that  the  freezing  and  boiling-points  are  inverted;  that  is,  that  the  freez- 
ing-point  is  the  hotter,  and  the  boiling-point  the  colder  of  the  two,  the 
latter  being  about  50°  below  the  former.  (Faraday.)  In  the  solid 
state  it  moves  about  upon  any  polished  surface,  like  a drop  of  water  upon 
white-hot  iron,  and  slowly  disappears.  Addams  found  the  surfaces  from 
which  it  had  evaporated,  in  a negatively  electrical  state.  In  its  usual 
state  the  flocculent  acid  feels  like  snow,  and  owing  to  its  low  conducting 
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power  it  does  not  evaporate  very  rapidly  nor  feel  extremely  cold,  though 
its  actual  temperature  is  lower  than  100°  below  the  0°  of  Fahrenheit. 
When  a little  mercury  is  put  into  a saucer  and  covered  by  solid  carbonic 
acid,  the  addition  of  a few  drops  of  good  ether  forms  a semifluid  mass,  by 
the  contact  of  which  the  mercury  is  immediately  frozen:  in  this  way  ten 
pounds  of  mercury  may  be  frozen  in  less  than  eight  minutes.  In  further 
illustration  of  the  extraordinary  relations  of  this  substance,  a large  lump 
of  the  solid  carbonic  acid  was  kept,  for  a minute,  in  a red-hot  crucible, 
and  afterwards  a pound  of  mercury  was  frozen  with  it.  When  a piece  of 
the  solid  acid  is  put  into  a gas  bottle,  it  gradually  becomes  gas,  which  may 
be  collected  as  usual  over  water;  or  its  conversion  into  the  gaseous  state 
may  be  more  strikingly  observed  by  letting  up  a small  piece  of  it  into  an 
inverted  jar  of  water.  The  following  modification  of  this  experiment  I 
first  saw  performed  by  Professor  Graham.  A tall  stoppered  air-jar  is 
inverted  in  the  pneumatic  trough,  and  half  filled  with  oxygen;  a piece  of 
solid  carbonic  acid  is  then  let  up  into  it,  by  which  the  lower  half  of  the 
jar  soon  becomes  filled  with  very  cold  carbonic  acid  gas;  if  the  glowing 
wick  of  a taper,  attached  to  a long  wire,  be  then  plunged  through  the 
upper  opening  of  the  jar  into  the  oxygen,  it  is  instantly  kindled  into 
flame,  but  extinguished  by  causing  it  to  descend  into  the  inferior  atmo- 
sphere of  carbonic  acid;  and  by  a little  care  the  wick  may  be  left  glov/- 
ing,  and  then  lifted  into  the  oxygen,  when  it  again  bursts  into  flame: 
this  alternate  extinction  and  reproduction  of  flame  may  in  this  way  be 
many  times  repeated. 

P7'ope7'ties  of  Carbonic  Acid  Gas,  This  gas  is  colorless,  of  a slightly 
sour  odor  and  taste,  and  much  heavier  than  atmospheric  air,  its  specific 
gravity  being  about  1 *52.  Compared  with  hydrogen  its  sp.  gr.  is  as  22 
to  I.  100  cubic  inches  weigh  47*2  grs.  at  mean  temperature  and  pres- 
sure, (49*976  grains  at  32°.  Thomson.)  It  is  perfectly  unrespirable, 
for  on  attempting  to  breathe  it  in  a pure  state  the  epiglottis  is  spasmodi- 
cally closed,  and  no  air  entering  the  lungs,  suffocation  is  the  direct  con- 
sequence. When  so  far  diluted  with  air  as  to  admit  of  being  received 
into  the  lungs,  it  operates  as  a narcotic  poison,  producing  drowsiness  and 
insensibility,  and  this,  even  when  a candle  will  burn  in  the  mixture. 
(Christison.)  Hence  the  danger  of  a confined  room  in  which  a pan  of 
burning  charcoal  is  placed.  When  the  gas  is  respired  in  the  lowest 
poisonous  proportion,  the  symptoms  come  on  very  gradually,  and  the 
transition  from  life  to  death  is  usually  tranquil ; this  is  what  we  learn 
from  the  history  of  suicides.  The  symptoms  in  such  cases  appear  closely 
to  resemble  those  which  indicate  the  progressive  influence  of  opium,  or 
any  other  narcotic  poison  on  the  body.  The  best  means  of  resuscitation 
are  the  employment  of  cold  affusion  with  stimulating  applications  to  the 
chest  and  extremities:  if  the  surface  be  cold  a warm  bath  should  be  used. 
(A.  Taylor,  Med.  Jur.^  550.)  Butterflies,  and  other  insects  of  which  it  is 
desired  to  preserve  the  colors  unimpaired,  may  sometimes  be  conveniently 
suffocated  by  this  gas.  It  immediately  extinguishes  the  flame  of  a taper, 
and  this  even  when  considerably  diluted  with  atmospheric  air.  In  this 
way  its  weight  may  be  conveniently  shown  by  placing  a lighted  taper  at 
the  bottom  of  a tall  glass  jar,  and  then  pouring  the  gas  out  of  a dry 
bottle  into  it;  it  descends  and  extinguishes  the  flame,  and  will  remain  for 
some  time  in  the  lower  part  of  the  vessel.  Like  other  gases,  however. 
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notAvithstanding  its  density,  it  soon  blends  with,  and  diffuses  itself 
through,  the  mass  of  surrounding  air.  In  wells,  and  in  some  caverns, 
carbonic  acid  frequently  occupies  the  lower  parts,  while  the  upper  parts 
are  free  from  it.  The  miners  call  it  choaJc  damp.  In  these  cases  it  issues 
from  crevices  in  the  earth,  and  is  produced  by  unknown  sources. 

When  water  is  agitated  in  carbonic  acid,  it  takes  up  its  own  volume 
of  the  gas  at  common  temperature  and  pressure,  and  acquires  a slight 
increase  of  specific  gravity  (about  T00I8).  Under  increased  pressure  a 
much  larger  quantity  is  absorbed.  It  thus  becomes  brisk  and  tart,  and 
reddens  delicate  vegetable  blues.  If  litmus  paj)er,  thus  reddened,  be 
exposed  to  the  air,  the  blue  color  returns  as  the  acid  evaporates;  hence 
an  easy  distinction  between  the  paper  reddened  by  any  of  the  more  fixed 
acids,  in  which  the  change  of  color  is  permanent.  In  the  same  way, 
infusion  of  litmus  thus  reddened  becomes  blue  when  the  carbonic  acid  is 
expelled  by  boiling.  By  freezing,  boiling,  or  exposure  to  the  vacuum  of 
the  air-pump,  the  gas  is  given  off,  and  it  gradually  makes  its  escape 
when  exposed  to  air,  collecting  in  small  bubbles  upon  the  sides  of  the 
containing  vessel,  and  passing  off  with  especial  rapidity  when  any  foreign 
substances  are  thrown  in,  or  when  any  substance  is  dissolved  in  the 
water;  thus  it  is,  that  sugar  added  to  soda-water,  cyder,  champagne,  or 
other  similar  carbonated  liquors,  occasions  in  them  an  immediate  and 
abundant  effervescence. 

Porter,  ale,  cyder,  and  many  other  beverages,  derive  their  briskness 
from  carbonic  acid.  The  efferves- 
cent quality  of  many  mineral  waters 
is  also  referable  to  the  presence  of 
this  gas,  and  they  are  often  imitated 
by  condensing  carbonic  acid  into 
water,  either  by  a condensing  pump, 
or  by  Nootfis  apparatus^  as  repre- 
sented in  the  annexed  wood-cut 
(fig.  307).  It  consists  of  three  ves- 
sels, the  lowest,  «,  flat  and  broad, 
so  as  to  form  a steady  support;  it 
contains  the  materials  for  evolving 
the  gas,  such  as  pieces  of  marble 
and  dilute  hydrochloric  acid,  of 
which  fresh  supplies  may  occa- 
sionally be  introduced  through  the 
stopped  aperture.  The  gas  passes 
through  the  tube  5,  in  which  is  a 
glass  valve  opening  upwards,  into 
the  vessel  c,  containing  the  water 
or  solution  intended  to  be  saturated 
with  the  gas,  and  which  may  occa- 
sionally be  drawn  off  by  the  glass 
stop- cock.  Into  this  dips  the  tube 
of  the  uppermost  vessel  d,  which 
occasions  some  pressure  on  the  gas 
in  c,  and  also  produces  a circulation 
and  agitation  of  the  water.  At  the 
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top  of  d is  a heavy  conical  stopper,  which  acts  as  an  occasional  Vcilve, 
and  keeps  np  a degree  of  pressure  in  the  vessels. 

The  presence  of  carbonic  acid  is  instantly  detected  hy  lime  waler^ 
which  it  renders  turbid,  and  causes  a deposit  of  a white  powder,  which  is 
carhoiiale  of  lime.  The  addition  of  water  saturated  with  carbonic  acid, 
to  lime-water,  also  occasions  a milkiness  from  the  same  cause.  If  excess, 
either  of  the  gas  or  of  its  aqueous  solution,  be  added  to  the  lime-water, 
the  precipitate  is  re-dissolved,  carbonate  of  lime  being  soluble  in  water 
impregnated  with  carbonic  acid.  (See  Limed) 

As  all  common  combusti])les,  such  as  coal,  wmod,  oil,  wax,  tallow,  &c., 
contain  carbon  as  one  of  their  component  parts,  so  the  combustion  of 
these  bodies  is  always  attended  by  the  production  of  carbonic  acid.  It  is 
also  produced  by  respiration,  hence  it  is  detected,  often  in  considerable 
proportion,  in  crowded  and  illuminated  rooms,  which  are  ill  ventilated, 
and  occasions  difficulty  of  breathing,  giddiness,  and  faintness.  In  the 
atmosphere  it  may  also  be  detected,  as  has  already  been  mentioned  (page 
371 ).  Saussure  found  it  in  air  from  the  summit  of  Mont  Blanc;  and 
Humboldt  discovered  it  in  air  brought  by  Garnerin  from  a height  of 
twenty  thousand  feet,  to  which  he  had  ascended  in  a balloon.  Its  pro- 
duction in  the  lungs  is  easily  shown,  by  blowing  the  expired  air  through 
lime-water  by  means  of  a small  tube;  it  becomes  milky,  and  soon  deposits 
carbonate  of  lime.  The  quantity  of  caahonic  acid  ejected  from  the  lungs 
at  each  ordinary  expiration  varies  a little  at  different  times  of  the  day. 
(See  Respiraliond)  According  to  Dr.  Prout,  it  amounts  on  an  average  to 
3*45  per  cent,  of  the  expired  air,  its  limits  being  3*3  and  4T  per  cent. 

Carbonic  acid  is  evolved  from  some  of  the  carbonates  by  the  simple 
operation  of  heat.  Thus  chalk,  when  heated,  gives  out  carbonic  acid, 
and  becomes  quicklime;  but  in  these  cases  its  escape  is  generally  facili- 
tated by  the  copresence  of  air  or  acj[ueous  vapor;  in  other  cases  the  car- 
bonates may  be  heated  to  redness  without  the  slightest  tendency  to  the  evo- 
lution of  carbonic  acid,  as  is  the  case  with  the  carbonates  of  potassa  and 
soda.  Carbonic  acid  is  also  displaced  by  most  of  the  other  acids;  and  if 
dilute  nitric,  hydrochloric,  or  sulphuric  acid  be  poured  upon  the  carbon- 
ates, the  presence  of  carbonic  acid  is  indicated  by  effervescence. 

Carbonic  acid  retards  the  putrefaction  of  animal  substances:  applied 
to  the  roots  of  vegetables  in  aqueous  solution,  it  is  generally  propitious  to 
their  growth,  as  will  be  more  fully  shown  in  a future  chapter.  Most 
plants  thrive  in  an  atmosphere  containing  as  much  as  a tenth  or  twelfth 
part  of  carbonic  acid;  and  under  certain  circumstances,  which  will  after- 
wards be  explained,  they  decompose  it,  and  evolve  oxygen. 

At  high  temperatures,  carbonic  acid  is  decomposed  by  several  of  the  ■ 
metals,  and  converted  into  carbonic  oxide;  and  potassium  and  sodium, , 
when  sufficiently  heated,  burn  in  it,  and  are  converted  into  potassa  andi. 
soda,  whilst  the  carbon  of  the  gas  is  thrown  down  in  the  form  of  charcoal. . 
There  are  some  other  substances  which,  at  high  temperatures,  are  capable  ■ 
of  decomposing  carbonic  acid,  and  abstracting  part  of  its  oxygen;  thus,  if! 
a mixture  of  2 parts  of  hydrogen  and  1 of  carbonic  acid  by  volume,  be ; 
passed  through  a red-hot  tube  in  the  apparatus  represented  at  p.  353, , 
water  is  formed,  and  carbonic  oxide  passes  into  the  receiver  r/,  mixed.l 
with  the  excess  of  hydrogen.  Dr.  Henry  also  found  that  by  passing  cl 
succession  of  electric  sparks  through  carbonic  acid  confined  over  mercury,. 
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'j  a portion  of  it  was  resolved  into  carbonic  oxide  and  oxygen.  {Phil.  'Prahs.^ 
1809,  448.)  When  the  carbonic  acid  which  escapes  decomposition  has 
been  washed  out  by  solution  of  potassa,  an  electric  spark  inflames  the 
residuary  mixture,  the  oxygen  and  carbonic  oxide  again  uniting  and 
reproducing  carbonic  acid. 

Phosphorus,  when  heated  in  carbonic  acid,  does  not  decompose  it; 
whence  it  might  be  inferred  that  carbon  possessed  a stronger  aflinity  for 
oxygen  than  phosphorus;  and  such  an  inference  is  sanctioned  by  the 
decomposition  of  phosphoric  acid,  at  high  temperatures,  by  charcoal;  but 
if  complex  attraction  be  brought  into  action,  the  case  is  altered,  as  was 
first  shown  by  Tennant  {Phil.  'Tra?h<f.,  1791,  p.  182),  and  afterwards  by 
Pearson  {Phil.  Trans..,  1792,  p,  280).  Thus  it  is,  that  certain  carbonates 
are  decomposed,  at  high  temperatures,  by  phosphorus : if,  for  instance, 
the  vapor  of  phosphorus  be  passed  over  ignited  carbonate  of  lime,  or  car- 
bonate of  soda,  charcoal  is  deposited,  and  phosphate  of  lime  or  phosphate 
of  soda  produced. 

If  carbonic  acid  be  passed  over  red-hot  charcoal,  it  becomes  converted 
into  carbonic  oxide,  by  taking  up  an  additional  proportion  of  base.  (C02 
4-0=2  CO.)  The  blue  flame,  often  seen  upon  the  surface  of  a charcoal 
fire,  arises  from  the  combustion  of  the  carbonic  oxide  formed  in  this  way; 
the  air  entering  at  bottom,  forms  carbonic  acid,  which,  passing  through 
the  red-hot  charcoal,  becomes  converted  into  carbonic  oxide.  At  a bright 
red-heat,  iron  and  zinc  decompose  carbonic  acid,  by  abstracting  a portion 
of  its  oxygen,  and  forming  oxide  of  iron  or  of  zinc,  and  carbonic  oxide,  as 
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Carbonates.  The  feeble  aflinity  of  carbonic  acid  for  most  of  the  bases 
has  already  been  referred  to,  so  that  it  is  expelled  from  them  by  the  greater 
number  of  the  other  acids  with  eflervescence ; the  protocarbonates  (consti- 
tuted of  1 atom  of  base  and  1 atom  of  acid)  of  ammonia,  potassa,  and 
soda,  retain  alkaline  characters;  they  have  an  alkaline  reaction  upon  vege- 
table colors,  an  alkaline  taste,  and  form  imperfect  soaps  ivith  oil  and 
ivater:  they  ivere  therefore  formerly  termed  mild  alkalis.,  and  suhcarhon- 
ales.  With  the  exception  of  the  carbonates  just  mentioned,  and  of  car 
bonate  of  litliia,  these  salts  are  decomposed  at  a red-heat  under  the  influ- 
ence of  a current  of  air  or  aciueous  vapor:  with  the  same  exceptions,  the 
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basic  and  normal  carbonates  are  insoluble  in  water,  but  the  bicarbonates 
are  soluble,  and  several  of  the  insoluble  neutral  carbonates  may  be  held 
in  aqueous  solution  by  excess  of  carbonic  acid.  The  alkaline  carbonates 
(and  free  carbonic  acid,  p.  466,)  give  a white  precipitate  which  is  soluble 
in  hydrochloric  acid,  in  baryta,  strontia,  and  lime  water.  Baryta  water  is 
rendered  slightly  turbid  by  a solution  of  carbonate  of  soda,  containing  1 
part  of  the  carbonate  in  from  76,000  to  80,000  of  water.  (Gmelin.) 


Carbonic  Acid  and  Ammonia.  Carbonate  op  Ammonia.  NH3,C02. 
When  1 volume  of  carbonic  acid  and  2 volumes  of  gaseous  ammonia  are 
mixed  in  a glass  vessel  over  mercury,  the  gases  are  slowly  condensed  into  a 
white  solid,  which  lines  the  interior  of  the  vessel.  The  same  compound 
is  deposited  when  a mixture  of  1 volume  of  dry  carbonic  acid  gas  and  2 
volumes  of  dry  ammoniacal  gas  are  passed  through  a cooled  glass  tube:  it 
is  strongly  alkaline,  smells  of  ammonia,  and  is  volatile  at  140°.  It  throws 
down  carbonate  of  lime  from  a solution  of  chloride  of  calcium,  without 
effervescence.  If  the  gases  be  perfectly  dry,  they  only  condense  each 
other  in  the  above  proportions,  but  if  water  be  present,  different  com- 
pounds are  obtained.  This  salt  must  obviously  contain 
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If  this  salt  be  a true  carbonate  of  ammonia  it  furnishes  an  exception 
in  the  general  analogies  of  the  ammoniacal  salts  of  the  oxyacids,  inas- 
much as  it  is  anhydrous:  Dumas,  therefore,  regards  it  as  a compound  of 
amidogen,  carbonic  oxide,  and  water,  and  describes  it  under  the  name  of 
carbamide:  NH3,C02  = NH2,CO,HO;  in  this  view  of  its  constitution  it 
is  isomeric  with  hydrated  urea. 


Sesquicarbonate  of  Ammonia.  2NH3,  3C02,  2ITO.  The  carbonate 
of  ammonia  of  commerce,  when  carefully  prepared,  appears  to  be  this 
salt,  though  from  the  volatility  of  its  components  it  frequently  exhibits 
slight  variations  in  its  composition.  It  is  generally  met  with  in  translu- 
cent cakes  of  a fibrous  fracture,  as  obtained  by  sublimation  from  a mix- 
ture of  carbonate  of  lime  and  sulphate  or  hydrochlorate  of  ammonia. 
When  carbonate  of  lime  and  sulphate  of  ammonia  are  used  for  its  pro- 
duction, the  results  are  sulphate  of  lime,  hydrated  sesquicarbonate  of 
ammonia,  and  free  ammonia  and  water.  3 [CaO,C02]  + 3 [NH3,  S03, 
HO]  3[CaO,  SO3]  -}-  [2NII3,  3CO2,  2HO]  -i-NH3,HO:  or,  in  reference 
to  the  oxide  of  ammonium  theorv,  the  equation  will  stand  thus:  3 [CaO, 
CO3]  -f  3 [NH40,S03]  3=  3 [CaO,S03]  + [2NH40,  3C02]  -f  NH4O. 
When  sal-ammoniac  is  substituted  for  the  sulphate,  we  have  3 [CaO, 
CO2]  + 3 [NII3,  HCl]  = 3 CaCl  + [2NH3,  3C02, 2110]  -f  NH3,  HO. 
The  components,  then,  of  this  form  of  carbonate  of  ammonia  are 
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' This  salfc  has  a pungent  odor,  a hot  and  saline  taste,  and  powerful 
\i  alkaline  reaction:  it  is  used  in  medicine  as  a stimulant  and  antacid,  and 
|i  is  a useful  source  of  other  ammoniacal  salts.  It  is  obtained  in  an  impure 
I state  by  the  destructive  distillation  of  many  azotised  animal  substances, 
\i  constituting  salt  of  hartshorn^  and  smelling-salts^  the  former  contaminated 
by  empyreumatic  oil,  the  latter  generally  perfumed.  Four  parts  of  water 
/ at  60°  dissolve  about  1 of  this  salt,  forming  the  liquor  ammonice  sesqui- 
li  carbonatis  of  the  Pharmacopoeia.  According  to  Scanlan,  when  a small 
i!  quantity  of  water  is  poured  upon  it,  the  effect  is  to  resolve  it  into  carbonate 
^ and  bicarbonate,  hence  it  has  by  some  been  considered  as  = [NH3,C02 
^ +H0,C02  -f  NH40,C02].  When  exposed  to  air,  especially  in  the  state 

i of  powder,  it  effloresces  into  bicarbonate  of  ammonia,  and  carbonate  of 

i ammonia  volatilises.  When  its  aqueous  solution  is  heated,  carbonic  acid 

ii  and  a little  ammonia  is  evolved,  and  the  single  carbonate  remains  dissolved. 

J Boiled  with  alcohol  or  ether  carbonic  acid  escapes,  and  a hydrated  carbo- 
:!  nate  sublimes  ==:  2 Nils,  2 C02, 110.  (H.  Rose.) 

j 

Bicarbonate  of  Ammonia,  (NH3,2C02,2H0)  or,  according  to  Gra- 
ham’s  view  [H0,C02  + NH40,C02],  is  the  residue  of  the  preceding 
j salt  after  exposure  to  air:  it  also  crystallizes  out  of  a solution  of  the  ses- 
I quisalt  saturated  with  carbonic  acid  gas.  It  forms  the  jirecipitate  pro- 
I duced  by  the  addition  of  alcohol  to  the  solution  of  the  sesquicarbonate, 

! (J.  Davy,)  and  is  sometimes  formed  during  the  sublimation  of  the  carbon- 
= ate  upon  the  large  scale.  (R.  Phillips,  A?m.  Phil..,  xvii.  110.)  Its  crys- 
: tals  are  isomorphous  with  those  of  bicarbonate  of  potassa.  It  is  nearly 
I inodorous  and  tasteless;  has  a slight  alkaline  reaction;  and  evaporates  on 
! exposure  to  air,  especially  if  damp,  in  which  case  carbonic  acid  is  set  free 
i and  the  vapor  is  alkaline:  it  is  soluble  in  about  6 parts  of  water  at  55°. 

I At  the  temperature  of  100°  its  solution  gives  off  carbonic  acid  rapidly, 

I and  becomes,  alkaline.  It  is  insoluble  in  alcohol,  but  when  covered  bv 

j ^ •/ 

I alcohol  and  exposed  to  air,  carbonic  acid  escapes,  and  a solution  of  the 
single  carbonate  is  formed.  Its  components  are 
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Several  other  definite  hydrated  carbonates  of  ammonia  have  been 
described  by  H.  Rose.  {Poggend..,  xLvi.  352,  and  Scientific  Memoirs.,  ii. 
98.)  One  of  these  is  obtained  by  pouring  upon  the  sesqilisalt  a sufficiency 
of  boiling  water  to  dissolve  it,  and  immediately  closing  it  up  in  a strong 
bottle  so  as  to  prevent  the  escape  of  carbonic  acid:  as  it  cools,  large  pris- 
matic crystals  are  formed,  containing 

II.  Rose. 

Ammonia  2 34  20’30  20'02 

Carbonic  acid 4 83  52‘70  f»2’89 

Water 5 45  2G-94  27-09 

1 1G7  100-00  10000 

Carbon  and  Chlorine.  Chlorides  of  Carbon.  For  the  discovery 
of  the  compounds  of  carbon  with  chlorine  we  are  indebted  to  Faraday 
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{Phil.  Trans.^  1821,  p.  47).  The  circumstances  under  'which  they  coin- 
hine  were  subsequently  investigated  hy  Regnault  {Arm.  Ch.  et  Ph..,  Lxix. 
151,  and  lxx.  104),  and  hy  Dumas  {Ann.  Ch.  el  Ph..,  Lxxiii.  95).  There 
are  four  clilorides  of  carbon,  namely,  a dichloride  z=:  C2CI;  a chloride 
rrrCCl;  a sesquichloi'ide  r=:  C2CI3,  and  a bichloride  = CCD.  Some  other 
combinations  of  chlorine  and  carbon  have  also  been  indicated,  arising  out 
of  the  decomposition  of  organic  compounds,  and  which  will  he  adverted 
to  hereafter. 


Dichloride  of  Carbon.  Bicarburet  op  Chlorine.  CDCl.  This  com- 
pound was  originally  obtained  in  Sweden,  whence  it  was  brought  hy  Julin, 
and  submitted  to  analysis  hy  Phillips  and  Faraday.  It  appears  to  have 
been  accidentally  formed  in  distilling  nitric  acid  from  a mixture  of 
sulphate  of  iron  and  nitre,  both  salts  having  been  impure.  {Ann.  of  Phil. ^ 
N.  6’.,  i.  216,  and  ii.  150.)  Regnault  obtained  it  hy  repeatedly  passing  the 
vapor  of  the  protochloride  through  a porcelain  tube  filled  with  fragments 
of  porcelain,  at  a high  red-heat:  it  was  deposited  in  crystals  in  the  cooler 
part  of  the  tube  and  purified  by  solution  in  ether,  and  evaporation.  When 
gently  heated  it  rises  in  vapor  without  decomposition,  and  yields  a crys- 
talline sublimate.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  ether, 
and  essential  oils.  It  sinks  in  water.  It  burns  with  a red  flame,  giving 
off  much  smoke  and  fumes  of  hydrochloric  acid.  Acids  do  not  act  on  it. 
When  its  vapor  is  highly  heated  in  a tube,  chlorine  is  given  off',  and  char- 
coal deposited:  when  potassium  is  burnt  in  it,  it  forms  chloride  of  potas- 
sium and  liberates  charcoal:  when  it  is  detonated  over  mercury,  with 
oxygen,  carbonic  acid  and  chloride  of  mercury  are  the  results:  passed 
over  hot  oxide  of  copper,  it  forms  chloride  of  copper  and  carbonic  acid ; 
and  over  hot  lime,  it  occasions  ignition,  and  produces  chloride  of  calcium 
and  carbonic  acid.  The  results  of  its  analysis  hy  oxide  of  copper,  shoAV  ' 
that  it  consists  of 

Carbon 2 12  25 

Chlorine  1 3G  75 

Bichloride  of  carbon  ....  1 43  100 

Protochloride  of  Carbon.  CCl.  When  scsqnichloride  of  carhon  is- 
passed  through  a red-hot  tube  containing  fragments  of  rock-crystal  to»: 
increase  the  heated  surface,  it  gives  off*  a portion  of  chlorine,  and  is  con- 
verted into  a liquid  protochloride  of  carhon.  Regnault  obtains  this  pro— 
tochloride  hy  dissolving  the  sesquichloride  in  alcohol,  and  then  dropping, 
into  it  an  alcoholic  solution  of  hydrosulphuret  of  potassium  so  long  as- 
sulphuretted  hydrogen  is  evolved  : chloride  of  potassium  falls,  and  the' 
clear  solution,  poured  off' and  distilled  from  the  excess  of  hydrosulphuret- 
is  mixed  with  water:  the  chloride  of  carbon  separates  in  the  form  of  a? 
heavy  colorless  liquid.  Its  specific  gravity  is  1*6:  it  is  not  combustible, 
except  retained  in  the  flame  of  the  spirit-lamp,  when  it  burns  with 
yellow  flame,  much  smoke,  and  the  fumes  of  hydrochloric  acid.  It  does' 
not  congeal  at  it  boils  at  about  165°,  (Faraday);  250°,  (Regnault)  ■ 
the  density  of  its  vapor  being  5‘82.  (Berzelius  supposes  that  Faraday  anc: 
Regnault  describe  isomeric  varieties  of  the  same  chloride.)  It  is  in- 
soluble in  water,  hut  soluble  in  alcohol,  ether,  and  the  oils.  It  is  noi- 
affected  by  the  acids  or  alkalis,  nor,  at  common  temperatures,  by  solu- 
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tions  of  silver.  It  dissolves  clilorine,  iodine,  sulpliur  and  phosplionis.  It 
consists  of 

Carbon 1 G 14’Ji 

Chlorine  1 30  Ory? 

Protochloride  of  carbon  1 42  lOO'O 

Sesquichlokide  of  CARBOiS'.  C^2C]3.  By  exposing  the  variety  of  car- 
buretted  hydrogen  usually  termed  olefiant  gY/,y,  mixed  AAdth  great  excess  of 
chlorine  to  the  action  of  liglit,  a white  crystalline  suhstance  is  obtained, 
Avhich,  when  purified  by  Avashing  Avith  Avater,  is  a sesqiiichloride  (f  carbon. 
It  is  formed  as  folloAvs  : A glass  A’'essel  capable  of  holding  about  200  cubic 
inches,  is  properly  mounted  Avith  a stop-cock,  and  exhausted  upon  the 
air-pump;  it  is  then  nearly  filled  Avith  chlorine,  and  aftei'AA'ards  placed  in 
connexion  Avith  ajar  of  olefiant  gas  standing  over  Avater,  and,  as  much  as 
can  enter  having  passed  in,  the  cocks  are  shut,  and  the  Avhole  left  for  a 
short  time:  Avhen  the  fluid  compound  of  chlorine  and  carburetted  hydro- 
gen (described  further  on)  has  formed,  the  cocks  are  re-opened,  and  a 
fresh  portion  of  carburetted  liydrogen  rushes  in,  in  consequence  of  the 
condensation  Avhich  has  taken  place;  this  is  left,  as  before,  to  combine 
Avith  the  remaining  chlorine,  and  the  process  continued,  until  no  further 
action  ensues,  and  the  A-essel  is,  in  fact,  full  of  carburetted  hydrogen: 
chlorine  is  then  similarly  admitted,  in  repeated  portions,  and,  ultimately, 
a quantity  of  the  liquid  hydrochloride  of  carbon  is  obtained,  Avith  an 
atmosphere  of  chlorine  above  it : in  this  state  it  is  exposed  to  the  direct 
rays  of  the  sun.  The  chlorine  speedily  disappears,  and  hydrochloric  acid 
is  formed  : this  is  absorbed  by  the  admission  of  a little  water;  another 
atmosphere  of  chlorine  is  then  admitted,  and  exposure  to  the  sun  re- 
peated; by  continuing  these  operations,  the  whole  of  the  hydrogen  is  at 
length  abstracted  in  the  form  of  hydrochloric  acid,  and  crystals  are  formed 
in  the  liquid  ; these  are  to  he  collected,  Avashed,  and  pressed  betAveeii 
bibulous  papers,  then  introduced  into  a glass  tube,  and  sublimed  by  a 
spirit-lamp;  the  pure  substance,  Avith  Avater,  Avill  rise  at  first,  but  the  last 
portions  Avill  be  partially  decomposed,  Iiydrochloric  acid  Avill  he  liberated, 
and  charcoal  left.  The  sublimed  portion  is  then  to  he  dissoh^ed  in 
alcohol,  and  poured  into  a Aveak  solution  of  potassa,  by  Avhich  the  sub- 
stance is  throAvn  doAvn,  and  the  hydrochloric  acid  neutralized  and  sepa- 
rated; then  Avash  the  substance  Avith  repeated  affusions  of  Avater,  collect 
and  dry  it,  first  hetAveen  folds  of  paper,  and  then  in  the  exhausted  re- 
ceiver of  the  air-pump.  If  quite  pure,  it  sublimes  Avithout  any  change, 
and  a small  portion  dissolved  in  ether  gives  no  precipitate  Avith  nitrate  of 
silver. 

In  this  state  it  is  nearly  tasteless;  its  odor  resembles  camphor;  its 
specific  gravity  is  about  2;  it  is  a non-conductor  of  electricity,  and 
poAverfully  refracts  light.  It  is  volatile,  and  in  close  vessels  fuses  at  .320^^; 
it  boils  at  and  may  he  distilled  Avithout  decomposition  : its  Anpor 

again  condenses  in  crystals  as  it  cools.  According  to  Regnault,  the  den- 
sity of  its  vapor  is  8T57,  or  120  in  reference  to  hydrogen  = I.  It  is 
not  very  combustible,  hut  burns  Avhen  held  in  the  flame  of  a spirit-Iarnp, 
Avith  the  emission  of  much  smoke  and  acid  fumes.  It  burns  vividly  in 
oxygen  gas.  It  is  insoluble  in  Avater,  hut  readily  soluble  in  alcohol  and 
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ether ; these  solutions  deposit  arborescent  and  quadrangular  crystals.  It 
also  dissolves  in  volatile  and  fixed  oils.  It  is  scarcely  acted  upon  by 
alkaline  and  acid  solutions,  but  most  of  the  metals  decompose  it  at  a red 
heat.  Potassium  burns  brilliantly  in  its  vapor,  causing  the  deposition 
of  carbon,  and  the  production  of  chloride  of  potassium.  The  metallic 
oxides  also  decompose  it  at  high  temperatures,  producing  metallic  chlo- 
rides, and  carbonic  acid  or  oxide,  according  to  the  proportion  of  oxygen 
present ; no  water  is  produced,  showing  the  absence  of  hydrogen  in  the 
compound.  It  appears,  from  various  analytical  experiments  upon  this 
compound,  among  which  may  be  mentioned  its  decomposition  by  passing 
it  through  red-hot  peroxide  of  copper,  that  it  is  a sesqiiichloride  of  carboji^ 
consisting,  therefore,  of 


Carbon 2 ....  12  ....  10 

Chlorine  3 ....  108  ....  90 


Sesquichloride  of  carbon 1 120  100 

Bichloride  of  Carbon.  CCl2.  This  compound  may  be  obtained  by 
the  action  of  chlorine  and  light  on  that  variety  of  carburetted  hydrogen 
known  as  marsh-gas  or  fire-damp.  (See  Bihydroguret  of  Carbon^  p.  476.) 
It  may  also  be  obtained  by  the  action  of  chlorine  on  hydrochloric  ether, 
or  on  chloroform,  compounds  described  under  the  head  of  ethers^  and 
amongst  organic  products;  but  the  best  process  for  procuring  it  is  that  of 
Kolbe.  (Berzelius,  Lehrbuch^  i.  303,  Ed.  1843.)  A mixture  of  clilorine 
and  the  vapor  of  sulphuret  of  carbon  is  passed  through  a porcelain  tube 
filled  with  fragments  of  porcelain,  and  at  a high  red-heat : chloride 
of  sulphur  and  bichloride  of  carbon  are  formed,  which  produce  a deep 
reddish-yellow  liquid,  condensible  in  a well-cooled  receiver:  tlie  chlorine 
is  best  saturated  with  the  vapor  by  merely  passing  it  through  a flask  con- 
taining, sulphuret  of  carbon,  which  is  sufiiciently  volatile  to  be  carried  off 
in  adequate  quantity  with  the  current  of  chlorine;  the  flask  should  not  be 
heated,  as  in  that  case  the  excess  of  the  vapor  is  wasted.  The  red  liquid 
is  left  for  some  time  in  contact  of  and  occasionally  shaken  with  a strong 
solution  of  caustic  potassa,  which  absorbs  the  chloride  of  sulphur,  so  that 
the  bichloride  of  carbon  may  be  distilled  off  from  the  mixture. 

Bichloride  of  carbon  is  a colorless  liquid  of  a peculiar  aromatic  but 
acrid  and  suffocating  odor:  its  sp.  gr.  is  1-59;  it  boils  at  172°:  the  density 
of  its  vapor  being  5*3.  (Regnault.)  It  is  insoluble  in  water,  but  soluble 
in  alcohol  and  ether : it  is  not  decomposed  by  caustic  or  sulphuretted  al- 
kalis : passed  through.a  red-hot  porcelain  tube,  more  or  less  chlorine  is 
separated,  and  one  or  other  of  the  preceding  chlorides  formed.  It  con- 
sists of 

Regnault. 

Carbon  1 ....  G ....  7*6‘9  ....  7-82 

Chlorine  2 ....  72  ....  92-31  ....  92-18 

Bichloride  of  carbon 1'  70  100-00  100  00 

Carbon  and  Iodine.  Protiodide  op  Carbon.  CI.  This  compound 
is  prepared  by  triturating  together  equal  parts  of  dry  sesquiodide  of 
carbon  and  perchloride  of  phosphoms,  and  gently  heating  the  mixture  ill 
a tubulated  retort,  the  beak  of  which  dips  into  water;  a liquid  passes  over, 
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which  falls  to  the  bottom  of  the  water,  and  which,  when  carefully  sepa- 
rated and  mixed  with  four  or  fire  parts  of  sulphuric  acid,  is  thus  freed 
from  hydrochloride  of  carbon,  and  remains  at  the  bottom  of  the  acid ; it 
is  ultimately  separated,  and  having  been  washed  with  a solution  of  potassa, 
and  lastly  with  water,  is  the  pure  iodide  of  carbon . It  is  a heavy,  yellow 
liquid,  of  a peculiar  etherial  odor  and  sweet  taste ; very  little  soluble  in 
water,  and  not  congealed  at  32°.  Exposed  to  air  it  gradually  reddens. 
It  does  not  act  upon  potassium ; in  the  flame  of  a candle  it  gives  out 
iodine.  It  is  decomposed  at  a red  heat  when  passed  over  peroxide  of 
copper,  and  from  the  produced  carbonic  acid,  Serullas  inferred  (A?in.  Cli. 
et  PA.,  xxxix.  231)  that  it  consists  of 

Carbon 1 G 4' 58 

Iodine  1 12G  95 ’42 

Protiodide  of  carbon  ....  1 182  lOO'OO 

Sesquiodide  of  Carbon.  O2I3.  This  compound  of  carbon  and  iodine 
was  first  obtained  by  Serullas,  and  considered  as  a hydriodide  of  carbon. 
{^Ann.  Ch.  et  Ph.,  xx.  163,  and  xxii.  172.)  It  was  subsequently  examined 
by  Mitscherlich.  [Ann.  Ch.  et  Ph,.^  xxvii.  85.)  It  is  produced  in  the  form 
of  a yellow  precipitate,  'when  a saturated  solution  of  iodine  in  alcohol  is 
mixed  with  a strong  alcoholic  solution  of  potassa  or  soda : part  of  the 
iodine  combines  with  the  potassium  or  sodium;  and  the  liberated  oxygen 
unites  to  the  hydrogen  of  the  alcohol  to  form  water,  whilst  another  part 
of  the  iodine  combines  with  the  carbon  of  the  alcohol.  Iodide  of  carbon 
is  of  a lemon-yellow  color,  and  a sweetish  taste.  It  crystallizes  in  bril- 
liant spangles;  its  smell  somewhat  resembles  that  of  saffron:  its  specific 
gravity  is  nearly  2.  It  is  not  sensibly  soluble  in  water,  but  dissolves  in 
80  times  its  weight  of  alcohol  of  0*825  specific  gravity  at  60°,  and  in  25 
times  at  95°.  One  part  dissolves  in  7 of  ether.  It  also  dissolves  in  fat 
and  volatile  oils;  and  when  its  solution  in  oil  of  lemon-peel  is  exposed  to 
light,  it  is  decomposed,  and  charcoal  and  iodine  are  deposited.  Sulphuric, 
sulphurous,  nitric,  and  hydrochloric  acids  have  no  action  upon  it,  nor  has 
aqueous  solution  of  chlorine ; but  gaseous  chlorine  decomposes  it,  and 
forms  chloride  of  iodine,  and  a white  substance,  which  is  probably  a chlo- 
ride of  carbon.  At  common  temperatures  it  gradually  evaporates  when 
exposed  to  air,  and  at  212°  volatilizes  without  decomposition ; between 
240°  and  248°  it  enters  into  fusion,  and  is  soon  decomposed,  giving  rise  to 
vapors  of  iodine  and  a brilliant  charcoal.  If  moisture  be  present,  carbonic 
and  hydriodic  acids  may  be  formed.  Serullas  analyzed  this  compound  by 
passing  it  over  ignited  peroxide  of  copper.  (Aim.  Ch.  et  PIi.^  xxxix.  230.) 
It  appears  to  be  a sesquiodide^  and  to  consist  of 

Carbon 2 12  8*07 

Iodine 3 378  9G*93 

Sesqniodide  of  carbon....  1 390  100*00 

Carbon  and  Bromine.  Protobromide  of  Carbon.  CBr.  Lowig 
obtains  this  compound  by  gradually  adding  bromine  to  alcohol  (sp.  gr, 
*833)  as  long  as  it  is  dissolved,  when  hydrobromic  acid  is  evolved  with 
effervescence ; alcoholic  solution  of  potassa  is  then  added  till  the  mixture 
becomes  colorless,  and  then  heat  is  applied  to  expel  the  greater  part  of 
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the  alcohol : on  the  addition  of  water,  camphor-like  crystals  of  protohro- 
inide  of  carbon  are  gradually  formed,  and,  at  the  same  time,  an  oil-like 
liquid  (sesquibromide  ?).  By  the  protracted  action  of  bromine  on  ether, 
and  subsequent  distillation,  hydrobromic  acid  passes  off  together  with  a 
colorless  oily  liquid,  and  on  saturating  the  sour  residue  with  solution  of 
potassa,  crystals  of  the  protobromide  are  also  deposited.  This  substance 
forms  white  fatty  scales ; it  has  an  etherial  odor,  and  a pungent  bitterish 
taste.  It  fuses  at  about  122°,  and  its  vapor  condenses  in  acicular  crystals. 
It  is  heavier  than,  and  insoluble  in,  water;  soluble  in  alcohol  and  ether; 
is  not  decomposed  by  acids  or  alkalis,  and  is  without  action  on  nitrate  of 
silver.  (Bekzelius,  LelirhiicJi.)  It  consists  of 


Lowig. 

Carbon  1 ....  C ....  714  ....  7‘3 

Bromine  1 ....  iH  ....  92'86  ....  92'7 


Protobromide  of  carbon ....  1 84  lOO’OO  lOO’O 

Sesqujbromide  of  Carbon.  C2Br3?  This  compound,  discovered  by 
8erullas  (Ann.  Ch.  et  Ph.,  xxxiv.  and  xxxix.),  is  formed  by  adding  two 
parts  of  bromine  to  one  of  the  solid  iodide  of  carbon,  and  just  enough 
solution  of  potassa  to  occasion  the  disappearance  of  the  free  iodine.  A 
liquid  bromide  of  carbon  will  appear  at  the  bottom  of  the  solution,  which 
is  to  be  separated  by  a funnel  or  otherwise,  but  without  washing  with 
water,  and  allowed  to  stand  till  it  has. become  quite  clear;  during  this 
time,  crystals  of  iodate  of  potassa  form  upon  the  surface ; the  clear  fluid 
beneath  is  to  be  withdrawn,  and  put  into  a weak  solution  of  potassa,  for 
the  purpose  of  decomposing  a little  protiodide  of  carbon  formed  at  the 
same  time  : a little  bromide  is  also  decomposed,  but  that  which  remains 
is  soon  left  in  a pure  state.  The  principal  properties  of  this,  (which  is 
probably  a sesquibromide  of  carbonf)  and  the  differences  between  it  and 
the  liquid  protiodide,  are  as  follows  : the  bromide  becomes  solid,  hard,  and 
crystalline,  at  32°,  and  remains  solid  up  to  43°;  the  iodide  remains  fluid 
in  the  lowest  temperatures.  The  bromide  gives  red  vapor ; the  iodide 
violet  vapor,  when  heated  in  the  flame  of  a spirit-lamp.  Neither  of  them 
act  upon  water,  but  are  slowly  decomposed  in  weak  alkaline  solutions. 
This  compound,  like  the  iodide,  is  by  some  suspected  to  contain  hydrogen. 

Fluoride  of  Carbon  is  unknown. 

Carbon  and  Hydrogen.  These  elements  unite  in  several  propor- 
tions, forming  gaseous,  liquid,  and  solid  compounds,  among  which  it  is 
sometimes  difficult  to  distinguish  those  which  ought  to  be  considered  as 
distinct  and  definite  from  others  which  are  mere  mixtures.  These 
compounds  are  generally  termed  hydrocarbons.,  or  hydrocarburels.,  and 
amongst  them  are  some  striking  illustrations  of  one  species  of  isomerism 
(from  tcrov,  equal.,  and  /xepo'^,  pari)^  that  is,  of  compounds  differing, 
often  essentially,  in  their  physical  or  chemical  properties,  or  both,  and  yet 
apparently  produced  by  the  union  of  the  same  elements  bearing  the 
same  ratio  to  each  other.  Bihydrocarbon  or  olefiant  gas,  and  quadrihy- 
drocarbon  or  etheriiie,  for  instance,  are  in  this  predicament;  when 
analyzed  the}^  are  each  found  to  consist  of  carbon,  and  hydrogen,  in  the 
same  relative  proportions,  namely,  I atom  of  carbon  united  to  I atom 
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of  In^drogen ; Lut  the  density  of  a volume  of  the  former  is  to  that  of  the 
latter,  as  1 to  2;  hence  there  are  twice  the  numher  of  simple  atoms  in 
an  equivalent  of  etherine,  that  exist  in  an  equivalent  of  olefiant  gas; 
and  assuming  the  density  of  hydrogen  as  — 1,  tliat  of  olefiant  gas  is  14, 
and  of  etherine  28 ; hence  we  consider  an  atom  of  olefiant  gas  as  con- 
stituted of  2 atoms  of  carbon,  and  2 atoms  of  hydrogen,  C2II2,  and  an 
atom  of  etherine  as  constituted  of  4 atoms  of  carbon,  and  4 atoms  of 
hydrogen,  Ctllf.  Their  respective  volumes,  equivalents,  and  densities, 
may,  therefore,  be  represented  thus;  as  will  be  obvious  by  referring  to 
the  following  more  detailed  state- 
ment of  their  composition.  Here, 
therefore,  although  the  compounds 
are  isomeric,  they  are  represented  by 
different  equivalent  numbers ; but 
there  are  cases  of  isomerism  in  which  the  same  elements  are  united  iji 
the  same  ratio,  so  as  to  produce  compounds  represented  by  the  same 
equivalent  number,  yet  essentially  distinct  in  their  chemical  characters. 
Urea,  for  instance,  has  the  empyric  formula  C2ri402N2  ; it  is  a basic 
body;  but  the  same  elements  constitute  hydrated  cyanate  of  ammonia,  in 
^Yhich  case  they  may  be  arranged  under  two  rational  formulas ; namely, 
as  NH3,C2N0,H0,  representing  ammonia,  cyanic  acid,  and  Avater;  or, 
NIl40,C2N0,  Avhich  represents  oxide  of  ammonium  and  cyanic  acid.  The 
equivalent  is  here  the  same  in  all,  namely,  60.  To  these  cases  the  dis- 
tinctive terms  jyohjmeric  and  melameric^  have  sometimes  been  applied. 
In  combining  the  elements,  in  cases  of  this  kind,  into  rational  formulas, 
Ave  must  be  guided  by  experiment,  or  analogy,  or  both : so  in  regard  to 
the  preceding  formulas  for  cyanate  of  ammonia,  that  AA'hich  represents  it 
as  a cyanate  of  oxide  of  ammonium  is  sanctioned  by  the  results  of  electro- 
lysis. To  give  a similar  case  of  an  inorganic  salt,  sulphate  of  potassa  is 
empyrically  represented  by  KS04  ; rationally,  by  K0,S03,  or  by  K,S04, 
and  the  latter  is  probably  the  more  correct  statement  of  its  proximate 
composition.  In  purel}^  inorganic  compounds,  the  elements  seem  to 
adhere  to  one  form  of  arrangement,  for  in  them,  cases  of  true  isomerism 
never  perhaps  occur,  the  elements  K,S,04  always  forming  the  same  salt  ; 
but  it  is  possible  that  a body  having  very  different  properties  might  result 
either  from  other  modes  of  their  atomic  arrangement,  or  by  doubling  the 
number  of  their  atoms : in  AAdiich  case,  if  Ave  assume  K,S04  to  be  the 
rational  formula  of  the  salt  usually  called  sulphate  of  potassa,  then, 
either  K0,S03,  or  K02,S02,  or  2 [KSO4],  &c.,  might  possibly  form  com- 
pounds of  perfectly  distinct  properties. 

Carbon  and  hydrogen  form  a numerous  and  important  series  of  com- 
pounds, many  of  Avhich  are  isomeric,  and  many  exclusively  of  organic 
origin,  that  is,  not  admitting  of  artificial  production.  It  must  also  be 
recollected,  that  the  principal  elements  of  the  infinitely  varied  products 
of  organization  are  carbon,  hydrogen,  oxygen,  and  nitrogen,  so  that  con- 
siderable difficulty  attends  the  arrangement  and  classification  of  these 
compounds,  and  by  far  the  greater  number  must  necessarily  be  referred 
to  the  chemistry  of  organic  bodies.  Some  Avriters  have  consigned  the 
entire  history  of  carbon  and  its  combinations  to  Organic  Chemistry ; ” 
others  have  separated  the  carboniferous  compounds  into  those  Avliich  are 
common  to  the  three  kingdoms  of  nature,  and  those  Avhich  are  peculiar 


Hydrogen. 

Olefiant. 

Etherine. 

1 

14 

28 
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to  vegetables  or  animals ; and  others  have  adopted  an  arrangement 
having  reference  merely  to  convenience  and  perspicuity : the  latter,  under 
existing  circumstances,  seems  the  preferable  plan,  and  I shall  proceed  in 
this  place  to  describe  such  of  these  compounds  as  admit  of  artificial  pro- 
duction, and  more  especially  those  which  are  either  binary,  or  binary 
derivations,  or  which  rec^uire  description  in  reference  to  the  history  of 
metallic  compounds. 

Light  Carburetted  Hydrogen.  Bihydroguret  of  Carbon.  Fire- 
damp OP  Coal  Mines.  Marsh  Gas.  CH2.  Under  these  names  an 
important  variety  of  hydrocarbon  is  designated,  which  occasionally  occurs 
pent  up  in  cavities  in  coal-mines  (Davy,  PhiL  Trans. ^ 1815,)  and  which 
is  also  said  to  be  abundantly  formed  in  stagnant  pools  during  the  spon- 
taneous decomposition  of  vegetable  matter,  and  to  be  procured  by  stirring 
up  the  fetid  mud,  and  collecting  the  gas  that  rises  in  an  inverted  glass 
jar;  in  this  state  it  is  mixed  with  a little  nitrogen  and  with  carbonic 
acid ; the  latter  may  be  separated  by  washing  the  gas  in  lime-water  or 
in  a solution  of  caustic  potassa.  The  gas  procured  from  a blower  in  a 
coal-mine,  after  having  been  washed  with  lime-water,  furnishes  this 
compound  in  a pure  state ; but  it  may  be  best  obtained  by  the  decom- 
position of  certain  acetates.,  under  the  following  conditions,  first  pointed 
out  by  Persoz,  and  described  by  Dumas,  {Sur  les  Types  Chimiques^ 
Ami.  Ch.  et  Ph.,  Lxxii.  73  ;)  40  parts  of  crystallized  acetate  of  soda, 
40  of  caustic  potassa,  and  60  of  powdered  quick-lime  are  well  mixed 
and  heated  in  a glass  retort,  the  use  of  the  lime  being  to  prevent  the 
action  of  the  alkali  upon  the  glass ; at  a heat  approaching  dull  redness, 
the  gas  is  abundantly  evolved  and  may  be  collected  over  water : the 
action  is  determined  by  the  affinity  of  the  alkaline  bases  for  carbonic  acid 
and  the  instability  of  the  acetic  acid,  at  high  temperatures;  an  atom  of 
acetic  acid  and  an  atom  of  water  producing  carbonic  acid,  which  combines 
with  the  soda  and  potassa,  and  light  carburetted  hydrogen  which  passes 
off;  (C4H3O3  + HO),  yielding  2002,  and  20112.  A mixture  of  1 equiva- 
lent of  fused  hydrate  of  baryta  (=86  parts)  and  1 of  anhydrous  acetate 
of  soda  (=83  parts)  similarly  treated,  also  yield  a pure  gas. 

Sir  H.  Davy  found  the  specific  gravity  of  this  gas  to  be  0’555,  and 
compared  with  hydrogen  as  8 to  1.  100  cubical  inches  weigh  ]7‘4 

grains  (or,  according  to  Thomson,  18*2148  grains  at  the  temperature  of 
32°),  and  nearly  the  same  specific  gravity  is  assigned  to  this  gas  (0*559) 
by  Henry  and  Dalton.  Its  refractive  power  is  2*0975  ^b*  being  1*000. 
"Syfien  pure,  it  is  of  course  unrespirable,  but  it  is  not  very  noxious  when 
mixed  with  air.  It  is  sparingly  soluble  in  water,  14  cubic  inches  of 
which  take  up  about  1 of  the  gas.  It  is  hardly  sensibly  soluble  in  alcohol 
or  ether,  and  in  oil  of  turpentine  the  proportion  dissolved  is  not  probably 
one-fifteenth  of  the  volume  of  the  fluid  employed.  (Faraday.)  It  is 
inflammable,  burning  with  a yellow  flame,  and  producing  carbonic  acid 
and  water;  it  has,  when  quite  pure,  scarcely  any  odor.  Its  specific  heat 
has  not  been  determined.  It  is  not  decomposed  by  electric  sparks;  but 
when  passed  through  a white-hot  tube,  deposits  a portion  of  its  carbon. 
When  chlorine  is  mixed  with  the  gas  of  the  acetates,  there  is  no  im- 
mediate action ; but  when  I volume  of  the  gas  and  3 of  chlorine  are 
mixed  and  exposed  to  diffuse  light,  a violent  explosion  soon  ensues. 
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breaking  the  vessels  and  depositing  carbon.  When  the  gas  is  previously 
mixed  with  its  volume  of  carbonic  acid,  the  chlorine  may  be  added 
without  danger,  and  an  oily  liquid  is  deposited,  which  is  chiefly  chloride 
of  carbon.  This  result  is  best  obtained  by  connecting  a flask,  holding 
about  a quart  measure  of  the  carburetted  hydrogen,  with  one  of  thrice 
that  capacity  of  chlorine,  by  means  of  a tube  of  small  bore,  and  so  placing 
them  that  the  chlorine  may  be  below  and  the  carburetted  hydrogen 
above : under  the  influence  of  the  sun’s  rays,  the  gases  thus  gradually 
mix  and  react  on  each  other,  producing  the  oily  liquid,  which,  when 
collected  and  dried,  yielded  C 7*5?  H O’E  Cl  92*4  per  cent.:  assuming  the 
trace  of  hydrogen  as  accidental,  the  projiortions  of  carbon  and  chlorine 
are  nearly  as  6 to  72,  or  zz:  CCl2,  giving  therefore  the  bichloride  of  carbon. 
When  this  gas  is  passed  with  chlorine  through  a red-hot  tube,  carbon  is 
thrown  down  and  hydrochloric  acid  formed. 

100  volumes  of  this  gas  require  200  of  oxygen  for  perfect  combustion, 
and  the  result  is  watei\  and  100  volumes  of  carbonic  acid.  100  volumes 
of  carbonic  acid  contain  100  of  oxygen,  or  half  the  quantity  consumed  ; 
the  remaining  100  volumes,  therefore,  must  have  combined  with  200  of 
hydrogen  to  form  water ; hence  this  gas  is  constituted  of 

Carbon 1 G 75 

Hydrogen  2 2 25 

Light  Carb.  Hydrogen  1 8 100 

Or, 

Sir  H.  Davy  made  several  experi- 
ments on  the  combustibility  and  explo- 
sive nature  of  this  gas.  He  found  that 
when  1 volume  was  mixed  with  1 of 
air,  they  burnt  by  the  approach  of  a 
lighted  taper,  but  did  not  explode;  2 
of  air  and  3 of  air  to  1 of  gas  produced 
similar  results.  When  4 of  air  and  1 of 
the  gas  were  exposed  to  a lighted  candle, 
the  mixture  being  in  the  quantity  of  6 or  7 cubical  inches  in  a narrow- 
necked bottle,  a flame  descended  through  the  mixture,  but  there  was  no 
noise:  1 volume  of  gas  inflamed  with  6 of  air  in  a similar  bottle,  produced 
a slight  whistling  sound:  1 of  gas  with  8 of  air,  rather  a louder  sound  : 
1 with  10,  11,  12,  13,  and  14,  still  inflamed,  but  the  violence  of  combus- 
tion diminished.  In  1 of  gas  and  15  of  air,  the  candle  burnt,  without 
explosion,  with  a greatly  enlarged  flame ; and  the  effect  of  enlarging  the 
flame,  but  in  a gradually  diminishing  ratio,  was  produced  as  far  as  30 
parts  of  air  to  1 of  gas.  The  mixture  which  seemed  to  possess  the 
greatest  explosive  power  was  that  of  7 or  8 volumes  of  air  to  1 of  gas ; 
but  the  report  produced  by  50  cubical  inches  of  this  mixture  was  less  than 
that  produced  by  one-tenth  of  the  quantity  of  a mixture  of  2 parts  of 
atmospheric  air  and  1 of  hydrogen. 

In  reference  to  the  degree  of  heat  required  to  explode  this  gas  mixed 
with  its  proper  proportion  of  air,  it  was  found  that  a common  electrical 
spark  would  not  explode  5 parts  of  air  and  1 of  the  gas,  though  it  ex- 
ploded 6 parts  of  air  and  1 of  the  gas ; but  very  strong  sparks  from  the 
discharge  of  a Leyden  jar  seemed  to  have  the  same  po’wer  of  exploding 
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different  mixtures  of  the  gas  as  the  flame  of  the  taper.  Well-hurned 
charcoal,  ignited  to  the  strongest  red-heat,  did  not  explode  any  mixture 
of  air  and  of  the  fire-damp  ; and  a fire  made  of  well-hurned  charcoal,  i.  e. 
charcoal  that  burned  without  flame,  was  blown  up  to  whiteness  by  an 
explosive  mixture  containing  the  fire-damp,  without  producing  its  inflam- 
mation. All  iron-rod  at  the  highest  degree  of  red-heat,  and  at  the 
common  degree  of  white-heat,  did  not  inflame  explosive  mixtures  of  the 
fire-damp;  but,  when  in  brilliant  combustion,  it  produced  the  effect.  The 
flame  of  gaseous  oxide  of  carbon,  as  well  as  that  of  olefiant  gas,  exploded 
the  mixtures  of  the  fire-damp. 

In  respect  of  combustibility,  then,  this  hydrocarburet  differs  materially 
from  the  other  common  inflammable  gases.  Sir  Humphry  found  that 
olefiant  gas,  which  explodes  mixed  in  the  same  proportion  with  air,  is 
fired  by  both  charcoal  and  iron  heated  to  redness.  Carbonic  oxide,  which 
explodes  when  mixed  with  2 parts  of  air,  is  likewise  inflammable  by  red- 
hot  iron  and  charcoal ; and  hydrogen,  which  explodes  when  mixed  with 
three-sevenths  of  its  volume  of  air,  takes  fire  at  the  lowest  visible  heat  of 
iron  and  charcoal ; and  the  case  is  the  same  with  sulphuretted  hydrogen. 
When  6 of  air  and  1 of  the  hydrocarburet  w^ere  exploded  over  water  by  a 
strong  electrical  spark,  the  explosion  was  not  very  strong,  and,  at  the 
moment  of  the  greatest  expansion,  the  volume  of  the  gas  did  not  appear 
to  be  increased  more  than  one-half.  (This  appears  the  expansion  when 
the  tube  is  very  small;  in  larger  tubes  it  is  considerably  more.  The 
volume  of  the  gas  appears  at  least  tripled  during  the  explosion.)  Nitro- 
gen and  carbonic  acid  mixed  in  different  quantities  with  explosive 
mixtures  of  fire-damp,  diminished  the  velocity  of  the  inflammation. 
Nitrogen,  wdien  mixed  in  the  proportion  of  1 measure  to  6 of  an  explosive 
mixture  containing  12  of  air  and  1 of  fire-damp,  deprived  it  of  its  power  of 
explosion ; a\  hen  1 measure  of  nitrogen  was  mixed  with  7 of  an  explosive 
mixture,  only  a feeble  blue  flame  slowdy  passed  through  it.  One  volume 
of  carbonic  acid  to  7 of  an  explosive  mixture,  deprived  it  of  the  power  of 
exploding;  so  that  its  effects  are  more  remarkable  than  those  of  nitrogen: 
probably,  in  consequence  of  its  greater  capacity  for  heat,  and  perhaps, 
likewise,  of  a higher  conducting  power  connected  with  its  greater  density. 
These  inquiries  are  important,  in  reference  to  the  existence  of  this  variety 
of  hydrocarburet,  under  the  name  of ^re-dcnup,  in  coal-mines. 

Olefiant  Gas.  Elayle.  Carburet  of  Hydrogen.  Bihydrocar- 
bon. C2H2.  This  gas  was  discovered  in  1796,  by  the  associated  Dutch 
chemists,  Bondt,  Dieman,  Yan  Troostwick,  and  Lawerenburg.  {Journ. 
de  Phijs.^  xiv.  178;  A7i?i.  de  Chim.^  xxi.  48.) 

It  is  usually  obtained  by  the  decomposition  of  alcohol  by  sulphuric 
acid.  For  this  purpose  about  two  parts  of  the  acid  and  1 of  alcohol 
(by  measure)  are  put  into  a retort,  and  heated  by  a lamp  ; complicated 
changes  ensue,  which  will  be  more  fully  explained  under  the  article 
Alcohol^  and  soon  after  the  mixture  boils,  the  gas  is  evolved.  It  may  be 
collected  over  water,  and  should  be  well  washed  with  lime  water,  or  with 
solution  of  potassa,  to  abstract  sulphurous  and  carbonic  acids;  it  also 
retains  a little  ethereal  vapor,  which  may  be  removed  by  agitating  it  with 
weak  alcohol  and  afterwards  with  water.  A more  refined  process  for  the 
production  of  olefiant  gas  consists  in  passing  the  vapor  of  hydrous  alcohol 
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into  siilpliiinc  acid  so  far  diluted  as  to  have  its  boiling  point  reduced  to 
325^,  (about  2 parts  of  oil  of  vitriol,  sp.  gr.  1*8,  and  I of  water.)  The 
acid  is  put  into  a tubulated  retort,  to  which  a tubulated  receiver  and  gas 
tube  are  annexed,  and  the  alcohol  (sp.  gr.  0*850)  is  introduced  into  a 
flask  from  which  a bent  tube  passes  through  the  tubulurc  of  the  retort,  so 
as  to  convey  the  alcoholic  vapor  into  the  boiling  acid  (fig.  308) : there 
should  also  be  a thermometer  in  the  acid,  and  when  this  indicates  the 
temperature  of  about  325°,  heat  is  applied  to  the  alcohol  flask,  so  as  to 
send  its  vapor  through  the  boiling  acid  at  such  a rate  as  to  maintain  as 
nearly  as  possible  the  above  temperature.  Under  these  circumstances 
the  vapor  of  the  hydrated  alcohol  is  converted  (catalytically?)  into  olefiant 
gas  and  aqueous  vapor : the  latter,  with  a little  alcohol  and  ether,  passes 
into  tlie  receiver,  which  should  be  well  cooled,  and  the  olefiant  gas  goes 
otf  by  the  bent  gas  tube,  and  may  be  collected  as  usual;  when  the  process 
is  properly  conducted,  the  acid  is  not  discolored,  and  no  sulphurous  acid 
is  formed.  (AIitscherlich.) 


The  specific  gravity  of  olefiant  gas,  as  usually  prepared,  is  about  *980, 
or  compared  with  hydrogen  as  14  to  1,  and  100  cubical  inches  weigh 
about  30  grains.  According  to  Thomson,  its  specific  gravity  is  0*9722 
(the  same  as  that  of  nitrogen  and  of  carbonic  oxide),  and  100  cubic 
inches  at  the  temperature  of  32°  weigh  31*8790  grains.  Its  refractive 
power  is  1*818  air,  being z=  1*000  : and  its  specific  heat  compared  with 
that  of  air,  is  1*53  (Dulong),  1*55  (De  la  Roche  and  Berard),  being 
greater  than  that  of  any  other  gas. 

Under  the  combined  influence  of  intense  cold  and  pressure,  Faraday 
{Phil.  Trans. 1845,  p.  160),  succeeded  in  condensing  olefiant  gas  into 
a clear  colorless  transparent  liquid,  not  solidifiable ; its  vapor  exerts  a 
pressure  of  26*9  atmospheres  at  0°. 

Olefiant  gas,  when  carefully  purified,  has  little  odor,  though  it  is  very 
difficult  to  get  rid  of  traces  of  ether:  it  is  inflammable,  burning  with  a 
bright  and  highly  luminous  flame,  (p.  127.)  It  extinguishes  a taper,  and 
is  quite  unrespirable.  Water  absorbs  about  one-eighth  its  volume  of 
olefiant  gas  (100  C.  I.  of  water  take  up  15*3,  Berzelius),  leaving  an 
insoluble  residue,  which  burns  like  light  carburetted  hydrogen.  Alcohol 
and  ether  take  up  2 volumes  of  this  gas ; oil  of  turpentine  2*5  volumes, 
and  olive  oil  1 volume,  by  agitation  at  common  temperatures  and  pres- 
sures, but  a residue  is  always  left,  having  the  characters  of  light  carbu- 
retted hydrogen.  (Faradaal)  Obtained,  therefore,  by  the  usual  process, 
the  gas  appears  to  contain  different  proportions  of  light  hydrocarbon  and 
proba])ly  other  vapors,  differing  at  different  periods  of  its  evolution ; and 
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according  to  Faraday,  even  the  portion  of  gas  absorbed  by  oil  of  turpen- 
tine, is  not  of  one  uniform  composition.  It  is  absorbed  by  sulphuric 
acid : in  the  course  of  several  days,  1 volume  of  sulphuric  acid  absorbs 
between  80  and  90  of  olefiant  gas,  and  a peculiar  compound  results, 
capable  of  forming  distinct  salts.  (Such  compounds  will  be  more  parti- 
cularly noticed  under  the  articles  Naphthalin^  Oil  of  Wi?ie,  and  Snlpho- 
vinic  Acid.) 

One  volume  of  olefiant  gas  requires,  for  perfect  combustion,  three  of 
oxygen.  When  sulphur  is  heated  in  one  volume  of  this  gas,  charcoal 
separates,  and  two  volumes  of  sulphuretted  hydrogen  result.  As  hydro- 
gen suffers  no  change  of  volume  by  combining  with  sulphur,  it  follows 
that  olefiant  gas  contains  two  volumes  of  hydrogen  condensed  into  one ; 
hence  the  quantity  of  oxygen  required  for  its  combustion.  This  gas  is 
also  decomposed  by  heat  alone,  as  by  passing  and  repassing  it  through  a 
red-hot  tube  of  earthenware  or  metal ; it  then  gradually  deposits  its 
carbon,  and  is  ultimately  expanded  into  twice  its  original  volume  of  pure 
hydrogen^'.  An  analogous  decomposition  is  observed  of  the  olefiant  gas 
generated  in  the  retorts  of  gas-works,  and  is  connected  with  the  deposition 
of  several  interesting  forms  of  carbon.  (Marchand,  Chem.  Gaz.^  June, 
1843). 

When  07ie  volume  of  olefiant  gas  is  detonated  by  the  electric  spark  in 
a proper  tube  (which,  on  account  of  the  violence  of  the  explosion,  should 
be  very  strong),  with  three  volumes  of  oxygen,  two  volumes  of  carbonic 
acid  are  formed,  and  water  is  deposited:  now  two  volumes  of  carbonic 
acid  contain  two  volumes  of  oxygen,  so  that  the  other  volume  of  oxygen 
must  have  condensed  two  volumes  of  hydrogen  to  form  water.  Hence, 
o?ie  atom  or  volume  of  olefiant  gas  must  contain  tivo  atoms  of  carbon, 
and  t7vo  atoms  or  volumes  hydrogen. 

The  following  diagrams  further  illustrate  the  results  of  the  combus- 
tion of  one  volume,  or  equivalent,  of  olefiant  gas  with  three  volumes  (or 
six  equivalents)  of  oxygen. 


Before  detonation. 


After  detonation. 


' Carbonic 

Acid. 


Water, 


Hydrogen. 

Oxygen. 

Hydrogen. 

Oxygen. 

* When  oil-gas,  compressed  into  ves- 
sels by  a power  equal  to  that  of  30  atmo- 
spheres, is  suddenly  allowed  to  escape 
through  a small  aperture  into  the  air,  the 
expansion  which  it  suffers  appears  to  occa- 


sion in  it  a degree  of  chemical  decomposi- 
tion; for  it  deposits  a black  carbonaceous 
matter  upon  paper  held  in  the  current, 
{Quarterly  Journal,  N.S.,  i.  204.) 
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It  is  oLvious,  from  the  ahove 
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Olefiant  Gas  and  Chlorine.  AYhen  olefiant  gas  is  mixed  D’ltli 
chlorine  in  the  proportion  of  1 to  2 by  volume,  the  mixture,  on  inflam- 
mation, produces  hydrochloric  acid,  and  charcoal  is  abundantly  deposited. 
If  the  gases  be  D'ell  mixed,  and  then  inflamed  in  a tall  and  narrow  glass 
jar  (about  2 feet  high  and  4 inches  in  diameter),  placed  with  its  mouth 
upwards,  the  experiment  is  very  striking;  a deep-red  flame  graduall}^ 
descends  through  the  mixture,  and  a dense  black  cloud  of  carbon  rises 
i]ito  the  atmosphere;  fumes  of  hydrochloric  acid  are  at  the  same  time 
formed,  and  a peculiar  aromatic  odor  is  evolved. 


Chloride  of  Olefiant  Gas.  Chloride  op  Elaa^le.  C2H2CI.  If 
instead  of  inflaming  the  mixture  of  one  volume  of  olefiant  gas  and  two 
volumes  of  chlorine,  the  gases  be  merely  mixed,  in  equal  volumes,  over 
water,  or  in  a clean  and  dry  glass  globe  exhausted  of  air,  they  act  slowly^ 
upon  each  other,  and  a peculiar  fluid  is  formed,  which  appears  like  a 
heavy  oil;  hence  the  term  olefiant  gas^  applied  to  this  hydrocarbon  by  the 
Dutch  chemists,  and  Elayle  (from  eXaiov  and  the  SQurce  of  an  oilf) 

by  Berzelius.  It  also  may  be  formed  by  allowing  a current  of  each  gas 
to  meet  in  a proper  receiver;  but  there  should  be  excess  of  olefiant  gas, 
for  if  the  chlorine  be  in  excess,  the  liquid  absorbs  it.  To  purify  it,  it 
should  be  washed  in  water,  and  then  carefully  distilled  from  fused 
chloride  of  calcium. 

Chloric  ether  is  the  name  applied  to  this  fluid  by  Dr.  Thomson,  who, 
in  1810,  ascertained  that  its  component  parts  were  chlorine  and  earbu- 
retted  hydrogen.  It  was  afterwards  examined  by  Robiquet  and  Colin 
{Ann.  Ch.  et  Eh.,  i.  and  ii.),  and  by  Regnault  {Ann.  Ch.  et  Eh.,  lxIx.  and 
Lxx.)  The  term  Hydrochloride  of  Carbon,  or  Hydrocarhuret  of  Chlorine, 
has  been  applied  to  it;  but  as  there  are  other  combinations  of  the  same 
elements,  the  term  Chloride  of  olifiant  gas  is  more  explicit:  it  has  also 
been  called  Dutch  liquid.  It  is  transparent  and  colorless;  its  taste  sweet, 
and  somewhat  acrid;  its  odor  fragrant;  its  specific  gravity  = I ‘2.  It  boils 
at  152L  According  to  Gay  Lussac  the  specific  gravity  of  its  vapor  is 
3’4d.  It  burns  with  a green  flame,  evolving  hydrochloric  acid,  and 
largely  depositing  charcoal.  It  is  decomposed  when  passed  through  a 

VoL.  I.  2 1 
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recl-liot  tube.  As  It  is  produced  by  eq^ual  volumes  of  cblorine  and  olefiant 
gas,  it  must  be  a compound  of 

Volumes.  Sp.Gr. 


Carbon 

Hydrogen 
Chlorine  . 


2 

2 


12 

2 


Olefiant  gas.... 


1 ....  3G  ....  72  Chlorine 


1 

1 
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2-47 


Chloride  of  olefiant  gas  1 50  100  1 3*45 

Another  view  of  the  atomic  constitution  of  this  compound  has  been 
adopted  by  Regnault,  which  regards  it  as  a combination  of  hydrochloric 
acid  with  the  chloride  of  acetyl;  the  term  acetyl  being  applied  to  a 
hypothetical  hydrocarbon r=  C4H3,  which  is  considered  as  the  base  of 
acetic  acid,  to  which,  therefore,  I must  here  refer : but  in  reference  to  the 
present  question  it  will  be  obvious  that  2 atoms  of  hydrochloride  of  carbon 
contain  the  elements  of  chloride  of  acetyl  and  hydrochloric  acid,  for 
2[C2H2C1]  =C4H3C1  + HC1.  The  origin  and  further  application  of 
these  views  will  be  apparent  by  reference  to  the  tlieory  of  etherification, 
which  is  treated  of  under  organic  products : but  they  involve  discrepan- 
cies in  respect  to  the  densities  of  olefiant  gas  and  of  the  vapor  of  the 
hydrochloride,  and  confound  olefiant  gas  with  etherine  or  quadrihydro- 
carbon. 

The  action  of  chlorine  on  the  olefiant  chloride  is  attended  by  results 
which  well  illustrate  the  theory  of  substitutions  (Regnault),  and  new 
compounds  are  found  arising  out  of  the  abstraction  of  hydrogen  and  its 
replacement  by  chlorine.  Of  these  compounds  two  are  volatile  liquids, 
containing  C4ll3Cl3,  and  C4l-l2Cl4,  the  action  terminating  in  the  pro- 
duction of  sesquichloride  of  carbon  (471)  = C4C16  or  2 [C2CI3]. 

When  the  olefiant  chloride  is  dissolved  in  an  alcoholic  solution  of 
caustic  potassa,  and  gently  heated,  chloride  of  j^otassium  is  deposited,  and 
a peculiar  gas  or  vapor  escapes,  which  may  be  liquified  at  a temperature 
of  0°:  it  is  C4H3CI:  it  absorbs  chlorine,  producing  C4H3CI3,  and  this 
again  is  resolved  by  the  alcoholic  solution  of  potassa  into  chloride  of 
potassium,  and  a new  volatile  liquid  — C4H2OI2. 

Olefiant  G as  and  Iodine.  Iodide  of  Olefiant  Gas.  Iodide  of 
Elayle.  C2H2I.  When  iodine  and  olefiant  gas  are  exposed  to  the 
action  of  light,  they  form  a compound,  first  obtained  by  Faraday.  {Phil. 
Trans..)  1821,  p.  72.)  Iodine  and  olefiant  gas  were  put  in  various  pro- 
portions, into  retorts,  and  exposed  to  the  sun’s  rays:  after  a while  color-, 
less  crystals  were  formed,  and  a partial  vacuum  was  produced:  the  gas  in 
the  vessels  was  found  to  contain  no  hydriodic  acid.  The  compound  was 
purified  by  introducing  a solution  of  potassa  into  the  retort,  Avhich  dis- 
solved the  free  iodine ; the  substance  ’svas  then  collected,  Avashed,  and 
dried. 

The  olefiant  iodide  is  a white  crystalline  solid,  fusible  at  174°, 
and  volatile  without  decomposition ; its  taste  is  sweet,  and  its  odor  aro- 
matic. It  is  insoluble  in  water.  It  sinks  in  sulphuric  acid  of  the 
specific  gravity  1*84.  It  is  a non-conductor  of  electricity.  When  highly 
heated  it  evolves  iodine  : it  is  not  readilv  combustible,  but  when  held  in 
the  flame  of  a spirit-lamp,  burns,  diminishing  the  flame,  giving  off  abun- 
dance of  iodine,  and  some  fumes  of  hydriodic  acid.  It  is  soluble  in 
alcohol  and  ether,  and  may  be  obtained  in  crystals  from  these  solutions. 
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The  alcoholic  solution  is  of  a sweet  taste,  hut  leaves  a sharp  sensation 
upon  the  tongue.  Sulphuric  acid  does  not  dissolve  it,  hut,  wdien  heated 
in  the  acid  to  between  300°  and  400°,  it  is  decomposed,  apparently  hy 
the  heat  alone,  and  iodine  and  a gas  (probably  olefiant)  are  liberated. 
Boiling  solution  of  potassa  gradually  decomposes  it. 

It  was  analyzed  as  follows,  (^Quarterly  Jour'nal^  xiii.)  Four  grains 
were  passed  in  vapor  over  heated  copper  in  a green-glass  tube ; iodide 
of  copper  was  formed,  and  pure  olefiant  gas  evolved,  amounting  to  1*37 
cubic  inches,  or  0'413  grains.  Now  4 grains,  minus  0‘413  grains,  leaves 
3*587  of  iodine,  and  3*587  : 0'413  : : 126  : 14*3  nearly;  the  constitution 
of  this  compound,  therefore,  is  analogous  to  that  of  the  hydrochloride  of 
carbon ; it  may  be  regarded  as  composed  of 


Carbon  . , , 
Hydrogen 
Iodine 


2 

2 

1 


12 

o 

Smi 

126 


Olefiant  gas  ...*  1 ....  14 

89-93  Iodine  1 ....  12 


Iodide  of  olefiant  gas  ....  1 140  lOO'OO 


140 


Olefiant  Gas  and  Bromine,  Bromide  of  Olefiant  Gas.  Bro- 
mide OF  Elayle.  C2H2Br.  YvHien  the  preceding  iodide  of  olefiant 
gas  is  added  to  bromine,  a hissing  noise  is  produced,  with  much  heat, 
and  a bromide  of  iodine  and  fluid  compound  of  olefiant  gas  and  bromine 
are  formed.  The  bromide  of  iodine  may  be  removed  by  water,  and  the 
olefiant  bromide,  "with  a slight  excess  of  bromine,  remains.  It  may  be 
rendered  colorless  by  a little  alkali.  If  the  iodide  is  in  excess,  subbro- 
mide of  iodine  is  the  principal  result. 

The  pure  olefiant  bromide  is  a colorless  liquid,  heavier  than  water,  of 
a penetrating  ethereal  odor,  a sweet  taste,  and  volatile.  It  does  not 
change  color  by  exposure  to  air.  At  22°  it  becomes  solid,  and  breaks 
like  camphor.  It  was  formed,  by  Balard,  by  letting  a few  drops  of 
bromine  fall  into  a flask  of  olefiant  gas.  {Ann.  Ch.  el  P/l,  xxxiv.) 
It  consists  of 


Carbon 

Hydrogen 
Bromine  t 


2 ....  12 

2 ....  2 

1 ....  78 


^2*^g| Olefiant  gas  ....  1 

84-78  Bromine 1 


14 

78 


Bromide  of  olefiant  gas  ....  1 92  100 -00 


1 92 


Bicarburet  of  Hydrogen.  CgH3.  For  our  knovdedge  of  this 
combination  we  are  indebted  to  Faraday.  {PML  Trans. 1825,  p.  440.) 
When  certain  oils  are  passed  through  red-hot  tubes,  as  in  the  process  for 
making  gas  for  the  purpose  of  illumination,  there  is  at  the  same  time  a 
vapor  produced,  wdiich,  by  considerable  pressure,  and  by  cold,  may  be 
reduced  to  a liquid  state.  Large  quantities  of  this  liquid  were  obtained 
at  the  Portable  Gas-works,  by  subjecting  the  gas  produced  by  the  de- 
composition of  'whale  oil,  to  a pressure  of  30  atmospheres ; this  occa- 
sioned the  deposition  of  the  fluid,  which  wms  drawn  off  by  a Amlve:  it 
effervesced  as  it  issued  forth,  and  by  the  difference  of  refractive  pouter,  a 
dense  transparent  vapor  was  seen  at  the  same  time  descending  through 
the  air.  This  effervescence  immediately  ceased,  and  the  liquid  was 
readily  retained  in  ordinary  stoppered  bottles.  1000  cubical  feet  of  good 
gas  yielded  nearlv  one  gallon  of  it.  It  appeared  as  a thin  light  fluid, 

2 I 2 


484 


BICARBURET  OF  IIYDBOGEX. 


sometimes  transparent  and  colorless,  at  otliers  opalescent,  being  bro^vll 
by  transmitted,  and  green  by  reflected  light;  it  had  the  odor  of. oil-gas. 
Its  specific  gravity  Avas  0-821  : it  did  not  congeal  AAdien  cooled  doAvn  to 
0°;  Avas  insoluble  in  Avater,  readily  soluble  in  alcohol,  ether,  and  oils  ; 
sloAAdy  decomposed  by  nitric  acid;  and  formed  peculiar  combinations 
Avith  sulphuric  acid,  afterwards  to  be  noticed.  This  fluid  Faraday  found 
to  be  a mixture  of  various  bodies,  differing  in  their  degrees  of  volatility; 
to  separate  them,  he  carefully  distilled  successlAm  portions  into  receivers 
cooled  to  0°,  the  receiver  being  changed  AA’ith  each  rise  of  10°  in  the 
retort,  and  the  liquid  retained  in  a state  of  incipient  ebullition  : it  Avas 
thus  found  that  the  boiling-point  Avas  most  constant  between  170°  and 
190°,  at  Avhich  temperature  considerable  quantities  passed  over  AA'ithout 
any  change  in  the  degree.  Of  this  rectified  fluid  a portion  aavos  exposed 
to  a temperature  of  0°,  Avhen  part  of  it  solidified,  and  being  collected  and 
dried  by  pressure,  did  not  liquify  till  raised  to  28°. 

This  portion  constitutes  the  compound  Avhicli  Ave  have  aboA^e  termed 
Bicarhuret  of  Hydrogen.  It  appears  as  a colorless  transparent  liquid, 
liaving  a peculiar  odor  like  oil-gas  mixed  Avith  that  of  bitter  almonds. 
Its  specific  gravity  is  0-85  at  60°.  When  cooled  to  a little  beloAv  32°,  it 
solidifies,  and  contracts  considerably  on  congealing.  It  does  not  conduct 
electricity;  CAmporates  AAdien  exposed  to  air;  boils  at  186°X  The  specific 
gravity  of  its  Ampor  is  2*775  oi*  compared  Avitli  lij^drogen  as  39  to  1.  100 

cubical  inches,  therefore,  at  mean  temperature  and  pressure,  Avould  Aveigli 
about  85  grains.  It  is  ver}?-  slightly  soluble  in  Avater,  but  readily  soluble 
in  alcohol  and  ether,  and  in  oils.  It  burns  A\dth  a bright  flame  and  much 
smoke,  and  Aidien  put  into  oxygen  furnishes  sufficient  Ampor  to  form  a 
detonating  mixture.  Passed  through  a red-hot  tube,  it  is  resolved  into 
carbon  and  carburetted  hydrogen  gas.  Placed  in  the  sunshine  in  chlo- 
rine, heat  is  evolved,  hydrochloric  acid  formed,  and  a solid  and  liquid  are 
produced,  AAdiich  appear  to  be  compounds  of  chlorine,  carbon,  and  hydro- 
gen, Iodine  does  not  act  upon  it,  but  dissolves  in  it  in  small  quantity, 
forming  a crimson  solution.  Potassium  exerts  no  action  upon  it  at  a 
temperature  of  186°.  Neither  alkalis  nor  their  carbonates  act  upon  it. 
Nitric  acid  occasions  in  it  little  other  change  than  the  formation  of  a 
minute  portion  of  hydrocyanic  acid.  Sulphuric  acid  added  to  it  over 
mercury,  exerted  a moderate  action;  no  heat  Avas  evolved,  no  blackening 
took  place,  no  sulphurous  acid  Avas  formed,  but  the  acid  became  of  a 
light-yellow  color,  and  a portion  of  a clear  colorless  fluid  floated,  Avhich  ! 
ajjpeared  to  be  a product  of  the  action,  and  Avhich  AA^as  not  altered  by  i 
Avater,  and  solidified  at  34°,  being  then  AAdilte  and  crystallized. 

Faraday’s  attention  Avas  next  directed  to  the  composition  of  this 
substance  : he  decomposed  it  by  passing  its  vapor  over  heated  oxide  of 
copper,  by  Avhich  it  Avas  resolved  into  carbonic  acid  and  Avater ; and  a 
careful  determination  of  their  Avelghts  gave  (as  the  mean  of  several  ex- 
periments) 1 hydrogen  and  11*576  carbon,  as  its  components.  Other 


* The  boiling-points  of  the  hydrocarbons 
vary  from  to  415°,  a^ld  depend  upon 
their  composition  : of  two  hydrocarbons 
containing  the  same  number  of  atoms  of 
carbon,  that  containing  most  hydrogen 
will  have  the  lowest  boiling-point ; and 


where  the  atoms  of  hydrogen  are  the  same, 
but  those  of  carbon  var}^,  the  boiling-point 
will  be  the  highest  where  there  is  most  I 
carbon.  (Gerhardt.  Ann.  Ch.  et  Ph.,  | 
Mai,  1845.) 
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experiments  led  to  the  conclusion,  that  in  this  substance  the  carbon  and 
the  hydrogen  are  in  the  mutual  ratio  of  12  to  1.  But  on  examining  the 
volume  of  oxygen  recjuisite  for  the  combustion  of  this  substance,  it  was 
found  that  100  volumes  of  its  vapor  recjuired  750  of  oxygen,  and  that  the 
result  was  water,  and  600  volumes  of  carbonic  acid ; so  that  to  form  the 
water  150  volumes  of  oxygen  must  have  combined  with  300  of  hydrogen, 
and  the  remaining  600  volumes  must  have  united  with  tlie  carbon  to 
form  the  600  volumes  of  carbonic  acid.  Hence  we  must  conclude,  that 
although  the  ratio  of  the  carbon  to  the  hydrogen,  in  this  compound,  is  as 
12  to  1,  it,  in  fact,  consists  of 

Atoms. 

Carbon  6 ....  ....  G2‘31 

Hydrogen  3 ....  3 ....  7-69 


Oicarbiiret  of  hydrogen 1 39  lOO’OO 


Or,  it  may  thus  be 
represented  — 


Carbon. 

Carbon. 

c 

ITydrogen. 

G 

Carbon. 

1 

Carbon. 

G 

Hydrogen. 

G 

Vapor  of 
the 

] 

— 

Bicarburet. 

Cai'bon. 

Carbon . 

39 

c 

Hydrogen. 

G 

' 

1 

A compound  described  by  E.  Davy,  under  the  name  of  bicarhiiret  of 
hydrogen^  appears  to  be  isomeric  with  the  above  : he  obtained  it  from  the 
black  carbonaceous  substance  accompanying  the  potassium  procured  by 
intensely  heating  a mixture  of  carbon  and  carbonate  of  potassa : this 
substance  appears  to  be  a compound  of  potassium  and  carbon,  and  when 
acted  upon  by  water,  evolves  a gas  which  burns  with  a brighter  flame 
than  olefiant  gas,  and  explodes  on  mixture  with  chlorine  : it  is  said  to 
require  2’5  volumes  of  oxygen  for  its  entire  combustion,  and  to  consist  of 
92  23  carbon  and  7‘67  hydrogen. 

Sesquiiiydrocarburut.  In  examining  the  liquid  remaining  after 
the  separation  at  0°  of  the  preceding  bicarburet,  it  was  found  to  exhibit 
peculiarities  which  seem  to  identify  it  as  a 23eculiar  and  definite  com- 
pound; and  from  such  experiments  as  were  made  upon  it,  it  is  probable 
that  it  contains  carbon  and  hydrogen  in  the  ratio  of  3 to  2. 

Quadriiiydrocarburet.  Etiirrixe.  C4II-I.  It  has  already  been 
stated,  that  a portion  of  the  original  oil-gas  liquor  is  volatile  at  common 
temperatures ; at  the  heat  of  the  hand  it  passes  off  in  vapor,  and  may  be 
collected  as  a gas  over  mercury.  It  burns  with  a brilliant  flame:  its 
specific  gravity  to  that  of  hydrogen  is  as  28  to  I;  to  that  of  common  air 
as  1 ’963  to  1;  and  100  cubic  inches  weigh  59’3  grains.  It  condenses 
into  a liquid  when  cooled  to  0°,  and  enclosed  in  this  state  in  a tube  of 
known  capacity,  and  hermetically  scaled,  the  bulk  of  a given  weight  of  it 
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Carbon. 


at  common  temperatures  was  ascertained ; this,  compared  with  water, 
gave  its  specific  gravity  as  0’627  at  54°;  so  that  among  solids  or  liquids 
it  is  the  lightest  body  known.  It  scarcely  dissolves  in  water,  but  readily 
in  alcohol,  and  the  solution  effervesces  from  the  escape  of  vapor  when 
water  is  added.  It  is  abundantly  condensed  by  sulphuric  acid.  One 
volume  of  the  acid  condenses  above  100  volumes  of  the  vapor,  producing 
great  heat,  hut  no  sulphurous  acid.  The  solution  is  dark-colored,  has  a 
peculiar  odor,  and  evolves  no  gas  upon  dilution.  By  detonation  with 

oxygen,  it  was  found  that  1 volume 
of  the  vapor  required  6 volumes  of 
oxygen  for  perfect  combustion,  giving 
rise  to  4 volumes  of  carbonic  acid. 
The  remaining  2 volumes  of  oxygen 
must  have  combined  with  4 of  hy- 
drogen to  form  water.  Upon  which 
view,  4 volumes  or  equivalents  of 
hydrogen  =4,  are  combined  with  4 
equivalents  of  carbon  (6  X 4)  =24,  to 
form  1 volume  of  the  vapor,  the  spe- 
cific gravity  of  which,  compared  with 
hydrogen,  would  be  28,  which  is  also 
its  equivalent  or  atomic  weight;  so 
that  the  volume  of  etherine  and  its 
components  may  be  represented  as  in 
the  margin, 


Hydrogen. 

G 

1 

Carbon . 

Hydrogen. 

6 

1 

Carbon. 

Hydrogen. 

G 

1 

Carbon. 

Hydrogen. 

G 
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and  it  consists  of 


Carbon  ... 
Hydrogen 


Etherine  . 


Atoms. 

. 4 . 

. 4 . 

1 


24 

4 

28 


85-71 

14-29 

10000 


Chloride  of  Etherine.  As  the  relative  proportions  of  the  elements 
in  this  compound  are  the  same  as  in  olefiant  gas,  it  became  interesting  to 
ascertain  whether  chlorine  had  the  same  action  upon  it.  Chlorine  and 
the  vapor  were  therefore  mixed  in  an  exhausted  retort,  heat  Avas  evolved, 
and  a liquid  resembling  chloride  of  olefiant  gas  formed;  but  it  could  not 
be  identified  Avith  it,  inasmuch  as  it  consisted  of  nearly  equal  volumes 
of  the  vapor  and  of  chlorine;  and,  therefore,  contained  twice  as  much 
carbon  and  hydrogen.  AVhen  treated  Avith  excess  of  chlorine  in  sun- 
light, hydrochloric  acid  Avas  formed,  and  chlorine  absorbed;  a peculiar 
fluid  Avas  also  produced,  consisting  of  hydrogen,  chlorine,  and  carbon,  but 
no  chloride  of  carbon.  It  seems  not  improbable  that  a compound  of  ethe- 
rine and  chlorine  corresponding  with  that  of  olefiant  gas  and  chlorine 
may  exist,  and  this  avouIcI  agree  Avith  Hegnault’s  formula,  C4H4,Cl2. 
The  elements  of  this  chloride  of  etherine  Avould  be  perfectly  consistent 
Avitli  those  of  a combination  of  hydrochloric  acid  Avith  chloride  of  acetyl- 
in  Avhich  case  etherine  might  be  represented  as  a hydruret  of  acetyl,  or  as 
C4ll3,H,  Avhich,  AAdien  exposed  to  chlorine,  absorbs  2 volumes  or  equiva- 
lents; so  that  a chloride  of  acetyl  and  hydrochloric  acid  are  formed, 
giving  rise  to  C4H3C1,  -f  HCl.  In  other  Avords,  etherine,  losing  an  atom 
of  hydrogen,  becomes  acetyl,  and  if  that  atom  of  hydrogen  be  replaced  by 
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an  atom  of  clilorine,  cliloride  of  acetyl  is  formed;  if  tlie  displaced  atom  of 
hydrogen  also  combine  'with  an  atom  of  chlorine,  it  produces  an  atom  of 
hydrochloric  acid,  'which,  combined  with  the  chloride  of  acetyl,  produces 
the  hydrochlorate  of  chloride  of  acetyl,  the  elements  of  which  are  those 
of  a bichloride  of  etherine.  Regnault  further  finds,  that  Avhen  the  hydro- 
chlorate of  chloride  of  acetyl  is  subjected  to  the  further  action  of  a stream 
of  chlorine,  another  atom  of  hydrogen  is  carried  off  as  hydrochloric  acid, 
and  an  atom  of  chlorine  left  in  its  place;  thus  C4H3C1-1- HCl,  becomes 
C4H2CI2-I- IICI,  and  by  the  continuous  action  of  chlorine  the  whole  of 
the  hydrogen  is  ultimately  carried  off  as  hydrochloric  acid,  and  sesc[ui- 
perchloride  of  carbon  = C4Ci6,  or  2 [C2CI3]  remains. 

Faraday’s  researches,  in  reference  to  these  forms  of  hydrocarbon,  esta- 
blished the  important  fact  that  substances  may  exactly  resemble  each  other 
in  the  relative  proportions  of  their  constituents,  and  yet,  in  consequence 
of  peculiarities  in  their  atomic  arrangement,  exhibit  distinct  physical  and 
chemical  properties,  presenting,  as  already  remarked,  instances  of  iso- 
merism. Thus,  in  etherine  and  in  olefiant  gas,  the  carbon  and  hydrogen 
are  in  the  ratio  of  6 to  1 ; but,  in  the  former,  the  elements  are  united  in  the 
proportion  of  24  to  4,  and  in  the  latter  of  12  to  2.  It  has  been  observed 
by  Dr.  Turner,  that  this  peculiarity  is  explicable  on  the  supposition  that 
the  ultimate  elements  of  such  compounds  are  differently  disposed.  “ It 
is  to  be  presumed  that  the  smallest  possible  particle  of  olefiant  gas  con- 
tains 2 atoms  of  carbon,  and  2 of  hydrogen;  and  that,  in  like  manner,  an 
integrant  particle  of  etherine  contains  4 atoms  of  each  element.  Neither 
of  these  substances  could,  I conceive,  be  formed  by  the  direct  union  of  a 
single  atom  of  carbon  and  a single  atom  of  hydrogen.  If  a combination 
of  the  kind  were  to  occur,  a new  compound,  different  from  any  known  at 
present,  would  be  the  result.” 

In  respect  to  the  nomenclature  applicable  in  these  cases,  there  is  obvi- 
ously much  difficulty.  The  compound  of  2 atoms  of  carbon  and  2 of 
hydrogen  might  be  called  hihydrocarhon ; the  designation  olefiant  gas  is 
still  generally  retained,  but  the  term  Elayle^  having  the  same  meaning, 
and  being  shorter,  is  perhaps  preferable,  especially  as  it  is  applicable  to 
the  compound  considered  as  a radical.  For  the  compound  of  4 atoms 
and  4,  the  term  qiiadrocarhuretied  hydrogen  has  been  proposed,  but  that 
would  rather  imply  it  to  consist  of  4 atoms  of  carbon  and  I of  hydrogen, 
than  of  4 and  4;  the  term  quadrihydrocarbon  or  quadrihydrocarhuret^ 
has,  therefore,  been  substituted;  but  perhaps  etherine  is  less  olqectionable, 
implying  its  hypothetical  relation  to  ether. 

Teuiiydrocarbon.  Superolefiaxt  Gas.  C3ll3.  It  seems  probable 
that  a hydrocarbon,  the  vapor  of  which  contains  in  I volume  3 atoms  of 
hydrogen  and  3 of  carbon,  is  occasionally  produced  during  the  destructive 
distillation  of  oil;  and  Henry  {Phil.  Trans..,  1821,  p.  156)  adverts  to 
such  a compound,  discovered  in  oil-gas  by  Dalton.  Thomson  describes 
it  under  the  name  of  tritocarhohydrogen  ; but  till  some  definite  mode  of 
obtaining  it  has  been  pointed  out,  and  its  properties  experimentally  ascer- 
tained, its  distinct  existence  must  remain  doubtful. 

Naphtha.  CgHo.  The  products  usually  designated  by  the  term 
Naphtha  are  mixtures  of  various  hydrocarbons,  some  of  which  may  be 
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separately  obtained  by  carefully  graduated  ebullition.  The  term  naphtha 
might  be  limited  to  a liquid  hydrocarbou,  yielding  a vapor  of  the  density 
of  2’8,  and  containing  carbon  and  hydrogen  in  the  atomic  relation  of  6 to 
5.  Sucli  a hydrocarbon  is  both  a natural  anal  artificial  product.  Natural 
naphtha  is  obtained  in  considerable  quantity  at  Baku,  near  iJerhent,  on 
the  north-west  shore  of  the  Caspian  Sea.  The  soil  is  a clayey  marl,  and 
so  impregnated  with  naphtha,  that,  when  turned  up  to  the  depth  of  a 
few  inches,  it  will  inflame  on  the  application  of  a lighted  candle;  in  this 
soil  pits  are  sunk,  in  which  the  naphtha  collects  in  considerable  quan- 
tities. The  purest  European  naphtha  comes  from  Monte  Ciaro,  near 
Piacenza,  in  Italy : this  hill  consists  of  horizontal  beds  of  argillite,  in 
which  pits  are  sunk  till  the  water  comes  in,  upon  the  surface  of  which 
the  naphtha  oozes  and  collects,  and  is  occasionally  skimmed  off.  An 
inferior  kind  is  produced  at  Monte  Festino,  near  Modena.  A similar 
liquid  may  be  obtained  by  the  distillation  of  petroleum.,  or  mineral  tar,  a 
substance  which  will  be  described  among  Bitumens. 

Coal-oil,  or  coal-naphtha,  is  a product  somewhat  resembling  the  for- 
mer; it  is  one  of  the  results  of  the  destructive  distillation  of  pit-coal,  some 
of  the  varieties  of  Avhich  yield  it  in  large  quantities;  it  is  extremely  Amla- 
tile,  and  therefore  generally  passes  on  with  the  gas  to  the  remoter  parts 
of  the  condensing-apparatus,  and  often  collects  in  the  gas-meters  and 
gasometer-tanks,  and  even  in  the  first  branches  of  the  mains,  from  the 
syphons  of  which  it  is  sometimes  drawn  off.  When  purified  by  distilla- 
tion it  is  a colorless  limpid  liquid. 

The  properties  of  naphtha  differ  according  to  the  sources  whence  it  is 
obtained,  but  when  carefully  rectified  at  a given  temperature,  and  purified 
by  distillation  with  water,  it  appears  to  possess  the  same  leading  charac- 
ters and  composition:  indeed,  it  is  probable  that  natural  and  artificial 
naphtha  are  of  one  origin,  the  former  being  deiived  from  volcanic,  the 
latter  from  ordinary  distillation.  The  specific  gravity,  however,  of  the 
purest  Persian  and  Italian  naphtha  is  said  to  vary  from  ‘750  to  *700, 
wdiile  that  of  coal  naphtha  rises  to  ‘820,  or  higher.  The  odor  of  the 
former  is  bituminous,  but  not  disagreeable;  that  of  the  latter,  penetrating 
and  unpleasant.  It  does  not  congeal  at  0^.  Upon  the  approximation  of 
a flaming  body,  naphtha  takes  fire  and  burns  with  a voluminous,  and 
very  sooty,  and  difficultly-extinguishable  flame.  It  communicates  odor  to, 
but  is  not  soluble  in,  water;  it  dissolves  in  absolute  alcohol,  and  in  ether, 
petroleum,  and  oils.  AVhen  pure,  it  is  not  acted  on  by  potassium  or 
sodium,  and  is,  therefore,  used  to  preserve  those  metals  from  oxidation. 
The  boiling-point  of  naphtha  varies.  Dr.  Thomson  states  tlie  boiling- 
point  of  Persian  naphtha  to  be  320°  to  352°;  Dumas  places  it  at  about  i 
305°.  The  density  of  its  vapor  is  about  2‘8.  It  dissolves  the  greater 
number  of  the  essential  oils,  and  the  resins,  and  a little  phosphorus  and 
sulphur,  and  corrodes  cork;  it  is  remarkable  for  its  property  of  dissolving 
caoutchouc,  which  first  swells  up,  and  then  gradually  gelatinizes,  when 
digested  in  it  with  the  aid  of  a gentle  heat;  in  tliis  pulpy  state  it  is  used 
to  render  various  articles  of  clothing  water-proof;  the  goods  are  stretched 
out,  ajid  varnished  over  with  it,  and  then  their  varnished  sides  are  applied 
to  each  other,  and  made  to  adhere  by  powerful  pressure,  so  as  to  form  a 
compound  fabric  or  texture:  the  manufacture  is  completed,  and  the  sol- 
vent driven  off,  by  exposure  to  a moderate  heat.  This  important  and 
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■well-known  application  of  tlie  solution  of  caoiitclioiic  in  naplitlia,  or  coal- 
oil,  Avas  first  suggested  by  Mr.  Macintosh,  of  GlasgOAV.  Among  other 
sources  of  naphtha,  or  at  least  of  a liquid  hydrocarbon  closely  resembling 
it  in  all  its  leading  properties,  Ave  may  enumerate  caoutchouc  itself,  Avhicli 
yields  it  by  destructive  distillation.  (Sec  Caoutchouc.)  The  ultimate 
composition  of  naphtha  has  been  variously  stated,  probably  from  the  ditii- 
ciilty  of  obtaining  it  in  one  definite  state,  but  all  analysts  agree  in  repre- 
senting it  as  a true  hydrocarbon.  According  to  Dumas,  a definite  com- 
pound, having  all  the  characteristic  properties  of  naphtha,  is  obtained  by 
depriving  spirit  of  turpentine  of  its  oxygen,  by  the  action  of  potassium, 
and  then  subjecting  it  to  careful  distillation.  (Ann.  Ch.  et  Ph.^  l.  238.) 
When  the  A^apor  of  these  hydrocarbons  has  the  density  of  2*87,  1 
volume  of  it  may  be  regarded  as  containing  6 atoms  of  carbon,  and  5 
atoms  or  volumes  of  hydrogen. 

Hence  naphtha,  or  a hydrocarbon  so  constituted,  Avould  consist  of 


Atoms. 


Carbon  

Hydrogen. 


Or,  by  volume. 


0 ....  36 

5 ....  5 

....  87-80 

....  1220 

1 41 

100-00 

Carbon, 

Carbon . 

6 

Hydrogen. 

6 

1 

Hydrogen. 

Carbon. 

1 

Carbon . 

6 

y 

Hydrogen. 

6 

Naphtha 

AApor. 

1 

41 

Hydrogen. 

Carbon. 

1 

Carbon. 

6 

Hydrogen. 

6 

1 

Naphtualix.  Cio,!!!.  This  name  Avas  first  given  by  Dr.  Kidd 
(Phil.  Trans..,  1821,  p.  209,)  to  a concrete  crystalline  substance  found 
among  the  products  of  the  coal-gas  manufacture;  it  may  be  obtained  by 
subjecting  coal-tar  to  distillation;  it  passes  OA^er  after  the  naphtha  or  coal- 
oil:  Avhen  any  of  the  varieties  of  the  tar  are  so  distilled  that  their  Ampor 
may  be  exposed  to  a high  temperature,  more  or  less  naphthalin  is  formed. 
I first  pointed  it  out  as  a binary  compound  of  carbon  and  hydrogen,  in 
1819.  (Quar.  Journ..,  viii.  287-)  It  was  aftei’Avards  examined  by  Cham- 
berlain. (Ann.  of  Philos..^  xix.)  It  is  generall}^  first  obtained  in  translu- 
cent flakes  of  a red  or  brown  color.  By  slow  sublimation  Avith  a portion 
of  poAvdered  charcoal,  it  may  be  obtained  colorless,  and  nearly  inodorous; 


490 


NAPHTHALIN, 


but  when  heated,  it  exhales  a peculiar  faint  odor,  which  has  been  compared 
to  that  of  the  flower  of  the  narcissus.  Its  taste  is  slightly  aromatic;  its 
specific  gravity  is  about  1*05;  it  is  unctuous  to  the  touch,  and  slowly  eva- 
porates at  common  temperatures.  It  fuses  at  about  176°?  and  crystallizes 
as  it  cools;  at  about  420°  it  boils  and  distils  over,  with  little  change:  but 
is  also  carried  over  in  vapor  when  distilled  with  water.  When  inflamed, 
it  throws  off  a singularly  large  quantity  of  black  smoke,  which  diffuses 
itself  in  light  films  of  carbon  through  the  air.  It  is  insoluble  in  cold, 
and  very  slightly  soluble  in  boiling  water;  alcohol,  ether,  the  oils,  and 
naphtha,  dissolve  it  abundantly,  and  from  its  hot  alcoholic  solution  it  is 
deposited  in  iridescent  crystals.  The  alkalis  have  no  action  on  naph- 
thalin:  when  long  boiled  in  nitric  acid,  it  is  slowly  altered,  and  a part  of 
the  acid  decomposed:  hot  hydrochloric  acid  dissolves  it  very  sparingly; 
acetic  and  oxalic  acids  more  copiously:  sulphuric  acid  dissolves  and  com- 
bines with  it. 

The  proportions  of  carbon  and  hydrogen  which  constitute  naphthalin 
were  first  determined  by  Faraday,  and  his  results  subsequently  confirmed 
by  Liebig,  Wohler,  and  Laurent.  The  specific  gravity  of  its  vapor  is  4'49, 
or  compared  with  hydrogen,  as  64  to  1,  so  that  100  cubic  inches  should 
weigh  135  grains.  Its  components  are 


Carbon 

Hydrogen.... 

Atoms. 

10  

4 

..  60  

4 

93-75 

6-25 

Napthalin,... 

1 

64 

100-00 

Carbon. 

Carbon . 

6 

Hydrogen. 

6 

Carbon. 

1 

Carbon. 

6 

Hydrogen. 

6 

Carbon. 

1 

Carbon. 

N aplithalin 
Vapor. 

6 

Hydrogen. 

6 

64 

Carbon. 

1 

Carbon. 

6 

Hydrogen. 

6 

Cai’bon. 

1 

Carbon. 

6 

6 

Naphthalin  and  Chlorine.  The  mutual  action  of  chlorine  and  naph- 
thalin has  been  examined  by  Laurent.  Ck.  et  Ph.^  Lii.  275.)  When 

naphthalin  is  subjected  to  the  action  of  chlorine  it  fuses  and  forms  two 
chlorides.  The  protochloride  — CioHtCI,  is  an  oily  liquid ; the  bichloride 
=zCl0H4Cl2,  is  a crystalline  solid;  it  may  be  purified  by  boiling  ether, 
which  deposits  it  on  cooling  in  transparent  rhomboids.  It  fuses  at  320°, 
and  in  close  vessels  boils  and  is  decomposed;  but  when  carefully  heated 
in  a current  of  air,  it  may  be  volatilized  without  decomposition. 

The  liquid  chloride^  obtained  by  the  evaporation  of  its  ethereal  solu- 
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tion,  is  yellow;  insoluble  in,  and  heavier  than  water:  it  is  soluble  in 
alcohol  and  ether,  and  may  be  distilled  without  decomposition. 

In  describing  these  compounds,  naphthalin  is  conveniently  represented 
as  = C20II8,  and  by  the  successive  substitution  of  chlorine  for  hydrogen 
in  such  a compound,  a great  variety  of  products  are  obtained,  which 
Laurent  has  named  and  examined:  the  details  of  these  elaborate  researches 
scarcely  admit  of  intelligible,  and  much  less  of  useful,  abridgement,  but 
they  are  curious  as  illustrations  of  the  doctrine  of  types  and  substitutions, 
and  of  nomenclatural  ingenuity:  a condensed  account  of  them  is  given  by 
Dr.  Gregory  (^Outlines  of  ChemisLvij)^  to  which,  and  to  the  original  essays 
of  Laurent  and  Dumas,  I must  refer  the  reader.  So  also  in  reference  to 
the  parallel  compounds  of  naphthalin  and  bromine, 

Naphthalin  and  Nitric  Acid.  The  action  of  nitric  acid  on  naph- 
thalin has  also  been  studied  by  Laurent.  (^Ann.  Ch.  et  Ph.^  Lix.  38L) 
It  gives  rise  to  a series  of  compounds,  in  which  N04  is  substituted  for 
hydrogen,  and  of  which  an  abridged  account  Avill  also  be  found  in  Gre- 
gory’s Ouilines. 

Naphthalin  and  Sulphuric  Acid.  Sulphonapiithalin.  Sulpho- 
naphthalic  Acid.  C20II8  -f  2 SO3.  The  action  of  sulphuric  acid  on 
naphthalin  was  first  investigated  by  Faraday.  {Phil.  Trans. ^ 1826.) 
Naphthalin  was  fused  with  half  its  weight  of  sulphuric  acid,  which,  on 
cooling,  formed  a red  crystalline  compound,  soluble  in  water;  carbonate 
of  baryta  was  added  to  its  solution,  by  which  sulphate  and  sulphonaph- 
thalate  of  baryta  were  formed;  the  former  insoluble,  but  the  latter  soluble; 
its  solution  was  filtered  off,  and  sulphuric  acid  added  to  it  sufidcient  to 
precipitate  the  baryta.  An  aqueous  solution  of  sulphonaphthalic  acid 
was  thus  obtained,  of  a bitter  acid  taste,  and  powerfully  reddening  litmus: 
concentrated  by  evaporation  it  became  brown,  thick,  and,  ultimately, 
solid  and  very  deliquescent.  By  renewed  heat  it  melted  and  charred, 
but  did  not  flame,  and  ultimately  gave  sulphuric  and  sulphurous  acid 
vapors,  and  left  charcoal.  Another  portion  of  the  acid  was  evaporated 
under  an  exhausted  receiver,  including  a vessel  of  sulphuric  acid.  In 
some  hours  it  became  a white  soft  solid,  apparently  dry,  and  after  a longer- 
period  was  hard  and  brittle.  In  this  state  it  was  deliquescent  in  the  air, 
but  might  be  preserved  unaltered  in  a close  vessel.  Its  taste  was  bitter, 
acid,  and  metallic:  when  heated  to  212°  it  melted,  and  crystallized  and 
solidified  as  it  cooled:  more  highly  heated,  water  passed  off,  and  it  assumed 
a red  tint;  further  heated,  it  became  brown  and  black,  and  naphthalin, 
sulphurous  acid,  and  charcoal  were  evolved.  This  acid  dissolves  in 
water,  alcohol,  and  oils.  Its  aqueous  solution  forms  neutral  salts  with 
bases,  all  of  wdiich  are  soluble  in  water,  most  of  them  in  alcohol,  and  all 
combustible,  leaving  sulphates  or  sulphurets,  according  to  circumstances. 

To  determine  the  composition  of  this  acid,  its  neutral  salt  with  baryta 
was  chiefly  experimented  upon:  and  the  following  appeared  to  be  its 
elements: 

Baryta 1 ....  77  ....  27 ‘0 

Sulphuric  acid 2 ....  80  ....  28*1 

Carbon 20  ....  120  ....  42-1 

Hydrogen  8 8 ....  2-8 


Sulphonaphthalate  of  baryta  ....  1 
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100-0 
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So  that  the  composition  of  sulplionaplithalic  acid  would  be 

Carbon 20  ....  120  ....  O/’O 

Hydrogen  8 ....  8 ....  3"  8 

Sul])lini'ic  acid 2 ....  80  ....  38'4 

Sulplionaplithalic  acid 1 208  lOO'O 

Of  the  two  proportionals,  therefore,  of  sulphuric  acid,  one  is,  as  it 
were,  saturated  bj  the  hydrocarbon,  for  it  only  combines  with  77  of  baryta, 
Avhich  is  the  equivalent  of  one  atom  of  that  base.  This  property  of 
hydrocarbon,  indicating  its  capability  of  uniting  to  an  acid,  saturating  it, 
and  performing,  as  it  were,  the  part  of  a base,  has  been  more  extensively 
incjuired  into  and  illustrated  by  ITennell;  his  experiments  relate  chiefly 
to  certain  combinations  concerned  and  developed  in  the  formation  of 
cther^  under  which  article  the  details  will  be  given. 

Faraday’s  sulplionaplithalic  acid  has  been  subsequently  represented  as 
containing  the  liyposulphuric  instead  of  sulphuric  acid,  and  as  represented 
therefore  liy  C20ll8S2O5,nO.  It  is  stated  that  when  his  acid  is  saturated 
by  carbonate  of  lead,  an  insoluble  sulphate  is  formed,  together  with  two 
soluble  salts,  one  of  which  is  soluble  in  alcohol,  and  is  C20H8S2O5,PbO, 
and  the  other  insoluble  in  alcohol  = CllH4S205,Pb0 : it  is  further 
assumed  that  a third  acid  accompanies  these. 

Anhydrous  sulphuric  acid^  passed  in  vapor  over  fused  naphthalin, 
forms  a red  liquid,  hydr'osulphoglulinic  acid,  which,  when  pure  and  dry,  is 
a hard  glassy  mass;  and  if  there  be  excess  of  naphthalin,  two  neutral 
bodies  are  at  the  same  time  formed,  sulphonaphthaline,  which  is  a crystal- 
line fusible  solid,  and  sulphonaphlhaUde,  a crystalline  powder  not  fusible 
at  21 2A 

Paranapiitiialin.  Under  this  term  Dumas  and  Laurent  {Ann. 
Ch.  et  Ph.  L.  187)  have  described  a hydrocarbon  closely  resembling 
naphthalin  in  all  its  essential  properties,  but  yielding  a vapor  having  the 
density  of  6*78.  Paranapiitiialin  is  less  volatile  than  naphthalin,  and, 
therefore,  when  coal-tar  is  distilled,  it  is  among  the  latter  of  its  products. 
According  to  lleicheiibacli  (Poggend.  Ann.,  xxviii.  484),  paranaphtha- 
liii  is  a mixture  of  naphthalin  and  another  definite  hjArocarbon,  which 
he  terms  paraffine,  and  Avill  be  described  amongst  organic  products.  The 
term  anthracene  has  subsequently  been  applied  to  paranapiitiialin,  and  it 
has  been  represented  as  C30lll2. 

Among  the  last  portions  of  the  distillation  of  coal-tar,  a yellow  crys- 
talline solid  is  found,  fusing  at  455°,  and  insoluble  in  most  liquids;  it  has 
been  termed  chrysene,  and  its  formula  is  said  to  be  Cl2ll4:  it  is  accom- 
panied by  a more  fusilile  substance,  pyrene  — 015113. 

When  bituminous  shale  is  distilled,  it  yields  scATral  oily  products, 
among  Avhich  one  has  been  called  ampeUne:  it  dissolves  in  alcohol,  but  a 
few  drops  of  water  cause  it  to  separate. 

Idrialin.  This  term  is  applied  by  Damns  to  a native  hydrocarbon, 
found  in  the  mercury-mine  of  Idria,  in  Cariiiola,  and  Avhich  a})pears  to  be 
very  analogous  to  naphthalin:  it  is  said  to  consist  of  3 atoms  of  carbon 
and  1 of  hydrogen.  {Ann,  Ch.  ct  Ph.,  l.  193.) 


COAL-CiAS. 


403 


Gas  Illu.minatiox  : Coal-Gas.  l\fixtures  of  some  of  the  hydrocar- 
hoiis  now  describerl,  and  otlier  gaseous  compounds,  are  ahuiidaiitly 
produced  during  the  destructive  distillation  of  coal;  and  the  gases  thus 
ol)tained  are  employed  for  the  purposes  of  illumination,  as  economical 
substitutes  for  oil,  tallow,  &c.  This  distillation  of  pit-coal  is  a process 
carried  on  upon  a very  extensive  scale.  The  coal  is  placed  in  oblong 
cast-iron  cylinders,  or  retorts^  which  are  ranged  in  furnaces,  to  keep  them 
at  a bright-red  lieat,  and  the  volatile  products  are  conveyed  by  a common 
tube,  usually  termed  the  hydraulic  rnain^  into  a condensing  vessel^  kept 
cold  l)y  immersion  in  water;  and  in  which  the  water,  tar,  ammoniacal 
liquor,  and  other  condensible  vapors,  are  retained:  the  gaseous  products 
consist  principally  of  varieties  of  carburetted  hydrogen,  with  more  or 
less  sulphuretted  hydrogen,  and  carbonic  oxide,  carbonic  acid,  hydrogen, 
nitrogen,  and  cyanogen:  these  are  passed  through  or  over  hydrate  of  lime, 
or  through  a mixture  of  quicklime  and  water*,  in  vessels  called 
by  which  the  sulphuretted  hydrogen  and  carbonic  acid  gases  are  absorbed, 
and  the  carburetted  hydrogen  gases  transmitted  sufficiently  pure  for  use 
into  gasometers^  whence  the  pipes  issue  for  the  supply  of  streets,  liouses, 
Szc.  The  coke  remaining  in  the  retorts  is  a valuable  fuel  f. 

It  would  be  out  of  place  here  to  describe  in  detail  the  plant  or 
arrangements  of  an  extensive  gas  manufactory,  and  indeed  some  of  the 
larger  establishments  in  and  about  London  should  be  visited,  in  order  to 
acquire  a just  notion  of  the  machinery  and  its  management:  much  useful 
information  upon  this  subject  will  he  found  in  Dr.  Ure’s  Dictionary  and 
its  Supplement ; and  in  Dumas’  Chimie  applique  aux  Arts. 


* Mr.  Parker,  of  Liverpool  {Phil.  Mag.  \ 
vol.  iii.  p.  292,)  proposed  to  pass  the  gas, 
as  it  comes  from  the  coal  retorts,  through 
red-hot  iron  tubes,  by  which  the  contami- 
nating gases  and  vapors  are  further  decom- 
posed, and  the  quantity  of  useful  gas  in-  ; 
creased.  This  suggestion,  if  it  succeeded, 
would  greatly  diminish  the  quantity  of  tar  ; j 
but  as  carburetted  hydrogen  is  decomposed  j 
at  a red  heat,  it  would,  prol^ably,  tend  to 
diminish  the  illuminating  power  of  the  gas. 
Tlie  purification  of  coal-gas  is  a subject 
of  the  utmost  importance,  especially  as 
relates  to  perfectly  freeing  it  from  sul- 
phuretted hydrogen,  which  if  present  pro- 
duces sulphurous  acid  during  combustion, 
and  is,  therefore,  highly  noxious;  in  the 
case  of  the  escape  of  unburnt  gas,  sul- 
])huretted  liydrogen  is  an  equal  evil  ; it  is 
Ibtid  and  unwholesome,  and  it  causes  the 
immediate  tarnishing  of  silver  and  other 
metals  : its  presence  is  fortunately  easily 
detected  by  a })iece  of  paper  moistened  with 
a solution  of  sugar  of  lead,  and  no  gas 
should  be  allowed  to  be  burned,  which 
blackens  that  test.  Coal-gas,  however, 
though  free  from  su]})huretted  hydrogen, 
occasionally  produces  a little  sulphurous 
acid  when  burned,  and  in  such  cases  I sus- 
jiect  the  presence  of  the  vapor  of  sulphuret 
of  carbon.  Ammonia  or  some  ammoniacal 
compound  is  also  often  found  in  coal-gas 


even  after  it  has  been  deprived  of  all  sul- 
phur ; its  presence  is  very  injurious  to 
copper  tubes  and  brass  stop-cocks.  It  has 
been  proposed  to  free  the  gas  from  this 
contamination  by  passing  it  through  dilute 
sulphuric  acid,  or  through  a solution  of 
alum,  and  lately  this  plan  has  been  exten- 
sively adopted,  and  the  resulting  sulphate 
of  ammonia  has  been  used  as  a source  of 
sal  ammoniac  and  other  products,  and  has 
been  extensively  employed  as  a manure. 

f On  the  1st  January,  1837,  there  were 
in  London  and  the  suburbs  30  gas-works 
employing  a ca})ital  of  2,800,0()0L,  and 
deriving  a yearly  rental  of  about  4.70,000/., 
using  annually  about  180,000  tons  of  coal, 
and  producing  about  1460  million  cubic 
feet  of  gas.  There  were  in  these  works 
about  176  gas-holders,  the  united  contents 
of  which  exceeded  5,500,000  cubic  feet; 
they  supplied  about  165,000  lamps.  Ac- 
cording to  Ure  {Dictumary)  the  consump- 
tion of  gas  neaidy  doubled  itself  between 
1822  and  1827,  and  again  between  1827 
and  1837.  lie  further  states  that  in  London 
800  tons  of  coal  are  used  in  the  retorts  on 
the  shortest  day  in  24  hours,  and  that 
7,120,000  cubic  feet  of  gas  are  consumed 
in  the  longest  night,  say  the  24th  of  De- 
cember. About  2500  persons  are  employed 
in  the  metropolis  alone  in  this  branch  of 
manufacture. 
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Tlie  specific  gravity  of  purified  coal-gas  is  liable  to  mucli  variation: 
sometimes  it  falls  below  0'450,  and  at  others  exceeds  0‘650.  These  dif- 
ferences are  partly  referable  to  the  nature  of  the  coal,  but  chiefly  to  the 
manner  in  which  the  process  of  distillation  is  conducted,  as  to  duration, 
and  temperature:  it  has  already  been  remarked,  that  when  the  varieties 
of  hydrocarbon  are  passed  through  highly-heated  tubes,  they  are  more  or 
less  perfectly  decomposed  into  carbon  and  hydrogen;  hence  the  gas  which 
is  obtained  at  a high  temperature,  or  which,  after  its  formation,  has  been 
in  contact  with  red-hot  surfaces,  is  apt  to  be  partly  decomposed;  it  is  thus 
increased  in  bulk,  but  diminished  in  specific  gravity,  and  in  illuminating 
power;  hence,  too,  analysis  detects  in  coal-gas,  more  or  less  uncombined 
hydrogen.  The  best  kind  of  coal  for  distillation  is  that  which  contains 
most  bitumen  and  least  sulphur.  The  chaldron  should  yield  about 
12000  cubical  feet  of  purified  gas,  of  which  each  ArgancVs  burner,  equal 
to  six  wax  candles,  may  be  considered  as  consuming  from  four  to  five 
cubical  feet  per  hour. 

Oil-Gas.  Some  years  ago,  Messrs.  J.  and  P.  Taylor  invented  an 
apparatus  for  the  conversion  of  oil  into  gas.  It  consists  of  a furnace  with 
a contorted  iron  tube  containing  fragments  of  brick  or  coke,  passing 
through  it,  into  which,  when  red-hot,  the  oil  is  suffered  to  drop;  it  is 
decomposed,  and  converted  almost  entirely  into  charcoal,  which  is  de- 
posited in  the  tube,  and  into  a mixture  of  carburetted  hydrogen  gases  and 
vapors,  of  which  from  two  to  three  cubic  feet  may  be  regarded  as  equi- 
valent to  five  or  six  of  coal-gas,  for  the  production  of  light.  {Qiiarterly 
Journal.,  vol.  viii.)  The  commonest  whale-oil,  or  even  pilchard-dregs, 
cjuite  unfit  for  burning  in  the  usual  way,  afford  abundance  of  excellent 
gas,  requiring  no  other  purification  than  passing  through  a refrigerator,  to 
free  it  of  its  more  condensible  vapors.  A gallon  of  whale  oil  affords 
about  90  cubical  feet  of  gas  of  an  average  specific  gravity  of  0*900,  and 
an  Argand  burner,  equal  to  seven  candles,  consumes  a cubical  foot  and  a 
half  per  hour.  If  its  specific  gravity  exceed  0*900,  it  may  be  considered 
as  containing  too  large  a proportion  of  the  heavier  hydrocarbons,  by  which 
the  bulk  of  the  produce  is  much  diminished,  which  are  apt  to  condense 
in  the  pipes  and  gasometer,  and  which  also  occasion  a fuliginous  deposit 
during  the  consumption  of  the  gas  in  ordinary  burners.  Oil  as  well  as 
resin-gas,  frequently  contains  carbonic  acid  to  the  amount  of  8 or  10  per 
cent.,  which  deteriorates  its  illuminating  power. 

Resin-Gas.  In  consequence  of  the  high  and  generally  fluctuating 
price  of  oil,  it  became  an  important  object  to  obtain  a gas,  of  equal  bril- 
liancy and  purity  to  that  wdiich  it  affords,  from  materials  at  once  cheaper 
and  less  liable  to  fluctuations  of  value ; and  with  this  view,  attempts  were 
made  to  decompose  resin,  in  the  apparatus  above  described.  For  this 
purpose  melted  resin  was  substituted  for  the  oil ; but  the  exit-pipes,  by 
which  the  gas  flowed  off,  soon  became  choked  with  a thick  bituminous 
substance,  which  stopped  the  process;  and  the  product  of  gas  w*as  small, 
and  of  inferior  quality.  Mr.  Daniell  overcame  this  difficulty,  by  the 
invention  of  an  apparatus,  for  wdiich  he  obtained  a patent.  The  exit- 
pipe  of  the  oil-gas  apparatus  rose  from  the  upper  part  of  the  retort,  and 
w*as  purposely  carried  to  a considerable  height,  that  the  volatile  oil,  w hich 
w^as  condensed  during  the  process,  might  flow^  back  and  add  to  the  product 
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of  gas  by  its  decomposition.  It  was  tlie  return  of  tlie  volatile  oil  from 
resin,  whicli  clioked  up  tlie  pipes,  when  that  substance  was  employed; 
and  Mr.  Daniell,  observing  this,  led  the  exit-pipe  from  the  under  part  of 
the  retort  into  the  hydraulic  main,  so  that  the  return  of  any  condensed 
vapor  was  rendered  impossible.  II  is  mode  of  treating  the  resin  is  to 
dissolve,  with  the  assistance  of  a gentle  heat,  about  8 lbs.  in  a gallon  of 
the  essential  oil,  which  is  plentifully  formed  during  the  decomposition  of 
oil  for  making  gas,  or  of  resin  itself.  This  solution  is  allowed  to  trickle 
into  the  heated  retort  half-filled  witli  coke.  A small  diaphragm,  just 
behind  the  exit-pipe,  and  filling  half  the  diameter  of  the  retort,  prevents 
any  of  the  liquid  flowing  into  the  hydraulic  main.  When  the  process  is 
properly  conducted,  about  1000  to  1200  cubic  feet  of  gas  are  obtained 
from  the  cwt.  of  resin,  and  rather  more  than  the  original  quantity  of 
volatile  oil  is  condensed,  whicli  is  again  employed  for  the  solution.  It  is 
necessary  to  add  a small  quantity  of  lime  to  the  essential  oil,  to  neutralize 
a Itttle  acetic  acid,  which  is  formed  during  the  process.  The  apparatus 
works  perfectly  free  from  all  obstruction.  The  gas  thus  formed  is  equal 
in  quality  to  oil-gas  of  100  cubic  feet  to  the  gallon.  Its  average  specific 
gravity  is  0*850;  it  requires  no  purification;  and  its  smell  is  rather  resin- 
ous, and  not  nearly  so  offensive  as  that  of  either  oil  or  coal  gas.  Two 
cubic  feet  are  equal  in  illuminating  power  to  above  five  of  the  common 
coal-gas,  and  the  expense  of  the  material  from  which  it  is  made,  is  not 
above  one-third  of  the  expense  of  oil.  The  sources  of  supply  are  as 
inexhaustible,  and  more  generally  distributed,  than  those  of  coal ; and  the 
forests  of  America,  France,  Spain,  and  Italy,  yield  the  turpentine  in 
quantities  only  limited  by  the  demand.  Many  large  towns  in  this 
country,  in  America,  France,  Holland,  and  the  Netherlands,  at  one  time 
adopted  the  use  of  this  gas,  but  the  late  improvements  in  the  production 
of  coal-gas  have  led  to  the  abandonment  both  of  it  and  of  oil-gas.  The 
elegance  and  simplicity,  however,  of  the  manufacture,  and  the  compara- 
tively small  capital  required  for  the  erection  of  the  works,  may,  in  some 
situations,  give  it  a preference. 

Composition  and  Analysis  of  the  Gases  used  for  Illumination. 
Economy  of  Gas  Illumination,  &c.  Dr.  Henry’s  researches  are  the 
most  important  in  reference  to  the  philosophy  of  the  art  of  gas-illumina- 
tion, (Nicholson’s  Journal^  1805;  Phil.  Trans..,  1808  and  1821,  and 

1824, )  and  much  interesting  matter  connected  with  the  subject  will  be 
found  in  an  essay  by  Dr.  Turner  and  Dr.  Christison.  (Edin.  Phil.  Jour.., 

1825. )  The  treatises  of  Accum,  and  of  Peckston,  and  Dr.  Lire’s  Dic- 
iionarij.,  contain  an  account  of  the  apparatus,  with  details  as  to  its 
construction  and  expense,  together  with  mucli  useful  practical  informa- 
tion. (See  also  Dumas,  Chim.  app.  aux  Arts.) 

The  analysis  of  a mixture  of  hydrogen  with  carbonic  oxide,  carbonic 
acid,  and  hydrocarbon,  often  requires  to  be  performed  in  investigations 
relating  to  the  gases  used  for  illumination;  it  may  be  approximately 
effected  as  follows;  A hundred  measures  of  the  gas  are  introduced  into 
a graduated  tube,  and  the  carbonic  acid  absorbed  by  a solution  of  potassa; 
the  remaining  "as  is  then  transferred  to  thrice  its  volume  of  chlorine  of 

O O 

known  purity,  standing  over  water  in  a tube  of  about  half  an  incli 
diameter,  and  excluded  from  the  solar  rays;  after  24  hours  the  hydro- 


49() 


GAS  ILLUMINATION. 


carbons  and  tlie  excess  of  clilorine  'vvill  have  l)een  absorbed,  especial  I}'’ 
after  a little  agitation,  and  the  remaining  gas,  if  it  consist  of  carbonic 
oxide  and  hydrogen  only,  may  be  analyzed  by  detonation  with  oxygen  in 
excess;  the  measure  of  carbonic  acid  formed  being  equal  to  that  of  the 
original  carbonic  oxide.  This  proceeding  depends  upon  the  non-formation 
of  chlorocarbonic  acid  in  a mixture  of  carbonic  oxide  and  chlorine  in  the 
contact  of  water,  and  out  of  the  direct  agency  of  the  solar  rays.  Such 
mixture  may  be  kept  several  days,  occasionally  renewing  the  chlorine  as 
it  becomes  absorbed  by  the  water,  without  any  diminution  in  the  bulk  of 
the  carbonic  oxide.  In  these  cases  it  is  necessary  to  ascertain  the  purity 
of  the  chlorine  hy  its  absorption  ])y  water,  and  to  take  care  that  no 
hydrocarbon  has  escaped  its  action. 

But  in  consequence  of  the  presence  of  other  compounds  of  carbon  and 
hydrogen  in  coal,  and  especially  in  oil  and  resin  gases,  the  accurate 
analysis  of  these  complicated  products  becomes  a problem  of  some 
difiiculty.  Dr.  Henry’s  papers  (in  the  Phil.  Trans. ^ for  the  years  1818, 
1820,  and  1824,  and  in  the  Annals  of  Phil.^  vol.  xv.,)  eontain  details 
upon  the  subject,  which  the  student  should  carefully  consult.  The 
removal  of  the  hydrocarbnretted  vapors  from  these  gases  may,  as  Faraday 
has  shown  {Phil.  Trans..^  1825,  page  461),  be  effected  by  the  agency  of 
sulphuric  acid : this  also  absorbs  olefiant  gas,  but  much  less  rapidly  than 
the  vaporous  compounds ; and  if  the  gas  under  examination  be  diluted 
with  three  or  four  times  its  bulk  of  common  air  or  of  hydrogen,  and  ex- 
cluded from  the  sunshine,  the  absorption  of  olefiant  gas  by  the  acid  will 
be  prevented.  The  hydrocarburetted  vapors  may  also  be  removed  hy  sub- 
jecting the  gas  to  the  action  of  olive-oil  already  saturated  ivith  olefiant  gas. 

As  far  as  concerns  the  comparative  value  of  different  hydrocarburetted 
gases  for  the  purpose  of  illumination,  it  seems  evident,  from  Dr.  Henry’s 
experiments,  that,  whatever  be  their  source  or  composition,  it  may  be  most 
accurately  determined  by  the  quantity  of  oxygen  required  to  saturate 
equal  volumes.  In  other  words,  the  illuminating  poAvers  of  the  different 
gases  Avill  be  proportional  to  the  number  of  volumes  of  carbon  condensed 
into  one  volume  of  the  gas;  and  of  these  the  oxygen  consumed,  and  the 
carbonic  acid  produced,  afford  an  accurate  measure.  (Henry’s  Elements.^ 
1826,  vol.  i.  432.)  If  100  volumes,  for  instance,  of  one  gas,  require  for 
perfect  combustion  100  volumes  of  oxygen,  and  100  volumes  of  another 
gas  take  200  of  oxygen,  the  value  of  the  second  Avill  he  double  that  of 
the  first.  Specific  gravit}",  though  a guide  to  a certain  extent,  is  not  a 
sufficient  one;  for  the  weight  of  a gas  may  be  owing  to  a large  proportion 
of  carbonic  oxide,  which  only  gives  out  a very  small  quantity  of  light. 
Photometrical  experiments  also  appear  to  require  greater  perfection  in 
the  instruments  that  have  been  invented  for  that  purpose,  before  Ave 
can  implicitly  trust  to  results  obtained  by  their  means:  but  there  can  he 
no  fallacy  in  the  combustion  of  these  gases  by  oxygen,  if  conducted  Avitli 
ordinary  care,  and  especially  if  in  each  instance  an  average  be  taken  of 
tAvo  or  three  trials,  Avhich  need  not  occupy  more  than  a feAv  minutes. 
Nor  can  it  admit  of  doubt,  that,  other  circumstances  being  equal,  the 
brilliancy  of  light  evolved  hy  the  combustion  of  gases  Avliich  are  consti- 
tuted of  purely  inflammable  matter,  Avill  bear  a proportion  to  their  densi- 
ties, perhaps  even  a greater  proportion  than  one  strictly  arithmetical  ; 
because,  Avhile,  by  the  combustion  of  denser  gases,  a higher  temperature  is 
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produced,  the  cooling  agencies  remain  the  same.  It  is  probable,  therefore, 
that  of  two  gases  composed  of  the  same  ingredients,  that  which  has  a double 
density  will  afford  somewhat  more  than  a double  quantity  of  light.” 

The  illuminating  value  of  coal-gas  may  be  increased  by  saturating  it 
with  the  vapor  of  coal  naphtha,  which  is  effected  by  passing  it  through  a 
box  containing  sponge  imbued  with  naphtha,  or  otherwise  so  constructed 
as  to  expose  a large  surface  of  naphtha  to  the  passing  gas.  Mr.  Lowe, 
who  has  patented  this  process,  has  applied  it  in  several  club-houses  and 
other  establishments  requiring  large  quantities  of  gas.  The  illuminating 
power  of  naphthalized-gas  compared  with  that  of  coal-gas,  will  depend 
upon  the  temperature  of  the  gas  as  influencing  the  quantity  of  naphtha 
vapor  which  it  holds.  Thus  at  75°,  the  naphtha  vapor  is  in  excess,  and 
the  gas  burns  wdth  smoke  when  any  common  burner  is  used ; at  65°,  the 
illuminating  power  is  about  doubled;  at  55°  or  ordinary  mean  temper- 
ature, it  is  as  3 to  2;  at  45°  as  2*5  to  2;  at  35°  there  is  no  perceptible 
difference.  When  the  illuminating  power  is  as  3 to  2,  at  55°,  the  heating 
power  of  the  naphthalized-gas  is  to  that  of  coal-gas  for  equal  quantities  of 
light,  as  3 to  4.  Care  must  be  taken  in  using  naphthalized  gas  to  employ 
proper  burners,  and  the  naphthalizing  box  should  be  placed  in  a cellar  or 
other  situation  where  the  temperature  is  at  least  as  low  as  that  of  the 
pipes  through  which  the  gas  has  afterwards  to  pass,  otherwise  the  vapor 
may  condense  in  their  ramifications,  and  prove  inconvenient. 

The  economy  of  gas-illumination  may  be  judged  of  by  examining  the 
value  of  the  products  of  distillation  of  a chaldron  of  coals,  the  average 
cost  of  which  may  be  considered  as  25s.  It  should  afford — 

£ s.  cl. 

G chaldron  of  coke,  at  13^ 0 1C  3 

24  gallons  of  tar,  ammoniacal  liquor,  and  other  products,  at  Id.  0 2 0 

12000  cubic  feet  of  gas,  at  lO^.  per  1000  C.F COO 

£C  18  3 

These  products  are  perhaps  taken  at  their  highest  value,  but  they 
afford  ample  grounds  for  showing  the  advantage  of  gas-illumination,  not 
merely  for  public  purposes,  but  also  in  extensive  private  establishments. 
It  appears  that  Avhere  more  than  one  hundred  lights  are  required,  a coal- 
gas  apparatus  will  be  found  profitable. 

The  cost  of  a lamp,  fed  by  gas,  and  giving  the  light  of  seven  s.  d. 


candles,  will  be  0 Of  per  hour. 

Of  Argand’s  lamp,  with  spermaceti  oil 0 3 

ISIould-candles 0 3i 

Wax-candles  1 2 


The  following  Table  by  Dr.  Ure  shows  the  relative  intensities  of  light 
afforded  by  the  combustion  of  different  tallow  candles,  as  compared 
with  an  Argand  oil  flame  : — 


Number 

Duration 

W eight 

Consump- 
tion per 

Proportion 

Economy 

Candles 

equal 

in  a 

of  a 

in 

Hour : 

of 

of 

to  1 

Pound. 

Candle. 

Grains. 

Grains. 

Light. 

Light. 

Argand. 

10  mould 

5h.  9m. 

G82 

132 

G8 

5*7 

10  dip  

4 3G 

G72 

150 

13 

C5h 

5*25 

8 mould 

C 31 

85C 

132 

lOi 

59  L 

G-G 

G ditto  

7 2i 

IIGO 

1G3 

GG 

5' 

4 ditto  

9 3G 

1787 

18G 

201. 

80 

,35 

Argand  oil-flame 

*♦.» 

* . . . 

512 

C9-4 

100 

VoL.  I. 

2 K 
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According  to  Dr.  Ure,  a,  pint  of  the  best  sperm  oil,  weighing  about 
13  ounces,  hums,  in  a well-trimmed  Argand,  about  10  hours*.  But  in 
some  experiments  made  by  Mr.  J.  T.  Cooper,  Mr.  R.  Phillips,  and  my- 
self, we  found  the  average  consumption  of  the  best  sperm-oil  by  a well- 
trimmed  Argand  burner  of  the  ordinary  dimensions  (about  1 inch  diameter) 
to  amount  to  about  800  grains  per  hour;  it  gave  light  equal  to  that  of 
between  ten  and  eleven  spermaceti  candles  of  six  to  the  pound,  each 
consuming  about  140  grains  of  spermaceti  per  hour.  We  found  that  the 


* The  following  answers  to  some  ques- 
tions put  by  tlie  Committee  of  the  Athe- 
naeum Club  to  Mr.  Faraday,  are  so  gene- 
rally applicable,  that  I venture  to  introduce 
them  here.  “ Q.  What  is  the  ratio  of  light 
of  an  oil  and  gas  burner? — In  an  excellent 
Argand  oil  lamp,  compared  with  a 15 -hole 
gas  burner,  the  light  of  the  gas  was  to  that 
of  the  oil  as  21  to  13.  Q.  What  is  the 
ratio  of  heat? — In  experiments  made  to 
determine  the  heat  evolved  for  equal  quan- 
tities of  light  from  oil  and  gas  burning 
brightly  from  Argand  burners,  the  heat 
from  the  oil  being  2,  that  from  the  gas  was 
nearly  3.  Q.  Is  either  sulphurous  or  sul- 
phuric acid  formed  by  the  combustion  of 
coal-gas  in  the  ordinary  way? — A little 
sulphurous  or  sulphuric  acid  is  generally 
formed  from  the  combustion  of  coal-gas. 
If  well-purified  gas  be  used  this  product  is 
rarely  sensible:  it  is  less  sensible  as  sul- 
phuric than  as  sulphurous  acid.  Upon 
closely  questioning  persons  who  have  de- 
clared they  smelt  the  sulphur  from  gas,  I 
have  usually  found  they  meant  something 
else — generally  the  oppressive  heat,  or  the 
dry  sensation,  or  the  smell  of  a little  gas 
unburnt,  none  of  which  have  anything  to 
do  with  the  sulphur  product  from  gas.  Q. 
From  a gas  light,  properly  regulated,  does 
unburned  gas  escape  ? — I do  not  believe 
that  any  gas  escapes  unburnt  from  a gas 
light  well  regulated.  It  is  far  more  likely 
that  oil  vapor  should  escape  unconsumed 
from  an  oil  burner  than  gas  from  a gas 
burner.  Q.  Will  an  oil  or  gas  light  soonest 
soil  the  ceiling  of  a room  ? — Neither  oil  nor 
gas  ought  to  soil,  or  will  soil,  the  ceiling  of 
a room,  if  well  regulated.  Either  will  do 
so  when  badly  regulated.  I think,  of  the 
two,  oil  is  most  liable  to  do  so ; because  of 
the  changes  which  take  place  in  the  wick, 
in  the  temperature  of  the  oil,  &c.,  during 
burning,  and  which  do  not  occur  with  a 
gas  lamp  properly  regulated.  Q.  What  are 
the  comparative  effects  of  oil  and  gas  lights 
on  the  quality  of  the  air,  light  for  light  ? — 
It  is  exceedingly  difficult  to  ascertain,  and, 
if  ascertained,  to  describe  correctly  the 
effects  of  lights  on  air,  so  as  to  convey  a 
just  opinion  of  their  influence;  thus,  their 
power  of  heating  is  of  advantage  and  desir- 
able up  to  a certain  point,  and  above  that 
point  is  unpleasant  and  disagreeable : but 


that  point  depends  upon  many  other  things 
as  well  as  the  lights,  and,  what  is  still  more 
important,  differs  for  different  persons,  so 
that  it  becomes  impossible  to  please  all. 
Gas  light  will  heat  air  faster  than  oil  light; 
it  therefore  at  first  does  good  quicker,  and 
afterwards  does  harm  quicker  than  oil.  As 
to  the  proportionate  deterioration  of  air  by 
the  oxygen  abstracted,  I think  it  probable 
that  gas  would,  light  for  light,  have  the 
greatest  effect;  but  I do  not  believe  that 
effect  would  be  sensible  in  either  case.  As 
to  the  deterioration  of  air  by  the  sulphurous 
acid  and  unburnt  gas  thrown  into  the  room, 
I think  little  of  it.  Q.  What  are  the  com- 
parative qualities  of  the  light  from  oil  and 
gas  ? — When  the  oil  was  burning  in  its  best 
manner,  still  it  gave  a much  yellower  flame 
than  the  gas ; the  whiteness  of  the  gas 
flame  is  a necessary  consequence  of  its 
higher  temperature.  Q.  Taking  all  the  cir- 
cumstances into  considei’ation,  what,  in 
your  opinion,  is  the  cause  of  the  oppressive 
feeling  complained  of  in  certain  rooms  in 
the  Athenseum? — In  my  opinion  the  prin- 
cipal cause  of  complaint  is  of  the  following 
nature  : a house  has  been  built,  and  every 
endeavour  made  to  render  floors,  ceilings, 
windows,  walls,  and  doors,  tight  and  close; 
the  rooms  in  it  are  well  warmed  during  the 
day,  and  are  brought  to  such  a temperature 
and  state  that  the  first  person  who  enters  is 
fully  satisfied;  from  fifty  to  two  hundred 
persons  are  then  introduced,  evolving  both 
heat  and  effluvia ; a number  of  powerful 
gas  burners  are  next  put  into  and  continue 
in  action  ; and  when  the  injurious  agency 
of  these  causes  is  continued  for  one,  two, 
or  three  hours,  complaints  are  made  that 
the  heat  is  oppressive,  or  the  odor  unplea- 
sant. Things  are  arranged  so  as  to  produce 
a perfect  effect  under  one  set  of  circum- 
stanees,  and  then,  changing  the  circum- 
stances, the  effect  is  expected  to  remain  the 
same,  though  it  must  of  necessity  be  dif- 
ferent. The  large  room  and  the  library  are 
made  quite  warm  enough  by  daylight,  when 
there  are  only  a few  persons  there:  then 
they  are  lighted,  many  persons  enter,  and 
they  must  of  course  very  soon  expect  an 
oppressive  sensation.  I have  no  hesitation 
in  believing  that  the  cause  of  these  com- 
plaints might  be  removed  by  extending  and 
adjusting  the  system  of  ventilation. 
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quantity  of  material  consumed  by  tlie  following  candles,  which  were  of 
the  same  size  and  make,  and  about  six  to  the  pound,  and  occasionally 
snuffed  so  as  to  maintain  as  nearly  as  possible  an  equable  flame,  was  as 
follows: 

Grains. 


Stearic  (or  composite)  candles 104 

Cocostearine  „ 157 

Spermaceti  „ 143 

Wax  „ 134 

Tallow  moulds  „ 128 


The  relative  illuminating  powers  of  these  candles  determined  by  a 
shadow  photometer,  and  by  Wheatstone’s  vibrating  reflector,  were  nearly 


as  follows: 

Spermaceti 10,000 

Stearic  7 A 03 

Wax  6,023 

Cocostearine 5,523 

Tallow  mould  4,784 


The  principal  objections  to  the  use  of  coal-gas  illumination,  arise  out 
want  of  due  ventilation,  by  which  the  products  of  its  combustion,  namely, 
water  and  carbonic  acid,  (and  almost  always  traces  of  sulphurous  acid,) 
may  be  removed  from  the  apartments  : the  following  details  upon  this 
subject  are  taken  from  a paper  communicated  to  the  Society  of  Civil 
Engineers  in  1843. 

In  consequence  of  the  injury  sustained  by  the  books  in  the  library  of 
the  Athenaeum,  and  the  complaints  of  the  vitiated  state  of  the  air  in  the 
rooms,  the  attention  of  Professor  Faraday  was  drawn  to  the  subject  of 
ventilating  lamp-burners,  and  he  was  induced  to  suggest  the  trial  of 
various  plans  for  effecting  the  removal  of  the  products  of  combustion 
produced  by  sources  of  artificial  light.  All  substances  used  for  the  purpose 
of  illumination  may  be  represented  either  by  oil  or  by  coal-gas  ; although 
tallow  and  wax  are  also  employed,  yet  as,  until  rendered  fluid  like  oil, 
they  cannot  be  burnt,  for  all  practical  purposes  they  may  be  classed  with 
it.  Oil  and  gas  both  contain  carbon  and  hydrogen,  and  it  is  by  the  com- 
bination of  these  elements  with  the  oxygen  of  the  air  that  light  is  evolved. 
A pound  of  oil  contains  about  0'J2  of  a pound  of  hydrogen,  0'78  of  car- 
bon, and  OTO  of  oxygen;  when  burnt  it  produces  L06of  water,  and  2'8G 
of  carbonic  acid,  and  the  oxygen  it  takes  from  the  atmosphere  is  equal  to 
that  contained  in  13’27  cubic  feet  of  air.  A pound  of  London  coal-gas 
contains  on  an  average  0'3  of  hydrogen,  and  0*7  of  carbon ; it  produces, 
when  burnt,  2‘7  of  water,  and  2*56  of  carbonic  acid  gas;  consumes  4*26 
cubic  feet  of  oxygen,  equal  to  the  quantity  contained  in  19*3  cubical  feet 
of  air.  A pint  of  oil  (equal  in  weight  to  about  13  ounces),  when  burnt, 
produces  a pint  and  a quarter  of  water  (weighing  20  ounces.)  A 
pound,  or  10  ounces,  of  coal-gas,  produces  when  burnt,  about  two  pounds 
and  a-half,  or  40  ounces  of  water.  A London  Argand  gas  lamp,  in  a 
closed  shop  window,  will  produce  in  four  hours,  two  pints  and  a half  of 
Avater,  to  condense  or  not  upon  the  glass  or  the  goods,  according  to  cir- 
cumstances. A pound  of  oil  also  produces  nearly  three  pounds  of  car- 
bonic acid,  and  a pound  of  gas  two  and  a half  pounds  of  carbonic  acid. 
For  every  cubical  foot  of  gas  burnt,  rather  more  than  a cubical  foot  of 
carbonic  acid  is  produced.  A man  breathing  in  an  atmosphere  containing 
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7 or  8 parts  of  carbonic  acid  per  cent.,  would  suffer,  not  so  much  from 
mere  deficiency  of  oxygen,  as  from  the  actual  deleterious  action  of  the  car- 
bonic acid.  Leblanc,  who  has  analyzed  the  confined  air  of  inhabited  places, 
concludes  that  the  proportion  of  carbonic  acid  gas  in  such  places  may  be 
regarded  as  measuring  with  sufiicient  exactness  the  insalubrity  of  the  air ; 
that  in  the  proportion  of  1 part  to  100  of  air,  ventilation  is  indispensable  for 
the  prevention  of  injury  to  the  health ; that  the  proportion  of  carbonic  acid 
gas  had  better  not  exceed  a five-hundredth  part,  though  it  may  rise  with- 
out inconvenience  to  a two-hundredth  part.  If  a room  twelve  feet  square 
and  twelve  feet  high,  with  the  doors,  windows,  and  fire-place,  closed,  has  a 
gas  lamp  burning  in  it,  consuming  five  cubic  feet  of  gas  per  hour,  the  light 
will  produce  sufficient  carbonic  acid,  in  rather  more  than  three  hours,  to 
be  in  the  proportion  of  one  part  to  100  of  air,  and,  when  in  such  condition, 
the  air  is  injurious  to  health : and  even  in  one  hour  and  a half  it  will 
produce  that  proportion  of  carbonic  acid  which  should  never  be  exceeded. 
Sulphurous  and  sulphuric  acid  are  also  among  results  of  the  combustion 
of  coal-gas,  and  are  products  injurious  to  health  and  to  metals  and 
furniture. 

It  will  now  be  understood,  that  the  object  sought  to  be  attained  in 
the  ventilation  of  lamp-burners  is  the  removal  of  the  products  of  com- 
bustion ; and  with  this  view,  the  gas  lights  in  the  library  at  the  Athen^um 
were  ventilated  by  pipes  dipping  into  the  lamp  glasses,  and  conjoining, 
at  a short  distance  upwards,  into  one  central  pipe,  which  carried  away 
the  burnt  air.  In  this  first  practical  experiment,  many  things  were 

learned  as  to  the  mode  of  arranging  the  pipes ; the 
disposal  of  the  water  condensed  in  them,  &c.  &c.;  but 
the  objects  sought  for  by  the  ventilation  were  at  once 
and  perfectly  obtained.  (See  fig.  309.) 

Then  came  the  desire  of  modifying  the  system,  by 
removing  the  ascending  flue  from  its  place  over  the 
lamp,  not  from  any  deficiency  in  action,  but  for  appear- 
ance sake  only ; and  finding  that  there  was  sufficient 
ascension  power  in  the  main  part  of  the  metal  chimney 
to  allow  of  a descending  draught  over  the  lamp,  the 
tube,  ill  place  of  going  directly  upwards,  was  made  to 
turn  short  over  the  edge  of  the  glass,  to  descend  to  the 
arm  or  bracket,  to  pass  along  it,  and  then  ascend  at  the 
central  part  of  the  chandelier,  or  against  the  wall,  if 
applied  to  a single  light.  To  this  succeeded  another 
form,  which  appears  to  be  the  perfection  of  lamp  ventilation.  It  is  in 
fact  the  application  of  the  principle  of  a descending  draught  to  a lamp- 
burner*.  The  gas-light  has  its  glass  chimney  as  usual,  but  the  glass-holder 
is  so  constructed  as  to  sustain  not  merely  the  chimney,  but  an  outer 
cylinder  of  glass  larger  and  taller  than  the  first ; the  glass-holder  has  an 
aperture  in  it,  connected  by  a mouthpiece  with  a metal  tube  which  serves 
as  a ventilating  flue,  and  which  after  passing  horizontally  to  the  centre 
of  the  chandelier,  there  ascends  to  produce  draught  and  carry  off  the 
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* To  ensure  this  descending  draught,  it 
is  often  necessary  to  heat  the  column  of  air 
in  the  central  vertical  ventilating  tube,  which 
may  be  done  by  a small  single-jet  burner 


placed  under  its  lower  orifice,  and  lighted 
a few  minutes  before-hand.  When  the 
current  is  once  established,  this  burner  may 
be  extinguished. 
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burnt  air.  Fig.  310,  r/,  is  the 
burner ; h,  the  gas-pipe  lead- 
ing to  the  burner;  c,  the  glass- 
holder,  with  an  aperture  in  it 
opening  into  the  mouthpiece 

which  is  attached  to  the 
metal  chimney;  e,  the  ordi- 
nary glass  chimney;  jT,  an 
outer  cylinder  of  glass,  closed 
at  the  top  by  a plate  of  mica, 
g;  or,  still  better,  by  two 
plates  of  mica,  one  resting  on 
the  top  of  the  glass,  and  the 
other  one,  /«,  dropping  a short 
way  into  it.  They  are  con- 
nected by  a metal  screw  and 
nut,  which  also  keeps  them  a 
little  apart  from  each  other; 
thus  forming  a stopper,  which 
cannot  be  shaken  off  the  glass 
chimney,  but  is  easily  lifted 
on  and  off  by  the  small  metal 
ring  or  knob  at  the  top : 2,  is 

the  metallic  tube  chimney ; a ground  globe,  which  may  be  applied 
to  the  lamp,  and  which  has  no  opening,  except  the  hole  at  the  bottom, 
where  it  rests  on  the  glass-holder ; but  any  other  form  may  be  sub- 
stituted. 

Fig.  311,  is  a plan  of  the  glass  holder,  showing  the  burner  a in  the 
centre,  perforated  with  jets,  with  openings  round  it  to  allow  of  a free 
admission  of  air  to  the  flame — and  the  aperture,  d,  which  opens  into  the 
mouthpiece  connected  with  the  metal  chimney,  i.  The  burnt  air  and 
results  of  combustion,  take  the  course  indicated  by  the  arrows,  and  are 
entirely  carried  away  by  the  chimney. 

Now,  wdth  a lamp  burning  in  the  ordinary  way,  the  products  of  com- 
bustion issue  out  as  a torrent  of  aerial  impurity  into  the  apartment;  but 
if  the  above  arrangement  be  applied,  on  closing  the  top  of  the  outer  glass 
cylinder  by  the  plate  of  mica,  all  smoke,  water,  carbonic  acid,  sulphurous 
and  sulphuric  acid,  and  a large  portion  of  the  heat,  are  entirely  carried 
away  and  discharged  into  a chimney  or  the  open  air.  The  air  in  rooms 
may  thus  be  kept  in  the  same  sweet  and  wholesome  condition,  and  as  fit 
for  respiration,  as  if  artificial  light  were  not  being  used.  A curious  but 
important  result  of  the  inclosed  lamp,  is  the  increase  of  light  produced, 
amounting  to  from  10  to  20  per  cent.,  according  to  circumstances,  the 
same  quantity  of  gas  being  consumed  as  before.  If  the  current  of  air 
through  a lamp  glass,  when  the  gas  is  burning  in  the  usual  manner,  be 
diminished,  the  flame  rises  in  height,  and  the  light  is  increased  in  amount; 
the  combustion,  in  fact,  is  not  so  intense,  because  the  access  of  air  is  re- 
tarded, the  particles  of  carbon  which  give  the  light  are  not  so  highly 
ignited,  but  are  more  abundant,  and  are  ignited  for  a longer  lime,  thereby 
causing  an  increase  of  light. 

The  advantages  of  this  invention  are  many:  it  is  not  objectionable  in 
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architectural  appearance;  the  ventilation  is  perfect;  the  heat  diminished; 
the  light  increased  for  a given  portion  of  gas ; and  safety  from  accidents 
is  obtained,  as  in  the  event  of  leakage  from  the  pipes,  or  from  the  gas- 
cock  being  left  open,  the  gas  would  be  carried  off  by  the  metal  tubes. 

Coal  Tar.  From  the  sketch  above  given  of  the  composition  of  coal- 
gas,  and  the  substances  which  accompany  its  evolution,  it  will  appear  that 
they  are  extremely  complicated ; they  also  vary  in  nature  and  proportion, 
according  to  the  circumstances  under  which  they  have  been  evolved.  If 
we  consider  the  principal  ultimate  elements  of  common  coal  as  carbon, 
hydrogen,  oxygen,  nitrogen,  and  sulphur,  it  is  obvious  that  these  may  give 
rise  to  an  almost  infinite  variety  of  secondary  compounds:  of  these  several 
have  been  already  described  in  detail,  and  others  will  be  elsewhere  ex- 
amined. I shall,  therefore,  conclude  this  part  of  our  subject  with  a short 
account  of  some  compounds  not  previously  mentioned,  and  which  are 
extracted  from  coal  tar. 

1.  Carbolic  Acid.  Hydrate  of  Phenyle.  The  resolution  of  the  oil  of 
coal  tar  into  several  distinct  products  by  a graduated  distillation  has  been 
above  adverted  to.  From  that  portion  of  this  oil  which  boils  between 
.‘100'^  and  400*^,  Laurent  obtained  carbolic  acid  = C12H6O2,  a compound 
which  it  has  been  found  convenient  to  represent  as  the  hydrated  oxide  of 
a radical  which  has  been  termed  phenyle^  and  of  which  the  assumed  for- 
mula is  C12H5,  so  that  under  this  aspect  carbolic  acid  would  he  C12H5O 
-P  HO.  It  is  obtained  by  agitating  the  oil  with  about  twice  its  volume 
of  solution  of  potassa,  pouring  off  the  aqueous  part,  and  saturating  it  by 
hydrochloric  acid : the  carbolic  acid  separates  in  the  form  of  a heavy  oil, 
which  may  he  purified  by  cautious  distillation  off  a small  quantity  of 
caustic  potassa. 

Hydrate  of  oxide  of  phenyle  is  a colorless  oily  liquid,  neutral  to  litmus 
paper,  of  a high  refractive  power,  sp.  gr.  I '062.  It  has  a penetrating  odor, 
a pungent  burning  taste,  and  acts  powerfully  on  the  skin  : it  occasionally 
assumes  the  form  of  acicular  crystals  which  fuse  at  94°  and  boil  at  368°. 
It  is  slightly  soluble  in  water.  It  forms  crystallizahle  salts  with  the 
alkalis,  which,  however,  retain  alkaline  reaction.  In  many  of  its  pro- 
perties it  resembles  kreasote.  It  combines  with  sulphuric  acid  to  form 
stdphocarbolic  or  sidphophenic  acid  = Cl2H50,H0,2S03,  and  with  chlo- 
rine, bromine,  and  nitric  acid,  it  yields  the  following  substitutional  deri- 
vations. 

TTt 

Cliloroplienesic  acid  C12  0,HO 

Clilorophenisic  acid  C12  0,TIO 

Bromophenisic  acid  C12  0,110 

TTq 

Nitrophenesic  acid  O12  0,H0 

Nitroplienisic  acid C12  0,110 

2.  Kyanol.  3.  Leucol.  When  coal  oil  is  agitated  with  hydrochloric 
acid,  the  mixture  separates  into  an  oily  stratum  above,  and  an  acid  solu- 
tion beneath ; the  latter  is  withdrawn  and  yields,  when  mixed  with  excess 
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of  hydrate  of  lime  and  distilled,  two  basic  compounds,  to  which  the  above 
names  have  been  applied. 

Kyanol^  C12II7N,  has  an  agreeable  odor  and  acrid  taste : its  boiling- 
point  is  358°,  its  sp.  gr.  1*028.  Exposed  to  the  air  it  becomes  brown 
and  resinous.  It  is  sparingly  soluble  in  water ; soluble  in  alcohol  and 
ether ; neutral  to  test-paper  : dropped  into  a solution  of  chloride  of  lime, 
it  gives  a very  characteristic  hlue  precipitate,  which  gradually  reddens. 
AVitb  sulphuric  and  oxalic  acids  it  forms  crystalline  compounds. 

Leucol^  ClSlIoN,  is  less  volatile  than  kyanol ; its  odor  resembles  that 
of  bitter  almonds;  its  sp.  gr.  1*08.  Its  compounds  with  the  acids  are 
in  general  less  easily  crystallizable  than  those  of  kyanol,  and  it  is  not  ren- 
dered blue  by  chloride  of  lime. 

A substance  termed  aniline,  obtained  from  indigo,  and  a product 
found  in  the  empyreumatic  oil  of  bone  called  cryslalUn,  are  supposed  to 
be  identical  in  composition  with  kyanol;  and  the  basic  compound  obtained 
by  distilling  quinia  or  cinchonia  with  potassa,  termed  qumolein,  has  the 
leading  properties  of  leucol.  In  short,  it  is  not  surprising  that  similar 
compounds  should  in  this  way  be  obtained  from  very  dissimilar  sources, 
and  we  may  reasonably  expect  that  one  of  the  results  of  the  progress  of 
organic  chemistry  will  be  the  artificial  production,  and  identification,  so  to 
say,  of  compounds  hitherto  considered  peculiar  and  distinct. 

Carbon  and  Nitrogen.  Bicarburet  of  Nitrogen.  Cyanogen, 
NC2,  or  Cy.  This  gaseous  compound  was  discovered  in  1815,  by  Gay 
Lussac  (An?i,  Ch.et  JVg,xcv.),  and  termed  cyanogen  (from  Kvavos,  hlue, 
and  yevvaco,  I generale),  in  consequence  of  its  being  essential  to  the  for- 
mation of  Prussian  blue.  It  is  sometimes  formed  by  the  direct  action  of 
nitrogen  upon  carbon  in  the  presence  of  bases  (see  Cyanide  of  Potassium). 
It  is  also  formed  by  heating  oxalate  of  ammonia  with  about  20  parts  of 
sulphuric  acid;  but  in  this  case,  carbonic  acid  and  carbonic  oxide  are  also 
evolved. 

Pure  cyanogen  is  obtained  by  heating  cyanide  of  mercury  in  a small 
retort  to  dull  redness ; gaseous  cyanogen  is  evolved,  together  with  the 
vapor  of  mercury,  and  a black  substance  remains  which  has  been  termed 
paracyanogen.  Cyanogen  is  also  obtained  by  beating  6 parts  of  dried 
ferrocyanide  of  potassium  and  9 of  corrosive  sublimate  finely  pulverised, 
and  well  mixed:  in  this  case  1 equivalent  of  ferrocyanide  of  potassium 
and  2 of  corrosive  sublimate  yield  1 equivalent  of  cyanide  of  iron,  2 
of  chloride  of  potassium,  2 of  mercury,  and  2 of  cyanogen;  EeCy,  2KCy 
+ 2irgCl  FeCy  -f  2KC1  + 2IIg  -f  2Cy. 

Under  a pressure  of  between  three  and  four  atmospheres  at  the  tem- 
perature of  45°,  Mr.  Faraday  condensed  cyanogen  into  a limpid  colorless 
liquid,  of  a specific  gravity  of  about  0’9,  and  a refractive  power  rather 
less  than  that  of  water.  When  a tube  containing  it  was  opened,  the 
expansion  Avitbin  appeared  inconsiderable,  and  the  liquid  slowly  CAUipo- 
rated,  producing  intense  cold.  It  does  not  conduct  electricity.  At  tempe- 
ratures beloAv  — 30°  it  becomes  a transparent  crystalline  solid.  (Bunsen, 
Bibliolh.  Univer.,  1839.)  The  tension  of  the  vapor  of  liquid  cyanogen  at 
0°  is  rr  I *25  atmospheres;  at  32°  to  2*37,  Bt  50°  to  3*28,  at  63°  to  4*0,  at 
70°  to  4*5,  and  at  77°  to  atmospheres.  (Faraday,  Phil.  Trans., 
1845,  169.) 
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At  common  temperatures  and  pressures,  cyanogen  is  a colorless  gas, 
and  has  a penetrating  and  peculiar  smell,  somewhat  resembling  that 
derived  from  hitter  almonds.  When  a lighted  taper  is  dipped  into  it,  it 
is  immediately  extinguished,  hut  the  gas  takes  fire  and  burns  upon  the 
surface  in  contact  with  air,  with  a beautiful  and  very  characteristic  rose- 
colored  flame,  with  blue  or  purple  edges.  Its  specific  gravity  to  hydro- 
gen is  as  26  to  1 ; and  to  common  air,  as  1*82  to  1 ; 100  cubic  inches 
weigh  55*5  grains,  (56‘472  grains;  Turner;  or  at  the  temperature  of 
32°,  59’2023  grains;  Thomson.)  It  sustains  a high  temperature  without 
decomposition.  Water  dissolves  4*5  volumes,  and  alcohol  23  volumes 
(40  according  to  Johnston)  of  this  gas.  Ether  and  oil  of  turpentine  also 
absorb  it.  The  aqueous  solution  reddens  vegetable  blues;  and,  according 
to  Yauquelin  (Ann.  CJi.  et  Ph.,  Oct.  1818),  spontaneously  decomposes 
into  carbonic  and  hydrocyanic  acids,  ammonia,  a peculiar  acid  (which  he 
calls  cyanic)  and  a brown  substance  containing  carbon : the  ammonia 
saturates  the  acids,  and  the  carbonaceous  compound  is  deposited.  Ac- 
cording to  Wohler  (Ann.  Ch.  et  Ph.,  Lxiii.  73),  the  mutual  action  of 
cyanogen  and  water  is  attended  by  the  production  of  cyanic  acid  and 
ammonia,  which,  by  combination,  generate  urea. 

Cyanogen  may  be  analyzed  by  detonation  with  oxygen,  or  by  passing 
it  over  red-hot  oxide  of  copper.  One  volume,  detonated  over  mercury, 
with  two  of  oxygen,  produces  two  volumes  of  carbonic  acid  and  one  of 
nitrogen:  showing  that  cyanogen  contains  its  own  volume  of  nitrogen, 
combined  with  carbon  sufficient  to  form  two  volumes  of  carbonic  acid.  It 
therefore  consists  of 


Carbon 

2 

12  

..  46-1 

Nitrogen  .... 

1 

14  

..  53-9 

Cyanogen..., 

1 

26 

100-0 

Carbon. 

Carbon. 

or  it  may  be  represented 

6 

Nitrogen. 

16 

Cyanogen. 

as  annexed: 

14 

26 

and  the  following  diagrams  show  the  result  of  its  detonation  with  oxygen: 


Before  detonation. 

One  volume  of  Cyanogen  and  two 
of  Oxygen. 


After  detonation. 

One  volume  of  Nitrogen  and  two  of 
Carbonic  Acid. 


Oxygen. 

Nitrogen. 

Carbonic 

Acid. 

16 

14 

22 

Oxygen. 

Carbonic 

Acid. 

^ 16 

22 

When  a mixture  of  cyanogen  and  ox3^gen  in  these  proportions  is 
brought  into  the  contact  of  a red-hot  platinum  wire,  the  temperature  pre- 
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sently  rises  to  -whiteness,  and  a violent  explosion  ensues ; but  if  the 
mixture  he  so  far  diluted  with  air  as  to  maintain  the  wire  only  at  a dull 
red-heat,  the  fumes  of  nitrous  acid  become  abundantly  apparent : at 
common  temperatures,  spongy  platinum  does  not  induce  this  action. 

Iodine,  sulphur,  and  phosphorus,  may  be  sublimed  in  cyanogen  with- 
out change ; but  w'hen  they  are  heated  in  contact  with  cyanide  of  mer- 
cury, compounds  of  those  bodies  wdth  cyanogen  are  the  result.  It  also 
combines  with  the  metals,  and  constitutes  the  compounds  called  cyanurels 
or  cyanides.  The  cyanides  also  combine  with  each  other,  and  produce  an 
extensive  and  curious  class  of  salts  which  have  been  termed  double  cyan- 
ides. As  a salifying  body,  therefore,  cyanogen  may  be  compared  to 
chlorine,  iodine,  &c.,  for  it  not  only  combines,  as  a simple  body  would  do, 
with  the  metals,  but  also  forms  a hydracid  with  hydrogen ; in  some  of  its 
properties  it  bears  an  analogy  to  sulphur. 

Paracyanogen.  Carburet  of  Nitrogen.  These  terms  designate 
the  brown  matter  which  remains  in  the  retort  after  the  preparation  of 
cyanogen  from  cyanide  of  mercury,  and  which,  according  to  Johnston 
(Brewster’s  Journal^  second  series,  i.  7^)5  is  a solid  compound  of  carbon 
and  nitrogen,  isomeric  with  cyanogen.  The  same  compound  is  produced 
by  the  action  of  mercury  on  a saturated  alcoholic  solution  of  cyanogen, 
and  is  also  probably  formed  by  charring  certain  animal  substances. 

When  cyanide  of  silver  is  heated  in  a retort,  cyanogen  is  first  given 
off,  and  then  the  residue  glows  and  paracyanogen  remains  with  the  metal, 
forming  a grey  compound  which  resists  further  change  by  heat ; dilute 
nitric  acid  abstracts  the  greater  part  of  the  silver  and  leaves  a brown  sub- 
stance, which,  w^hen  washed,  dried,  and  dissolved  in  concentrated  sul- 
phuric acid  affords  a browm  solution,  from  which  paracyanogen  is  thrown 
down  by  the  addition  of  water.  When  well  washed  and  dried,  it  appears 
as  a brown  friable  substance.  (Thaulow.) 

Paracyanogen  varies  in  color  with  the  mode  of  preparation;  it  is 
neither  fusible  nor  volatile;  it  is  difficult  of  combustion  in  the  air;  it  is 
soluble  in  nitric,  hydrochloric,  and  sulphuric  acids,  and  in  the  caustic  and 
carbonated  alkalis.  Heated  in  the  air,  it  first  yields  half  its  carbon  in 
the  form  of  carbonic  acid,  the  residue  therefore  is  ==  ON.  Berzelius  justly 
observes,  that  the  properties  and  combinations  of  paracyanogen  deserve  to 
be  attentively  studied.  (Dr.  S.  Brown  states,  that  the  carbon  of  para- 
cyanogen is  convertible  into  silicon,  Edinb.  Phil.  Trans. ^ xv.  165,  but  no 
other  chemist  has  succeeded  in  effecting  this  metamorphosis.) 

Mellone.  CgN4.  This  carburet  of  nitrogen  is  one  of  the  products 
of  the  destructive  distillation  of  sulphocyanogen^  under  which  it  will  be 
further  described. 

Cyanogen  and  Oxygen.  There  are  three  isomeric  combinations  of 
cyanogen  and  oxygen,  forming  three  distinct  acids,  namely,  cyanic  acid 
=■  CyO,  which  is  monobasic ; fulminic  acid  — Cy202,  which  is  bibasic ; 
and  cyanuric  acid  =z  CySOs,  which  is  tribasic. 

Cyanic  Acid.  C2N,0;  or  CyO.  The  existence  of  this  acid  wus^^first 
suspected  by  Yauquelin  in  1818,  but  the  mode  of  obtaining  it  and  its 
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properties  were  first  indicated  By  Wohler  and  Liebig.  When  cyanogen 
is  passed  into  alkaline  solutions,  cyanides  and  cyanates  are  formed,  and 
so  far  the  action  of  cyanogen  corresponds  with  that  of  chlorine,  hut  the 
extreme  tendency  of  the  cyanates  so  formed  to  decomposition,  prevents 
their  permanent  separation.  At  length,  Wohler  succeeded  in  obtaining  a 
permanent  cyanate  as  follows  {Ann.  Ch.  et  Fh..,  xxvii.  196):  6 parts  of 
ferrocyanide  of  potassium  and  2 of  carbonate  of  potassa,  both  carefully 
dried  (anhydrous)  are  intimately  mixed  in  fine  powder  with  8 parts  of 
pure  and  dry  binoxide  of  manganese : this  mixture  is  heated  for  some 
time  to  dull  redness,  till  a portion  dissolved,  when  cold,  in  water,  does 
not  give  a blue  precipitate  with  a persalt  of  iron.  The  contents  of  the 
crucible  are  then  allowed  to  cool,  reduced  to  powder,  and  boiled  for  15 
minutes  in  alcohol,  sp.  gr.  850.  The  liquid  is  then  filtered  hot,  and  on 
cooling,  it  deposits  crystals  of  cyanate  of  potassa.  The  alcohol  is  poured 
off  from  the  salt  and  again  boiled  with  the  residue,  so  long  as  further 
portions  of  the  cyanate  can  be  thus  obtained.  When  the  salt  has  drained, 
it  is  washed  with  a little  strong  alcohol,  and  well  dried  by  pressure  in 
filtering  paper  and  afterwards  in  vacuo  over  sulphuric  acid  : it  must  he 
preserved  out  of  contact  of  air  and  moisture,  otherwise  it  soon  passes  into 
ammonia  and  carbonate  of  potassa. 

But  although  the  cyanic  acid  may  thus  be  obtained  united  to  a base, 
any  attempt  to  set  it  free  by  means  of  another  acid  is  attended  by  its  im- 
mediate decomposition  into  carbonic  acid  and  ammonia.  By  another 
process,  however,  it  was  isolated  in  its  hydrated  state,  namely,  by  sub- 
jecting dried  cyanuric  acid.,  CySOs,  3HO,  to  distillation,  gradually  raised 
to  a red  heat,  when  the  vapor  of  the  hydrate  of  cyanic  acid  is  given  off 
and  may  be  condensed  in  a receiver  cooled  to  32°.  A little  sublimed 
cyanuric  acid  collects  in  the  neck  of  the  retort,  and  a peculiar  white  sub- 
stance is  also  formed,  which  generally  renders  the  product  in  the  receiver 
turbid. 

Hydrate  of  cyanic  acid,  CyO,HO,  is  stated  to  possess  the  following 
singnlar  properties : When  its  temperature  is  raised  a little  above  32°,  it 
becomes  an  opaque  pasty  mass,  and  at  length  concretes  into  a porcelain- 
like indifferent,  and  insoluble,  isomeric  substance  {cyamelide),  and  this 
curious  change  is  attended  by  the  evolution  of  heat,  and  a series  of  con- 
cussions often  amounting  to  explosions,  but  without  the  evolution  of  any 
permanent  gas.  When  the  acid  is  retained  in  ice  it  undergoes  the  same 
change,  only  more  gradually. 

This  acid  in  its  liquid  state  is  intensely  caustic  ; its  odor  is  pene- 
trating and  irritates  the  eyes  and  nose:  its  vapor  reddens  litmus , it  is 
not  inflammable.  When  diluted  Avith  a little  Avater  and  retained  at  32°, 
its  odor  is  like  that  of  acetic  acid,  but  it  soon  begins  to  change,  carbonic 
acid  is  evolved,  carbonate  and  cyanate  of  ammonia  are  formed,  and,  by 
evaporation,  crystals  of  urea  are  obtained.  In  this  case  1 atom  of  cyanic 
acid  and  3 of  AAnter  at  first  yield  1 atom  of  bicarbonate  of  ammonia;  C2N, 
O + 3110  zrr  NH3,  2 C02:  but  the  cyanic  being  a stronger  acid  than  the 
carbonic,  the  undecomposed  cyanic  acid  combines  Avith  the  ammonia  and 
expels  carbonic  acid;  and,  on  evaporation,  the  C3mnate  of  ammonia  com- 
bines Avith  an  atom  of  AAmter  to  form  urea.  NH40,C2N0— C2H4O2N2. 
(Berzelius,  Lehrbuch.  Liebig,  Ann.  Ch.et  Ph.,  xxxiii,  208.) 

According  to  the  analysis  of  Wohler  {Ann.  Ch,  et  Ph.,  xx.  and 
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xxvli.,)  corroborated  by  tbe  experiments  of  Liebig,  anhydrous  cyanic  acid 
consists  of 


Carbon 

Nitrogen  .... 
Oxygen  .... 


2 

1 

1 


12 

14 


anogen 


8 ....  23’7  Oxygen.... 


1 

1 


26  ....  76’47 
8 ....  23-53 


Cyanic  acid  1.  34  lOO’O  1 34  lOO'O 

But  the  anhydrous  acid  is  only  known  in  combination  with  bases,  or 
with  water,  as  obtained  above,  or  as  afforded  by  the  distillation  of  dry 
cyanuric  acid;  in  this  state  it  is  H0,C}’0,  containing 


Liebig. 

Caibon  j 26  ....  60-1  ....  60*23 

Nitrogen  j ^ 

Oxygen  1 ....  8 ....  18-6  ....  18-71 

Water 1 ....  9 ....  21*3  ....  21*06 


Hydrate  of  cyanic  acid,  or 
1 Cyanate  of  water 


43  100  0 100-00 


Cyanate  op  Ammonia.  There  are  two  isomeric  cyanates  of  ammonia. 
When  ammonia  and  the  vapor  of  hydrated  cyanic  acid  are  brought 
together  they  combine  into  a white  flocculent  and  crystallized  substance, 
which,  according  to  Liebig  {Chimie  Organiqiie^  i.  J 26,)  contains  more 
ammonia  than  corresponds  with  a neutral  salt : it  is,  therefore,  apparently 
a basic  salt,  but  in  its  properties  it  agrees  with  the  ordinary  cyanates;  it 
is  supposed  to  contain  IIO,CyO,2NH3;  heated  with  acids  it  effervesces, 
and  with  alkalis  it  disengages  ammonia ; but  when  gently  heated,  either 
in  the  dry  state,  or  in  solution,  it  gives  out  ammonia  and  becomes  con- 
verted into  urea^  which  will  be  described  amongst  organic  products. 


Cyanates.  The  salts  of  the  cyanic  acid  are  distinguished  by  the 
peculiar  results  of  the  action  of  most  other  acids  upon  them.  If  an  acid 
be  added  to  a dry  or  a dissolved  cyanate,  effervescence  soon  ensues, 
attended  by  a strong  odor  of  cyanic  acid,  and  if  hydrate  of  lime  be  then 
added  ammonia  is  evolved,  which  it  was  impossible  to  detect  in  the 
original  cyanate.  The  cyanates  of  the  alkalis  are  soluble ; all  the  others 
insoluble.  All  the  soluble  cyanates,  excepting  that  of  ammonia,  are 
resolved  into  ammonia  and  carbonates,  when  boiled  in  aqueous  solution. 


Edlminic  Acid.  Paracyanic  Acid.  2C2N,02  or  Cy202.  Under 
the  articles  Mercury  and  Silver,  the  process  for  preparing  detonating 
compounds  of  those  metals,  by  acting  upon  their  nitric  solutions  by 
alcohol,  is  stated  ; the  experiments  of  Liebig  and  Gay  Lussac  (^Ann.  Ch. 
et  Ph.,  xxiv.  and  xxv.)  lead  to  the  inference,  that  in  these  combinations 
the  metallic  oxides  are  united  to  an  acid  containing  the  same  elements, 
and  in  the  same  relative  proportions,  as  the  cyanic  acid,  to  which,  in  that 
particular  state  of  combination,  the  term  Fulminic  Acid  has  been  applied; 
but  the  ecprivalent  of  the  fulminic  acid  is  double  that  of  the  cyanic,  or 
::=68.  According  to  Liebig,  the  results  of  the  action  of  nitric  acid  upon 
alcohol,  are  hyponitrous  acid  on  the  one  hand,  and  on  the  other,  aldehyd, 
and  formic  and  oxalic  acids.  In  the  presence  of  oxide  of  mercury  or 
oxide  of  silver,  2 atoms  of  hyponitrous  acid  and  I atom  of  ether  (the 
elements  of  which  are  contained  in  the  alcohol)  become  converted  into 
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fulminic  acid,  which  unites  to  the  metallic  oxide,  as  shown  in  the  follow- 
ing equation ; — 


2 atoms  of  ) , , . ( 1 atom  of  ) , ( 

TT  -4.  .,>+ 1 atom  of  Ether  = 1 1 . . •jf  + l 

Hypomtrous  acidj  Ihulmmic  acidj  t 


2N03 


CtHsO 


= N2C4O2 


5 atoms  of 
"Water 

5HO 


When  the  Yapor  of  nitrous  acid  is  passed  into  a saturated  solution  of 
nitrate  of  silver  in  alcohol,  there  is  an  immediate  precipitation  of  fulmi- 
nate of  silver. 

Fulminic  acid  has  not  been  isolated  from  the  bases  with  which  it  is 
combined;  at  the  moment  of  its  separation  by  a stronger  acid  it  is 
resolved  into  hydrocyanic  acid  and  other  products. 

If  regarded  as  anhydrous,  it  consists  of 

Liebig. 

Cyanogen 2 ....  52  ....  76*47  ....  76*74 

Oxygen  2 ....  16'  ....  23*53  ....  23*26 

Fulminic  acid  1 68  100*0  100*00 


FulmijJates.  These  are  hibasic  salts  containing  either  2 atoms  of 
fixed  base  (neutral  fulminates),  or  1 atom  of  fixed  base  and  I atom  of 
w^ater ; the  latter  have  an  acid  reaction.  The  2 atoms  of  fixed  base  may 
be  represented  by  2 atoms  of  the  oxide  of  an  easily  reducible  metal,  or 
by  2 atoms  of  the  oxides  of  two  different  metals,  also  easily  reducible. 
Thus  for  example,  2 atoms  of  oxide  of  copper,  2 atoms  of  oxide  of  silver, 
2 atoms  of  oxide  of  mercury,  or  1 atom  of  oxide  of  copper  and  1 atom 
of  oxide  of  silver,  may  combine  with  I atom  of  fulminic  acid,  to  form  a 
neutral  salt.  The  fulminates  with  an  alkaline  base  include  1 atom  of 
easily  reducible  oxide  and  1 atom  of  alkaline  oxide ; as,  for  example,  1 
atom  of  oxide  of  silver  and  I atom  of  potassa,  baryta,  strontia,  or  oxide 
of  zinc.  There  are  no  fulminates  of  two  alkaline  bases.  When  a ful- 
minate of  the  first  class,  containing  2 atoms  of  oxide  of  silver  or  of  oxide 
of  mercury,  is  treated  by  an  alkali,  only  half  the  oxide  is  replaced  by  1 
atom  of  the  alkali.  This  singular  property  seems  to  indicate  an  intimate 
relation  between  the  oxygen  of  the  acid  and  of  the  oxides  with  which 
it  combines.  (Liebig.  Chiniie  Organique,) 

Cyanuric  Acid.  C6N3O3  or  Cy303.  These  elements  are  only 
known  in  combination  with  3 atoms  of  water,  or  as  3 HO  -f-  Cy303. 
Scheele  first  described  this  acid  under  the  name  of  I'^yrouric  acid;  Se- 
rullas  afterwards  obtained  it  by  another  process,  and  termed  it  cyanic 
acid,  (^Ann,  Ch.  et  Ph.^  xxxviii.)  Its  real  nature  and  properties  were 
first  ascertained  by  Liebig  and  Wohler.  When  urea  is  heated  beyond 
its  fusing  point,  it  evolves  ammonia  and  is  converted  into  a gray  sub- 
stance : if  this  be  dissolved  in  sulphuric  acid,  and  nitric  acid  dropped  in 
till  the  solution  becomes  colorless,  and  then  added  to  an  equal  volume 
of  water,  crystals  of  hydrated  cyanuric  acid  are  deposited.  Liebig 
also  obtained  cyanuric  acid  from  a substance  which  is  produced  by  the 
decomposition  of  the  sulphocyanide  of  ammonium,  and  which  he  calls 
Melam,  Dry  melam  is  dissolved  by  a gentle  heat  in  strong  sulphuric 
acid,  and  then  added  to  20  parts  of  water : the  mixture  is  kept  near  its 
boiling-point  for  several  days,  till  it  no  longer  gives  a white  precipitate 
with  ammonia ; it  is  then  evaporated  and  crystallized.  These  crystals, 
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wliich  are  rhombic  prisms,  are  composed  of  1 atom  of  the  terhydrated 
cyanuric  acid  and  4 atoms  of  water ; these  they  lose  by  exposure  to  air, 
and  fall  into  a white  powder,  sparingly  soluble  in  water,  inodorous,  and 
slightly  reddening  litmus.  It  dissolves  without  decomposition  in  the 
strong  acids,  but  by  long  boiling  is  converted  into  carbonic  acid  and 
ammonia.  The  prismatic  crystals  of  cyanuric  acid,  dried  at  a temperature 
of  212°,  lose  the  4 atoms  of  water  of  crystallization,  but  retain  the  3 atoms 
of  combined  water ; in  this  latter  state  of  composition  the  acid  may  be 
obtained  in  flattened  octohedra,  or  oblique  quadrilateral  prisms,  termi- 
nated by  dihedral  summits,  by  cooling  its  boiling  saturated  solution  in 
nitric  or  hydrochloric  acid.  The  following,  therefore,  is  the  composition 
of  the  anhydrous  cyanuric  acid,  as  it  exists  in  combination  with  bases, 
and  which  cannot  be  isolated  — 

Cyanogen 3 ....  78  ....  76'47 

Oxygen 3 ....  24  ....  23*53 

Anhydrous  cyanuric  acid  1 102  lOO’O 

The  crystallized  hydrate  (cyanurate  of  water)  consists  of 

Anhydrous  acid  1 ....  102  ....  79 

Water  {combined) 3 ....  27  ....  21 

Hydrate  of  cyanuric  acid  1 129  100 

And  the  prismatic  crystals  contain 

Hydrate  of  cyanuric  acid  1 ....  129  ....  78'2 

Water  of  crystallization  4 ....  36  ....  2r8 

Crystals  of  cyanuric  acid  1 1G5  lOO'O 

Cyanurate  of  Ammonia.  This  salt  crystallizes  in  shining  white 
prisms,  efflorescent,  and  losing  ammonia  when  heated;  dried  in  vacuo  it 
contains  the  elements  of  I atom  of  hydrate  of  cyanuric  acid,  1 of  ammonia, 
and  I of  water.  (Liebig.) 

Cyanurates.  The  cyanuric  acid  combines  with  3 atoms  of  bases, 
which  are  represented  by  the  3 atoms  of  water  in  the  hydrate  of  the 
acid.  This  water  is  either  wholly  or  partially  replaced  by  metallic 
oxides.  The  alkaline  oxides  form  two  series  of  cyanurates  : in  the 
one,  the  salt  contains  1 atom  of  anhydrous  acid,  I atom  |of  basic 
oxide,  and  2 atoms  of  basic  water ; in  the  other,  1 atom  of  acid,  2 atoms 
of  oxide,  and  1 of  water  (as  in  the  corresponding  phosphates.)  There 
are  no  salts  constituted  of  1 atom  of  acid  with  3 of  alkaline  oxide.  But 
the  cyanurate  of  silver  is  anhydrous,  and  contains  3 atoms  of  oxide  of 
silver;  so  that  the  relative  proportion  of  per  cent,  is  the  same 

in  the  eyemate^  the  fubninate^  and  the  cyanurate  of  silver^  but  they  differ 
in  the  mode  of  their  constitution.  All  the  cyanurates  are  decomposed  by 
nitric  and  by  hydrochloric  acid.  The  cyanuric  acid  which  crystallizes 
from  a solution  of  a cyanurate  so  decomposed,  contains  no  trace  of  the 
oxide  with  which  it  was  combined.  The  salts  with  alkaline  bases  fuse 
when  heated,  and  leave  an  alkaline  cyanate,  whilst  cyanate  of  ammonia, 
hydrated  cyanic  acid,  carbonic  acid,  and  nitrogen,  are  evolved.  (Liebig, 
Cliimie  Organique.) 

Cyamelide.  Insoluble  Cyanuric  Acid.  The  hydrate  of  cyanuric 


= 3H0,Cy303-l-4H0 


= 3H0,Cy303 
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acid,  when  kept  for  some  time,  becomes  hard  and  white  (like  porcelain). 
In  this  state  it  is  insoluble  in  water,  dilute  acids,  alcohol,  and  ether ; it 
is  dissolved  and  decomposed  by  caustic  alkalis,  into  ammonia,  and  alka- 
line cyanates  and  cyanurates.  Concentrated  sulphuric  acid,  aided  by 
heat,  dissolves  and  decomposes  it,  resolving  it  with  the  addition  of  2 
atoms  of  water  into  carbonic  acid  and  ammonia.  Subjected  to  dry  dis- 
tillation, cyamelide  is  transformed  into  hydrate  of  cyanic  acid.  These 
decompositions  are  intelligible  if  cyamelide  be  of  the  same  composition 
as  cyanic  acid.  (Liebig.)  The  spontaneous  transition  of  cyanic  acid 
into  cyamelide  has  been  already  noticed. 

I In  the  preceding  statement  we  have  represented  the  three  oxygen 
acids  of  cyanogen  as  hydrated  acids;  but  they  may  also  he  regarded  as 
liydracids ; in  which  case  the  cyanic  acid  (monobasic)  would  be  = Cy02 
+ H,  the  fulminic  (bibasic)  acid  =:Cy204+Il2,  and  the  cyanuric  acid 
(tribasic)  CySOc -{- Hs,  the  hydrogen  being  in  these  cases  replaceable  by 
a metal,  as,  in  the  usual  view  of  their  constitution,  the  water  is  replace- 
able by  a metallic  oxide. 

Cyanogen  and  Chlorine.  Chloride  of  Cyanogen.  Cyanide  op 
Chlorine.  Chlorocyanic  Acid.  C2N,C1  ; or  CyCl.  Gay  Lussac  procured 
this  compound  by  passing  a current  of  chlorine  through  a solution  of  hy- 
drocyanic acid  in  water,  till  the  liquid  discolored  a dilute  solution  of  indigo 
in  sulphuric  acid.  He  then  deprived  it  of  excess  of  chlorine  by  agitation 
with  mercury,  and  submitted  it  to  careful  distillation,  by  v/hich  an  elastic 
fluid  was  evolved,  consisting  of  a mixture  of  carbonic  and  chlorocyanic 
acids;  and  which,  when  condensed  into  water,  furnished  a strong- smelling, 
colorless  solution,  which  reddens  litmus.  According  to  the  statement  of 
Liebig,  when  excess  of  chlorine  is  passed  into  the  aqueous  solution  of  hy- 
drocyanic acid,  chloride  of  cyanogen,  hydrochloric  acid,  and  free  chlorine, 
are  contained  in  the  liquid.  When  gently  heated  the  chloride  of  cya- 
nogen is  disengaged,  and  is  obtained  pure  by  passing  it  through  a tube 
containing  chloride  of  calcium.  It  is  gaseous  at  common  temperatures, 
has  an  insupportable  and  pungent  odor,  and  when  cooled  to  0°  crystal- 
lizes in  long  needles,  which  fuse  at  5°  and  boil  at  10°,  but  under  a pres- 
sure of  about  4 atmospheres  remain  liquid  at  70°.  When  kept  in  this 
state  in  tubes  hermetically  sealed,  it  forms,  according  to  Persoz,  white 
crystals  of  a solid  chloride  of  cyanogen,  having  the  same  composition  as 
the  former.  Water  dissolves  25,  ether  50,  and  alcohol  100  volumes 
of  the  gas.  It  is  decomposed  by  the  alkalis.  AVhen  moist  cyanide  of 
mercury  is  exposed  in  chlorine  to  the  action  of  solar  rays,  a heavy  yellow 
liquid  is  formed,  insoluble  in  water,  and  having  the  odor  of  chloride  of 
cyanogen ; the  same  substance  ajipears  to  be  formed  by  the  action  of 
chlorine  on  fulminate  of  silver. 

It  appears  from  the  researches  of  Gay  Lussac  and  Serullas  {Ann.  Ch. 
et  P/g,  xcv.  205),  that  100  volumes  of  the  gaseous  chloride  consist  of  50 
volumes  of  cyanogen -1- 50  volumes  of  chlorine,  the  gases  combining  with- 
out change  of  volume  : accordingly,  as 

Grains. 


50  cubic  inches  of  cyanogen  weigh  27 ‘7 

50  „ chlorine  38*0 

too  „ chloride  of  cyanogen  should  weigh  C5-7 
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and  it  is  a compound  of 

Yols.  Sp.  Gr, 

Cyanogen  1 ....  26  . ..  42  ....  0*5  ....  0‘91 

Chlorine  1 ....  36  ....  58  ....  0-5  ....  1-23 

Clilorocyauic  vapor  1 62  lOO’O  1 62  100  1*  2'14 

Solid  Chloride  of  Cyanogen.  When  a mixture  of  dry  chlorine  and 
anhydrous  hydrocyanic  acid  is  exposed  to  the  sun’s  rays,  hydrochloric  acid 
and  solid  chloride  of  cyanogen  are  formed:  the  latter,  when  pure,  is  white, 
and  sublimes  in  acicular  crystals ; it  has  a penetrating  odor,  resembling  that 
of  the  excrement  of  mice;  its  taste  is  pungent;  its  specific  gravity  1*32; 
it  fuses  at  284°,  and  sublimes  at  374°.  When  digested  in  hot  water,  it 
is  resolved  into  cyanuric  and  hydrochloric  acids,  Avhereas  the  gaseous 
chloride,  under  the  same  circumstances,  forms  cyanic  and  hydrochloric 
acids.  It  is  soluble  without  decomposition  in  alcohol  and  ether.  Accord- 
ing to  Bineau  1 volume  of  the  vapor  of  this  compound  is  constituted  of 
1*5  of  chlorine,  and  1’5  cyanogen,  so  that  the  3 volumes  are  condensed 
into  1.  It  combines  with  ammonia.  According  to  Liebig,  this  chloride 
corresponds  to  cyanuric  acid,  and  is  represented  by  the  formula  Cy3Cl3. 

Chlorocyanate  of  Ammonia.  One  volume  of  chlorocyanic  vapor 
and  two  volumes  of  ammonia  condense  with  slight  evolution  of  heat  into 
white  granular  crystals,  permanent  in  the  air,  and  inodorous.  This  salt 
fuses  when  heated,  and  yields  ammonia  and  hydrochlorate  of  ammonia, 
leaving  a yellow  residue,  having  the  characters  of  mellone.  (Bineau,  Ann. 
Ch.  et  Ph.,  Lxvii.  237,  and  lxx.  255.) 

Cyanogen  and  Iodine.  Iodide  of  Cyanogen.  Cyanide  op  Iodine. 
Cyl.  This  compound  was  first  obtained  by  Davy  {Qnarierly  Journal., 
i.  289),  and  afterwards  more  fully  examined  by  Serullas.  {Ann.  Ch.  et 
Ph..,  xxvii.)  It  may  be  obtained  by  heating  in  a platinum  capsule  a 
mixture  of  1 part  of  iodine  with  2 of  pulverized  cyanide  of  mercury;  they 
speedily  react  upon  each  other,  and  as  soon  as  white  fumes  arise  the 
capsule  may  be  placed  under  a dry  bell  glass;  the  action  goes  on,  and  a 
volatile  white  flocculent  product  is  formed.  Mitscherlich  obtains  this 
compound  by  distilling  the  mixture  of  iodine  and  cyanide  of  mercury 
with  a little  water,  in  a retort.  It  forms  acicular  crystals  of  an  acrid 
taste,  pungent  odor,  extremely  poisonous,  and  exciting  a flow  of  tears. 
It  is  heavier  than  sulphuric  acid.  It  dissolves  in  water,  and  still  more 
readily  in  alcohol,  and  the  solutions  do  not  redden  litmus:  alkaline  solu- 
tions decompose  it,  forming  iodates  and  hydrocyanates.  It  is  instantly 
decomposed  by  solution  of  sulphurous  acid;  iodine  is  disengaged,  and 
hydrocyanic  evolved.  Dry  sulphurous  acid  gas  does  not  act  upon  it. 
From  the  experiments  of  Serullas  it  is  probably  composed  of 

Cyanogen  1 ....  26  ....  17*3 

Iodine  ....  1 ....  126  ....  82'7 

1 152  100  0 1 152  1000 

According  to  Bineau,  iodide  of  cyanogen  forms  a definite  liquid  com- 
pound with  ammonia.  {Ann.  Ch.  et  Ph.,  Lxvii.  235.) 


Carbon..,. 

2 .. 

12  .. 

..  8*0 

Nitrogen 

1 .. 

14  .. 

9*3 

Iodine  .... 

1 .. 

..  126  .. 

..  82*7 

Carbon  2 ....  12  ....  19*41 

Nitrogen 1 ....  14  ....  22*6) 

Chlorine 1 ....  36  ....  58*0 
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Cyanogen  and  Bromine.  Bromide  op  Cyanogen.  Cyanide  op 
Bromine.  CyBr.  Two  parts  of  dry  cyanide  of  mercury  are  put  into  a 
small  tubulated  retort,  or  into  the  bottom  of  a sealed  tube,  plunged  into 
a freezing  mixture : 1 part  of  bromine  is  then  added ; a rapid  action 
ensues,  and  so  much  beat  is  evolved,  that  if  the  temperature  were  not 
kept  down  the  bromine  would  be  volatilized;  bromide  of  mercury  and  of 
cyanogen  are  formed;  the  latter  crystallizes  in  needles  in  the  upper  part 
of  the  tube,  whence  it  may  be  sublimed  into  a cold  receiver  by  the  applica- 
tion of  a gentle  heat:  sometimes  it  forms  small  cubic  crystals.  In  many 
respects  its  physical  properties  resemble  those  of  iodide  of  cyanogen;  its 
odor  is  excessively  pungent,  and  it  is  volatile  at  temperatures  above  60°. 
It  is  more  soluble  in  water  and  alcohol  than  the  compound  of  iodine. 
Solution  of  potassa  transforms  it  into  cyanate  of  potassa  and  bromide  of 
potassium.  The  solution  furnishes  a precipitate  when  added  to  nitrate  of 
silver,  composed  of  cyanide  and  bromide  of  silver.  Like  the  iodide  it  is 
extremely  deleterious  to  animals.  One  grain  of  it  dissolved  in  a little 
water,  and  introduced  into  the  oesophagus  of  a rabbit,  occasioned  almost 
instant  death,  as  rapidly  as  hydrocyanic  acid;  it  cannot,  therefore,  be  ex- 
amined withou  risk.  Its  composition  has  not  been  accurately  determined. 
(Serullas,  Ann.  Ch.  et  JPh..^  vol.  xxxiv.  p.  100.)  It  combines  with 
ammonia  in  two  proportions,  forming  a solid  and  liquid  compound. 
(Bineau,  Ann.  Ch.  et  Fh..^  lxx.  257*) 

Cyanogen  and  Hydrogen.  Cyanide  of  Hydrogen.  Hydrocyanic 
Acid.  Cyanhydric  Acid.  Prussic  Acid.  C2NH,  or  HCy.  This  com- 
pound was  first  obtained  by  Scheele  (^Stockholm  Trans. ^ 17^2,  1763), 
and  its  composition  ascertained  by  Berthollet  in  1767?  and  by  Clouet 
{Ann.  Ch.  et  Ph.,  xi.  30).  It  was  not,  however,  till  the  discovery  of 
cyanogen  by  Gay  Lussac,  in  1615,  that  its  real  nature  was  understood, 
and  its  components  accurately  determined.  Cyanogen  and  hydrogen  have 
no  tendency  to  direct  combination,  but  by  the  action  of  certain  acids  on 
metallic  cyanides  hydrocyanic  acid  is  formed  by  double  decomposition : in 
this  way  it  is  obtained  by  the  action  of  hydrochloric  acid  on  cyanide  of 
mercury.  HgCy + HCl  = HgCl + HCy.  Introduce  the  dry  and  finely 
pulverized  cyanide  into  a tubulated  glass  retort,  and  pour  upon  it  rather 
less  than  its  weight  of  hydrochloric  acid  (sp.  gr.  1*20).  Adapt  a hori- 
zontal tube  to  the  beak  of  the  retort,  about  two  feet  long  and  half  an  inch 
diameter;  fill  the  first  third  of  the  tube  next  the  retort  with  small  pieces 
of  white  marble,  and  the  other  two- thirds  with  fragments  of  fused  chloride 
of  calcium;  adapt  to  its  extremity  a small  receiver,  surrounded  by  a 
freezing  mixture;  on  applying  a gentle  heat  to  the  retort,  hydrocyanic 
vapor  will  pass  through  the  tube,  and  become  condensed  in  the  cold 
receiver;  any  portion  of  hydrochloric  acid  and  watery  vapor  that  may 
arise  along  with  it  will  be  detained  by  the  carbonate  and  chloride ; after 
this  part  of  the  process  the  whole  length  of  the  tube  should  be  gently 
heated,  to  expel  the  residuary  hydrocyanic  acid.  As  the  extrication  of 
carbonic  acid  from  the  marble  is  not  only  inconvenient,  but  liable  to  carry 
off  hvdrocyanic  acid,  the  distillation  of  any  portion  of  hydrochloric  acid 
should,  as  far  as  possible,  be  prevented,  by  placing  the  retort  in  a horizontal 
position,  using  the  least  possible  quantity  of  it,  and  employing  not  more 
than  a sufficient  heat.  (Gay  Lussac.)  2.  Introduce  the  clry  cyanide  of 
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mercury  into  a long  glass  tube  terminating  at  one  extremity  in  a receiver 
immersed  in  a freezing  mixture,  and  then,  from  a proper  apparatus,  pass 
over  it  a stream  of  pure  and  dry  sulphuretted  hydrogen,  the  sulphur  of 
•which  combines  'with  the  mercury  to  form  sulphuret  of  mercury,  and  the 
hydrogen  unites  to  the  cyanogen  to  form  hydrocyanic  acid;  HgCy  + IIS 
— HgS  + HCy ; the  whole  of  which  may  be  driven,  by  the  application  of 
a gentle  heat,  into  the  cold  receiver,  and  there  condensed.  (Yauquelin.) 
3.  Distil  by  a gentle  heat  15  parts  of  finely  powdered  ferrocyanide  of 
potassium,  with  a mixture  of  9 parts  of  sulphuric  acid  and  9 of  water: 
the  product  must  be  collected  in  a Avell  cooled  receiver  containing  5 parts 
of  broken  chloride  of  calcium : the  distillation  is  stopped  as  soon  as  the 
chloride  of  calcium  is  covered  by  the  liquid  hydrocyanic  acid,  which  is 
then  carefully  poured  off  and  preserved  in  a well-stopped  phial.  In  this 
process  the  cyanide  of  potassium  of  the  ferrocyanide  is  decomposed  by 
the  hydrated  sulphuric  acid.  KCy  -f  II0,S03  = KO.SOs  -f-  HCy. 
(Cyanide  of  potassium  may  be  substituted  for  the  ferrocyanide.)  Traut- 

WEIX. 

Anhydrous  hydrocyanic  acid  thus  obtained  is  a limpid  liquid  of  a 
strong  odor,  somewdiat  like  that  of  bitter  almonds  which  have  been 
chewed  or  triturated  with  w'ater,  and  in  which,  and  other  species  of  cimyg- 
dalus  and  pniniis,  we  shall  afterwards  recognise  its  formation.  Its  taste 
is  acrid,  and  it  is  highly  poisonous,  so  that  the  utmost  care  should  be  taken 
to  avoid  the  inhalation  of  its  vapor.  It  volatilizes  so  rapidly  as  to  freeze 
itself,  when  a drop  of  it  is  placed  upon  a glass  plate.  Its  specific  gnivity 
at  about  45°  is  0'705,  and  at  04°  0’090;  and  the  specific  gravity  of  its 
vapor,  as  experimentally  determined  by  Gay  Lussac,  is  0 9470:  it  boils 
at  80°,  and  congeals  at  3°  or  4°  above  0°  in  its  ordinary  state,  but  when  it 
is  perfectly  anhydrous  it  remains  liquid  according  to  Schultz  at  —40°.  It 
burns  with  a bright  flame.  It  scarcely  atfects  the  blue  of  litmus.  It  is 
very  liable  to  spontaneous  decomposition,  especially  under  the  influence 
of  light,  becoming  brown  and  evolving  ammonia,  changes  which  are  pre- 
vented by  the  presence  of  minute  portions  of  other  acids.  AVhen  water 
is  present,  the  concentrated  inorganic  acids  resolve  it  into  ammonia  and 
formic  acid:  4 atoms  of  water  and  I of  hydrocyanic  acid,  include  the  ele- 
ments of  I atom  of  formiate  of  ammonia;  4110 -f  C2NH  — 02,11,02;  NH3, 
HO.  It  is  resolved  by  chlorine  into  hydrochloric  acid  and  chloride  of 
cyanogen.  The  easily  reducible  oxides  (of  mercury  and  silver)  decom- 
pose hydrocyanic  acid,  and  yield  water  and  a metallic  cyanide.  AVhen 
lime  or  baryta  are  heated  to  redness  in  hydrocyanic  vapor,  they  afford 
cyanides  and  cyanates,  and  hydrogen  is  evolved. 

In  the  voltaic  circuit  hydrated  hydrocyanic  acid  appears  to  yield 
hydrogen  at  the  negative,  and  cyanogen  at  the  positive  electrode,  but  the 
aqueous  solution  of  this  acid,  when  pure,  is  a very  bad  conductor  of 
electricity.  (See  Faraday’s  Researches^  Series  vii.,  § 771*)  AYhen 
its  vapor  is  mixed  with  oxygen  it  may  be  burned  by  the  electric  spark, 
in  which  case  2 volumes  of  hydrocyanic  vapor  require  for  perfect  com- 
bustion 2 volumes  and  a half  of  oxygen:  the  results  are  water,  2 volumes 
of  carbonic  acid,  and  1 volume  of  nitrogen.  Y"hen  potassium  is  heated 
ill  its  vapor,  cyanide  of  potassium  is  formed,  and  hydrogen,  equal  to  half 
the  volume  of  the  acid,  liberated:  it  appears,  therefore,  that  there  is  the 
strictest  analogy  between  the  hydrocyanic  and  the  other  hydracids,  and 
Yol.  I.  2 L 
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that  1 volume  of  cyanogen  and  1 of  hydrogen  form  2 volumes  of  the 
vapor  of  hydrocyanic  acid : and  as 

Grains. 


50  cubic  inches  of  cyanogen  weigh  27’74 

50  „ hydrogen  106 


100  „ hydrocyanic  acid  vapor  should  weigh  28*80 


Hydrocyanic  acid,  therefore,  is  a compound  of 

Vols.  Sp.  Gr. 

Cyanogen  1 ....  26  ....  96'3  ....  0’5  ....  0’91 

Hydrogen  1 ....  1 ....  3*7  Hydrogen  1 ....  1 ....  3*7  ....  0*5  ....  0*03 

Hydrocyanic  acid  1 27  lOO’O  1 27  100  1*  0 94 


Carbon  2 ....  12  ....  44*51 

Nitrogen 1 ....  14  ....  51*8] 


Hydrated  Hydrocyanic  Acid.  This  acid,  in  various  states  of  dilu- 
tion, is  used  in  medicine  as  a sedative,  and  various  processes  are  resorted 
to  for  at  once  obtaining  it  at  a convenient  strength  for  pharmaceutical 
purposes.  The  dilute  hydrocyanic  acid  of  the  London  Phar7nacopoeia 
is  intended  to  contain  2 per  cent,  of  real  acid;  that  of  the  Edinburgh 
Pharmacopoeia  contains  3*2  per  cent.;  and  of  the  JDuhlin  Pharmacopoeia 
only  T6  per  cent.  (Pereira.)  The  acid  which  is  sold  under  the  name 
of  Scheeles  acid^  contains  5 per  cent.,  and  Vaiiquelm  s acid  3 per  cent,  of 
real  acid.  The  medicinal  hydrocyanic  acid  sold  on  the  Continent  some- 
times contains  as  much  as  from  10  to  25  per  cent,  of  real  acid.  A dose 
of  Scheele’s  acid  exceeding  20  drops,  and  an  equivalent  portion  of  any 
of  the  other  forms  of  the  acid,  would  generally  suffice  to  destroy  life. 
(Taylor,  Majuial  of  Medical  Jurisprudence.) 

The  process  for  preparing  the  dilute  hydrocyanic  acid  of  the  London 
Pharinacopoeia.,  consists  in  the  decomposition  of  ferrocyanide  of  potassium, 
PeCy,2KCy,  by  dilute  sulphuric  acid.  ‘‘Take  of  ferrocyanide  of  potas- 
sium 2 ounces,  sulphuric  acid  1^  ounce,  water  1^  pint.  Mix  the  acid 
with  four  ounces  of  the  water,  and  to  these,  when  cooled  and  put  into  a 
glass  retort,  add  the  ferrocyanide  of  potassium,  first  dissolved  in  half  a 
pint  of  water.  Pour  8 ounces  of  the  water  into  a cooled  receiver,  then, 
having  adapted  the  retort,  let  6 fluid  ounces  of  acid,  distilled  with  a 
gentle  heat  in  a sand  bath,  pass  into  this  water.  Lastly,  add  6 more 
fluid  ounces  of  distilled  water,  or  as  much  as  may  be  sufficient,  that  12*7 
grains  of  nitrate  of  silver  dissolved  in  distilled  water  may  be  accurately 
saturated  by  100  grains  of  this  acid.” 

This  process,  as  explained  by  Everett  {Phil.  Mag.^  Feb.  1835),  con- 
sists in  the  decomposition  of  2 equivalents  of  crystallised  ferrocyanide  of 
potassium,  2 [FeCy,2KCy,3  HO]  by  6 equivalents  of  oil  of  vitriols 
6 [S03,H0]  : the  products  of  their  mutual  reaction  being  1 equivalent  o 
biferrocyanide  of  potassium  r=  2FeCy,KCy,  3 equivalents  of  bisulphate 
of  potassa  — 3 [K0,2S03]  3 equivalents  of  hydrocyanic  acid  =r  3 [HCy] 
and  9 equivalents  of  water  9 [HO] . 

Another  mode  of  obtaining  dilute  hydrocyanic  acid  is  to  pass  sulphu- 
retted hydrogen  through  water  holding  in  solution  a known  quantity  of 
cyanide  of  mercury,  so  as  completely  to  decompose  it;  the  excess  of  sul- 
phuretted hydrogen  is  then  abstracted  by  carbonate  of  lead,  and  the  solu- 
tion of  hydrocyanic  acid  filtered:  but  in  this  process  it  is  difficult  to  obtain 
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a clear  and  colorless  solution  witliout  the  addition  of  a drop  or  two  of 
hydrochloric,  or  sulphuric  acid. 

A third  process  is  that  suggested  hy  Dr.  Clarke,  of  Glasgow. 
(Thomson’s  System^  ii.  220.)  In  100  drachms  of  water  dissolve  8^  drachms 
of  cyanide  of  polassiuin^  and  add  to  the  solution  18^  drachms  of  crystal- 
lized tartaric  acid,  previously  dissolved  in  20  drachms  of  water.  A 
double  decomposition  takes  place;  bitartrate  of  potassa  falls  down,  and 
about  120  drachms  of  water  remain,  holding  in  solution  3|-  drachms  of 
hydrocyanic  acid;  or  2'81  per  cent,  of  the  solution  is  hydrocyanic  acid. 
A little  bitartrate  of  potassa  also  remains,  which  may  be  avoided  by  using 
a little  alcohol  mixed  with  the  water. 

A fourth  process  recommended  by  Giese,  (Turner’s  Elements,)  is  as 
follows:  20  drachms  of  ferrocyanide  of  potassium  are  dissolved  in  80  of 
water,  and  with  the  solution  is  mixed  a dilute  acid  made  previously  with 
18  drachms  by  weight  of  strong  sulphuric  acid,  and  40  drachms  of  water, 
and  allowed  to  cool.  The  dilute  hydrocyanic  acid  is  then  distilled  otf, 
and  if  the  amount  is  not  120  drachms,  distilled  water  is  added  to  make 
up  that  weight.  This  is  nearly  the  process  of  our  Pharmacopoeia. 

Liebig  recommends  for  obtaining  dilute  hydrocyanic  acid  the  distilla- 
tion of  a mixture  of  equal  parts  of  cyanide  of  potassium  and  sulphuric 
acid;  the  cyanide  being  dissolved  in  twice  its  weight  of  water,  and  the 
acid  diluted  with  three  times  its  weight  of  water:  these  solutions  are  to  be 
slowly  mixed,  and  the  mixture  cautiously  distilled.  (Mm.  Ch.  Soc.,  i.  96.) 

As  hydrocyanic  acid  in  its  dilute  state  is  liable  to  decomposition,  it 
should  be  prepared  in  small  quantities  and  preserved  in  well-stopped 
phials  out  of  the  presence  of  light : or  a very  minute  addition  of  dilute 
sulphuric  or  hydrochloric  acid  may  be  made  to  it,  by  which  its  tendency 
to  change  is  prevented. 

When  dilute  hydrocyanic  is  pure,  it  leaves  no  residue  on  evaporation : 
hydrochloric  acid  is  detected  in  it  by  heating  it  in  a water-bath  so  as  to 
expel  the  hydrocyanic  acid,  and  then  testing  by  sulphate  of  silver;  or  the 
sulphate  of  silver  may  be  added  at  once  to  the  hydrocyanic  acid  and  the 
mixed  chloride  and  cyanide  of  silver,  digested  in  hot  nitric  acid,  which 
takes  up  the  cyanide,  forming  with  it  a somewhat  turbid  solution,  but 
leaves  the  chloride  untouched  : if  sidphiiric  acid  be  present,  it  occasions 
a precipitate  on  adding  nitrate  of  baryta,  which  is  insoluble  in  nitric 
acid.  Its  odor  of  course  varies  in  intensity  with  the  state  of  dilution, 
of  which,  however,  it  is  no  safe  criterion,  different  persons,  and  even 
the  same  person  at  different  times,  being  in  this  respect  very  differently 
susceptible. 

However  carefully  the  dilute  hydrocyanic  acid  may  have  been  pre- 
pared, its  real  strength  must  always  be  determined  by  a separate  experi- 
ment, for  the  specific  gravity  is  no  adequate  criterion.  Dr.  LYe  proceeds 
as  follows  : To  100  grains,  or  any  other  convenient  quantity  of  the  acid, 
contained  in  a small  phial,  add,  in  succession,  small  quantities  of  pure 
peroxide  of  mercury  in  very  fine  powder,  till  it  ceases  to  be  dissolved  on 
agitation : the  weight  of  the  oxide  taken  up,  being  divided  by  4,  gives  a 
quotient  representing  the  quantity  of  real  acid  present.  By  weighing  out 
beforehand,  on  a watch-glass,  40  or  50  grains  of  the  peroxide,  the  resi- 
dual weight  of  it  shows  at  once  the  quantity  expended.  {(Quarterly 
Journal,  xiii.  312.)  Dr.  Lire’s  Essay  also  contains  a table  of  the  specific 
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gravity  of  tlie  acid  of  various  degrees  of  dilution,  and  directions  for  detect- 
ing the  presence  of  hydrochloric  acid  in  it.  The  strength  of  the  medi- 
cinal acid  may  also  be  determined  by  precipitation  by  nitrate  of  silver, 
which  throws  down  an  insoluble  cyanide  of  silver,  of  which  134  parts  are 
equivalent  to  27  of  anhydrous  hydrocyanic  acid;  so  that  if  the  weight  of 
the  precipitated  cyanide  of  silver  (well  washed,  and  carefully  and  per- 
fectly dried,)  be  divided  by  5,  the  product  will  almost  exactly  represent 
the  quantity  of  real  acid. 

The  virulently  poisonous  nature  of  this  acid  has  led  to  Its  occasional 
administration  Avith  criminal  intentions:  the  mode  in  which  it  produces 
death,  and  the  symptoms,  are  enumerated  by  medical  and  physiological 
Avriters,  but  the  chemist  may  be  called  upon  to  suggest  means  of  detecting 
it:  this  may  often  be  effected  in  consequence  of  its  peculiar  odor;  and  if 
the  fluid  containing  it  be  agitated  Avith  finely-poAvdered  peroxide  of  mer- 
cury, crystals  of  cyanide  of  mercury  may  be  obtained  on  evaporation. 
The  following  is  an  accurate  test  of  its  presence,  originally  suggested  by 
Scheele:  to  the  suspected  liquid  add  a solution  of  'protosidphate  of  iron, 
and  aftei’Avards  drop  in  pure  potassa  in  slight  excess,  and  after  a short 
exposure  to  the  air,  redissolve  the  precipitate  in  hydrochloric  acid.  If 
hydrocyanic  acid  be  present,  the  tint  of  Prussian  blue  will  appear.  Except, 
hoAvever,  in  cases  of  recent  examination,  it  is  not  alAAmys  easy  to  detect 
hydroc3mnic  acid  in  the  contents  of  the  stomach  after  death,  more  espe- 
cially Avhere  putrefaction  has  gone  to  any  extent : in  such  cases  Leuret 
and  Lassaigne  have  recommended  the  folloAving  procedure  : The  stomach 
and  its  contents,  cut  into  pieces,  are  carefully  distilled  Avith  Avater  slightly 
acidulated  by  sulphuric  acid:  the  volatile  products  are  condensed  in  a 
receiver  surrounded  by  ice,  and  examined  by  the  above-mentioned  me- 
thods, or  by  the  formation  of  cyanide  of  silver:  in  such  cases  the  acid  is 
also  generally  recognizable  by  its  odor.  When  hydrocjainic  acid  is  pre- 
sent in  liquids,  the  color  and  composition  of  Avhich  prevent  its  detection 
by  the  formation  of  Prussian  blue,  and  Avhich  interfere  by  their  OAvn  odors 
Avith  that  of  the  acid,  it  may  frequently  be  detected,  and  even  in  minute 
quantities,  by  the  action  of  its  vapor  upon  nitrate  of  silver:  thus,  if  the 
suspected  liquid  be  placed  in  a shalloAv  capsule  or  AA^atch-glass,  Avith  ano- 
ther, moistened  Avith  nitrate  of  silver,  immediately  above  it,  the  nitrate 
Avill  soon  be  rendered  milky  by  the  formation  of  cyanide  of  silver;  a few 
drops  of  the  pharmaceutical  hydrocyanic  acid  added  to  tea  or  to  porter, 
are  detectable  in  this  Avay,  and  may  be  identified  either  by  collecting  and 
heating  the  cyanide  of  silver  in  a very  small  tube,  so  as  to  evoNe  cyano- 
gen; or  by  acting  upon  it  by  a feAV  droj)s  of  solution  of  caustic  potassa, 
Avhich  generally  dissolves  it,  and  then  using  sulphate  of  iron  and  a 
little  hydrochloric  acid,  so  as  to  form  Prussian  blue.  (See  Cyanide  of 
Silver.') 

Ammonia,  and  chlorine,  are  said  to  be  the  most  effective  antidotes  in 
cases  of  poisoning  by  hydrocyanic  acid  : a mixture  of  protoxide  and  ' 
peroxide  of  iron  and  an  alkali,  so  as  to  form  Prussian  blue,  has  also  been 
recommended  by  Messrs.  Smith.  (Phai'm.  Jour7i.,  v.  38.)  Ten  grains  of 
protosulphate  of  iron,  and  a drachm  of  tincture  of  sesquichloride  of  iron, 
dissolved  in  an  ounce  of  Avater,  and  20  grains  of  carbonate  of  potassa  in  2 
ounces  of  Avater,  are  the  proportions  Avhich  they  suggest.  In  most  cases, 
hoAveA'er,  no  antidote  can  be  expected  to  be  successful,  in  consequence  of 
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tlie  rapid  action  of  tlie  poison,  wliicli  usuall}^ proves  fatal  in  a few  minutes: 
cold  affusion  upon  the  region  of  the  spine  has  been  esj^ecially  recom- 
mended; hut  for  its  toxicological  history  I must  refer  to  writers  on  that 
subject.  (CnuisTisoN,  On  Poisons.  Pereira,  Elements  of  Mat.  Med. 
Taylor,  Medieal  Jurisprudence.) 

IIydrocy'anate  of  Ammonia.  Cyanide  of  Ammonium.  This  salt 
may  be  obtained  by  the  action  of  gaseous  ammonia  upon  anhydrous 
hydrocyanic  acid  : it  crystallizes  in  cubes  or  small  prisms,  and  is  extremely 
volatile.  Bineau  obtained  it  by  heating  equivalents  of  cyanide  of  mer- 
cury, or  of  dried  ferrocyanide  of  potassium,  with  sal  ammoniac.  {Ann. 
Ch.  et  Ph,.,  Lxvii.  231.)  Dr.  Thomson  states,  that  when  Prussian 
blue  is  exposed  to  a red  heat,  and  the  products  of  its  decomposition 
received  over  mercury,  the  glass  receiver  becomes  coated  with  crystals  of 
this  salt.  It  soon  suffers  spontaneous  change  when  dissolved  in  water, 
and  is  decomposed  by  carbonic  and  other  feeble  acids.  From  Bineau’s 
experiments  it  appears  to  consist  of  17  ammonia -[-27  hydrocyanic  acid, 
elements  which  upon  the  ammonium  theory  are  equivalent  to  NH4  + Cy: 
its  empyric  formula  being  C2II4N2.  According  to  Langlois,  (Ann.  Ch.  ct 
Ph.,  I.  Ill,)  cyanide  of  ammonium  is  also  formed  by  passing  ammonia 
over  red-hot  charcoal. 

Cyanogen  and  Sulphur.  Sulpiiocyanogen.  Cyanide  of  Sul- 
phur. CyS2.  Sir  11.  Davy  obtained  this  compound  in  1816,  by  heating 
a mixture  of  sulphur  and  cyanide  of  mercury.  (Quart.  Jour..^  i.  289.) 
Liebig  obtains  it  by  saturating  a concentrated  solution  of  sulphocyanide  of 
potassium  with  chlorine,  or  by  boiling  a soluble  metallic  sulphocyanide  in 
dilute  nitric  acid;  it  falls  in  the  form  of  a yellow  precipitate,  which  pre- 
serves its  color  when  diy,  and  is  insoluble  in  Avater,  alcohol,  and  ether, 
but  soluble  in  hot  sulphuric  acid,  from  Avhich  it  is  again  throAvn  doAvn  by 
AA'ater.  It  is  decomposed  by  concentrated  nitric  acid:  Avlien  heated  Avith 
potassium,  sulphuret,  cyanide,  and  sulphocyanide  of  potassium  are 
formed:  subjected  to  dry  distillation,  it  yields  carburet  of  sulphur,  and 
ultimately  nitrogen  and  cyanogen.  (Liebig.)  By  digesting  cyanide  of 
mercury  in  chloride  of  sulphur,  Lassaigne  obtained  a compound  in 
brilliant  crystals,  Avhich  he  regarded  as  containing  4 atoms  of  cyanogen 
and  I of  sulphur  {Ann.  Ch.  et  Ph..,  xxxix.),  but  Avhich,  according  to 
Liebig,  are  a compound  of  chloride  of  cyanogen  Avith  chloride  of  sulphur. 
The  elements  of  sulidiocyanogen*  are 

Cyanogen  1 ....  26  ....  44’8 

Sulphur  2 ....  32  ....  55‘2 

Sulphocyanogen....  1 58  lOO'O  1 58  lOO’O 

Mellone.  When  dry  sulpiiocyanogen  is  lieated,  sulphur  and  sul- 
phuret of  carbon  are  evolved,  and  a yelloAv  substance  remains,  discovered 


Carbon  2 ....  12  ....  20'71 

Nitrogen  1 ....  14  ....  24'1) 

Sulphur 2 ....  32  ....  55  2 


* According  to  Parnell  sulphocyanogen, 
though  it  exists  in  combination  with  bases, 
has  not  been  isolated : the  above  yellow  sub- 


stance always  containing  hydrogen  and  oxy- 
gen, and  having  the  formula  Cl2H3N6Sl:'0, 
(See  Std2)hocyanide  of  Potassium.) 
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and  analysed  by  Liebig;  it  is  represented  by  C6N4,  and  possesses,  like 
cyanogen,  the  properties  of  a salt-radical,  combining  with  hydrogen  and 
the  metals:  it  is  insoluble  in  water,  dilute  acids,  and  alcohol:  it  bears  a 
dull  red  heat  without  decomposition,  but  when  strongly  ignited  is  resolved 
into  3 volumes  of  cyanogen,  and  1 of  nitrogen.  It  combines  directly 
with  potassium,  producing  ignition;  the  result  is  mellonide  of  potassium^ 
which  is  also  formed  when  mellone  is  heated  with  iodide,  bromide,  or 
sulphocyanide  of  potassium,  iodine,  bromine,  and  sulphocyanogen  being 
expelled.  (Liebig.)  When  mellonide  of  potassium  is  dissolved  in  boil- 
ing water  and  decomposed  by  hydrochloric,  nitric,  or  sulphuric  acid,  a 
white  gelatinous  substance  falls,  which  is  a hydrate  of  hydromellonic  acid: 
C6N4H-1-HO  : it  dries  into  a yellow  powder,  and  is  not  decomposed  by 
hydrochloric  or  nitric  acid.  (L.  Gmelin.) 


Liebig.  Gmelin. 

Carbon....  6 ....  36  ....  SO'IS  ....  39*36  Mellone 1 ....  92  ....  98*9 

Nitrogen  4 ....  56  ....  60*87  ....  60*64  Hydrogen 1 ....  1 ....  1*1 


Mellone....!  92  100*00  100*00  Hydromellonic  acid  1 93  100*0 

Mellone  is  decomposed  by  the  continued  action  of  boiling  nitric  acid; 
the  action  is  attended  by  the  disengagement  of  gas,  and  the  solution 
deposits  on  evaporation  colorless  and  anhydrous  octohedral  crystals.  On 
dissolving  these  crystals  in  boiling  water,  the  solution  yields  pearly 
flakes  on  cooling,  which  retain  a certain  quantity  of  water.  The  crystals 
are  similar  in  composition  to  the  cyanuric  acid,  with  which  they  may  be 
said  to  be  isomeric,  their  formula  according  to  Liebig  being  (when  an- 
hydrous) Cy606. 

Cyanogen,  Sulphur,  and  Hydrogen.  By  mixing  cyanogen  and 
sulphuretted  hydrogen,  Gay  Lussac  obtained  a yellow  crystallized  com- 
pound. (Ann.  Ch.  et  Ph.^  xcv.)  This  probably  consists  of  one  atom  of 
cyanogen,  and  one  of  sulphuretted  hydrogen,  and  is  identical  with  the 
compound  obtained  by  passing  sulphuretted  hydrogen  into  a saturated 
alcoholic  solution  of  cyanogen.  The  mutual  action,  however,  of  cyanogen 
and  sulphuretted  hydrogen  requires  to  be  more  minutely  examined.  We 
are  indebted  to  Porrett  {Phil.  Trans..,  1814),  for  our  knowledge  of  a 
triple  compound  of  cyanogen,  sulphur,  and  hydrogen,  which  he  termed 
sulphureited  chyazic  acid.,  but  the  term  sulphocyanic  acid.,  or  hydrosul- 
phocyanic  acid.,  is  now  generally  applied  to  it. 

Sulphocyanic  Acid.  Hydrosulphocyanic  Acid.  Sulfocyanhy- 
DRic  Acid.  Phodanic  Acid.  CyS2,H.  This  acid  is  obtained,  accord- 
ing to  Rink,  by  decomposing  basic  sulphocyanide  of  lead  by  dilute  sul- 
phuric acid,  taking  care  to  leave  excess  of  lead,  which  is  afterwards 
removed  by  sulphuretted  hydrogen.  It  is  also  formed  when  sulphocyanide 
of  lead  or  silver  diffused  through  water  is  decomposed  by  sulphuretted 
hydrogen. 

Hydrosulphocyanic  acid  is  colorless,  easily  decomposed  by  exposure  to 
air  or  heat,  yielding  among  other  products  a peculiar  yellow  insoluble 
powder  (Mellone):  chlorine  and  nitric  acid  abstract  its  hydrogen,  and 
evolve  sulphocyanogen;  by  their  prolonged  action  cyanic  and  sulphuric 
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acids  are  formed,  and  ultimately  ammonia.  It  reddens  the  solutions  of 
persalts  of  iron,  (hence  called  by  Berzelius  JRhodanic  acid);  it  is  not 
poisonous;  it  exists  in  the  seeds  of  the  cruciferous  plants,  and  in  human 
saliva,  and  that  of  the  sheep.  It  has  not  been  isolated  in  an  anhydrous 
state.  From  the  experiments  of  Porrett  {Aim.  of  Fhil.^  xiii.),  confirmed 
by  Berzelius,  its  elements  are 

Berzelius. 

Carbon  2 ....  12  ....  20-3  ....  20'30] 

Nitrogen  1 ....  14  ....  23’7  ....  23-85  /Sulphocyanogen  1 ....  58  ....  98'32 

Sulphur 2 ....  32  ....  54-2  ....  54  171 

Hydrogen  1 ....  1 ....  1*8  ....  1'68  Hydrogen  1 ....  1 ....  1*68 

Hydrosulpho-l  j 
cyanic  acidj 


IIydropersulphocyanic  Acid.  CyS3,H,  is  a compound  described  by 
Liebig,  (on  the  authority  of  Woskresensky,)  as  obtained  by  fusing  sulpho- 
cyanide  of  potassium  in  a stream  of  dry  hydrochloric  acid  gas;  hydro- 
sulphocyanic  acid  is  liberated  and  immediately  decomposed  into  sulphuret 
of  carbon,  hydrocyanic  acid,  and  a yellow  product  insoluble  in  water.  If 
this  operation  be  conducted  in  a retort,  a quantity  of  the  yellow  product 
lines  the  neck  of  it;  it  is  soluble  in  boiling  alcohol,  and  precipitates  on 
cooling  in  the  form  of  a pale  yellow  crystalline  powder  sparingly  soluble 
in  water  : it  dissolves  in  the  alkalis,  and  forms  peculiar  combinations  with 
the  other  metallic  oxides  which  are  in  general  insoluble. 

SuLPIIOCYANIDE  OF  AmMONIUM.  HyDROSULPHOCYANATE  OF  AmMONIA. 
CyS2+NH4,  or  HCyS2  + NH3.  This  salt  is  obtained  by  saturating  am- 
monia with  hydrosulphocyanic  acid,  and  evaporating  in  vacuo.  It  is  also 
formed  by  the  mutual  action  of  sulphuret  of  carbon  and  alcohol  saturated 
with  ammonia.  It  is  decomposed  by  heat,  giving  off  ammonia,  sulphuret 
of  carbon,  and  carbosulphuret  of  ammonium ; and  if  not  too  highly  heated, 
the  residue  consists  of  mellone  and  melam. 


Melam.  C12N11H9.  When  sulphocyanide  of  ammonium,  or  a 
mixture  of  2 parts  of  sal-ammoniac  and  1 of  sulphocyanide  of  potassium, 
are  heated  up  to  the  fusing-point  of  the  latter,  one  solid  and  three 
volatile  products  are  obtained ; the  latter  are  ammonia,  sulphuretted 
hydrogen,  and  sulphuret  of  carbon;  the  solid  body  is  melam,  mixed 
with  chloride  of  potassium,  which  may  be  removed  by  washing  with 
w^ater. 

Melam  is  a whitish-gray  powder,  insoluble  in  water,  alcohol,  and  ether. 
It  is  dissolved  and  decomposed  by  long  boiling  in  solution  of  potassa. 
Boiling  nitric  and  sulphuric  acids  dissolve  it,  and  their  solutions  treated 
by  alcohol  produce  a precipitate  of  ammelide;  but  if  boiled  for  several 
hours,  with  the  occasional  addition  of  water,  the  melam  is  wdiolly  trans- 
muted into  cyanuric  acid  and  ammonia.  Melam  is  soluble  in  dilute  hy- 
drochloric and  nitric  acid,  and  converted  into  ammeline  and  melamine; 
the  same  products  are  obtained  by  continued  boiling  in  solution  of  caustic 
potassa.  When  fused  wdth  hydrate  of  potassa,  it  is  transformed  into 
cyanate  of  potassa  and  gaseous  ammonia.  By  the  action  of  heat  it  is 
resolved  into  mellone  and  ammonia. 
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To  tlie  above  statement,  Liebig  adds  the  following  explanatory 
equations  : 


The  ultimate  elements  of  8 atoms! 

of  sulphocyanide  of  ammonium/ 

Cl6 

N16 

Il32 

Sl6 

8[CyS2  + NIl4]  are  J 

These  are  resolved  by  heat  into 

1 atom  of  melam 

Cl2 

Nil 

Ho 

5 ,,  of  ammonia 

N 5 

Iil5 

4 „ hisulpliuret  of  carbon  

C i 

S 8 

8 „ sulphuretted  hydrogen 

II  8 

S 8 

Cl6 

N16 

H32 

Sl6 

And  as  regards  the  conversion  of  1 atom  of  melam  and  6 of  hydrate 

of  potassa  into  0 atoms  of  cyanate  of  potassa  and  5 of  ammonia, 

The  ultimate  elements  of  I atom)  tt 

>•  Cl2  Jsll  119 
ot  melam  are  J 


6 atoms  of  hydrate  of  potassa  ....  II  6 Oi2  K6 


Cl3 

Nil 

Ills 

Ol2 

Ks 

Resolved  by  fusion  into 

6 atoms  of  cyanate  of  potassa  .... 

Cl2 

N 6 

Ol2 

Ks 

5 „ ammonia 

N 5 

His 

C12 

Nil 

His 

Ol2 

Ks 

Mel  AMIN.  CeNeHc.  Liebig  thus  designates  a salifiable  base,  pro- 
duced as  above  stated  by  the  action  of  alkalis  and  dilute  acids  on  melam  ; 
it  is  one  of  the  most  highly  azotised  compounds  Avith  Avhich  Ave  are 
acquainted.  To  obtain  it,  melam  (procured  by  the  distillation  of  a mix- 
ture of  1 part  of  sulphocyanide  of  potassium,  and  2 of  sal-ammoniac, 
and  Avashed  to  free  it  from  chloride  of  potassium)  is  boiled  in  a solution 
of  1 part  of  hydrate  of  potassa  in  20  of  AA^ater,  till  the  turbid  liquor  be- 
comes clear ; it  is  then  evaporated  by  a gentle  heat,  till  small  brilliant 
crystals  form  in  it  when  it  is  set  aside,  and  on  cooling  the  AA'hole  of  the 
nielamin  separates.  It  is  purified  by  recrystallization. 

Melamin  forms  anhydrous  rhomboidal  octohedra,  transparent  and 
colorless,  or  slightly  yelloAV : very  sparingly  soluble  in  cold  Avater,  and 
more  soluble,  but  sloAvly  so,  in  hot  AA^ater.  It  is  insoluble  in  alcohol  and 
in  ether.  Its  aqueous  solution  has  a bitter  taste,  and  is  Avithout  action 
upon  vegetable  colors.  Dry  melamin  fuses  at  a high  temperature,  and 
sublimes  almost  Avithout  decomposition;  a small  portion  of  it  is,  Iioaa^- 
ever,  resolved  into  mellone  and  ammonia. 

Concentrated  nitric  and  sulphuric  acids  decompose  melamin  Avith  the 
aid  of  heat  into  ammonia  and  ammelide  or  ammeline.  Fused  Avith 
hydrate  of  potassa,  the  elements  of  3 atoms  of  Avater  combine  Avith  it, 
and  transform  it  into  3 atoms  of  ammonia  which  escape,  and  3 atoms  of 
cyanic  acid  Avhich  remain  in  combination  Avith  the  potassa. 


The  ultimate  elements  of  1 atom 
of  melamin  are 

3 atoms  of  hydrate  of  potassa  .... 

Kesolved  by  fusion  into 

3 atoms  of  cyanate  of  potassa  .... 
3 „ ammonia  


Cs 

Ns 

Hs 

H3 

Os 

K3 

Cs 

Ns 

Il9 

Os 

K3 

Cs 

N3 

Os 

Ks 

N3 

Ho 

Ce  Ne  H9  Og  Ks 
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IVlelamin  comLInes  witli  dilute  acids  to  form  crvstallizaljle  salts,  all  of 

y 

wliicli,  except  the  double  salts,  have  an  acid  reaction.  The  nitrate, 
phosphate,  and  oxalate,  are  less  soluble  than  melamin ; the  acetate  and 
formiate  are  very  soluble  : it  precipitates  a part  of  magnesia  from  its 
solutions,  and  forms  a double  salt  ’vvitli  the  residue;  in  the  same  way  it 
decomposes  the  salts  of  all  the  common  metals.  It  combines  directly 
with  the  anhydrous  hydracids.  All  the  salts  of  melamin  with  the  oxy- 
acids,  contain  an  atom  of  water,  like  the  corresponding  salts  of  ammonin, 
and  cannot  exist  without  it.  It  forms  double  basic  salts  in  which  this 
atom  of  water  is  replaced  by  an  ecjuivalent  of  metallic  oxide. 

AiAimelin.  Cf)N5ll502.  A product  of  the  decomposition  of  melam 
and  melamin  by  acids  and  alkalis.  When  melamin  is  pre2)ared  by  de- 
composing melam  by  a solution  of  caustic  potassa,  a liquor  is  obtained, 
which,  after  having  deposited  the  whole  of  the  melamin  which  it  held  in 
solution,  still  retains  amraeline  dissolved  by  the  potassa,  which  is  thrown 
down  in  the  form  of  a white  gelatinous  precipitate  by  acetic  acid.  This 
precipitate  is  to  be  washed  and  re-dissolved  in  dilute  nitric  acid.  This 
nitric  solution  yields,  by  evaporation,  crystals  of  pure  nitrate  of  ammelin. 
These  crystals  are  again  dissolved  in  dilute  nitric  acid,  and  from  this 
solution  carbonate  of  ammonia  throws  down  perfectly  pure  ammelin, 
which  may  be  washed  and  dried. 

Ammelin  may  also  be  obtained  by  dlsolving  melam  in  weak  and 
boiling  hydrochloric  acid ; by  evaporation  crystals  of  hydrochlorate  of 
ammelin  and  of  melamin  are  obtained,  which  are  to  be  re- dissolved  in 
boiling  water;  from  this  solution  ammelin  is  throAvn  down  by  caustic 
ammonia,  and  the  remaining  liquid  yields  crystals  of  hydrochlorate  of 
melamin. 

The  precipitated  ammelin  forms  brilliant  white  silky  needles ; it  is 
insoluble  in  Avater,  alcohol,  and  ether,  but  it  dissolves  in  the  caustic 
alkalis.  Subjected  to  dry  distillation,  it  affords  a crystalline  sublimate, 
ammonia,  and  a residue  of  pure  mellone.  AVith  the  acids  it  yields  crystal- 
iizable  salts.  By  the  prolonged  action  of  Aveak  boiling  acids,  and  of 
concentrated  sulphuric  acid,  it  is  changed  by  the  assumption  of  the 
elements  of  1 atom  of  Avater : the  products  of  this  change  are  ammonia 
and  ammelid.  Fused  with  hydrate  of  potassa,  it  is  transformed  into 
ammonia  and  C3mnate  of  potassa. 

Ammelin  is  a very  Aveak  base,  and  only  combines  Avith  the  stronger 
acids,  and  ncA^er  Avith  the  organic  acids ; its  salts  are  crystalline,  have  an 
acid  reaction,  and  are  decomposed  by  AA^ater,  Avhicli  separates  ammelin. 
On  mixing  nitrate  of  ammelin  Avith  the  salts  of  many  of  the  common 
metals,  crj^stalline  precipitates  are  formed,  Avhich  are  double  basic  salts, 
containing  1 atom  of  acid,  1 of  ammelin,  and  1 of  metallic  oxide.  The 
oxyacid  salts  of  ammelin  contain,  like  the  salts  of  ammonia,  1 atom  of 
Avater;  the  double  basic  salts  are  anhydrous.  Nitrate  of  ammelin  ciystal- 
lizes  in  large  broad  plates,  or  in  long  quadrangular  prisms  : it  fuses  Avhen 
heated,  and  leaves  ammelid  as  a residue,  Avhile  nitric  acid,  and  the  pro- 
ducts of  the  decomposition  of  nitrate  of  ammonia,  are  evolved. 

Ammelid.  C12N0H9OG.  A product  of  the  decomposition  of  melam 
and  ammelin  by  the  concentrated  acids:  either  of  these  is  dissolved  in 
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concentrated  sulphuric  acid,  the  solution  mixed  with  alcohol,  and  the 
precipitate  formed  washed  with  cold  water  till  all  traces  of  acid  are  re- 
moved. It  is  purified  by  dissolving  it  in  dilute  nitric  acid,  and  precipi- 
tating by  carbonate  of  ammonia.  Ammelid  is  a white  powder,  insoluble 
in  water,  alcohol,  and  ether;  but  soluble  in  alkalis  and  strong  acids. 
With  nitric  acid  it  forms  crystals  Avhich  are  decomposed  by  water.  Ex- 
posed to  the  prolonged  action  of  boiling  dilute  nitric  or  sulphuric  acid,  it 
is  entirely  resolved  into  ammonia  and  cyanuric  acid.  On  adding  slight 
excess  of  nitrate  of  silver  to  a boiling  solution  of  ammelid  in  dilute  nitric 
acid,  and  then  ammonia  till  it  forms  a constant  precipitate,  white  caseous 
flocculi  are  deposited  on  cooling,  consisting  of  ammelid,  in  which  the 
elements  of  an  atom  of  water  are  replaced  by  those  of  oxide  of  silver. 

Theory  of  the  Composition  of  Melamin,  Ammelin,  and  Ammelid. 
In  the  following  table,  Liebig  attempts  to  explain  the  basic  properties  of 
melamin  and  ammelin,  and  the  manner  in  which  ammelid  and  cyanuric 
acid  are  derived  from  them.  It  is  assumed  that  these  substances  contain 
the  same  radical  as  cyanuric  acid,  namely,  C6N3[zr:3Cy,]  together  with 
a compound  of  equal  volumes  or  atoms  of  nitrogen  and  hydrogen,  NH, 
which  may  he  represented  by  M : in  this  case  the  formula  will  stand  as 
follows  : 

Cy3  4-06  -f  Hs  = Cyanuric  acid  (hydrated). 

Cy3  + M3  -f  H3  = Melamin. 

Cy3  + Ms  -f  O2  -h  113  = Ammelin. 

Cy3  + Ml|  4-  O3  -f-  H3  = Ammelid. 

Cy3  4-  O3  4-  O3  4-  H3  = Cyanuric  acid  (hydrated). 

The  hydrate  of  cyanuric  acid  forms  the  beginning  and  end  of  the 
series.  In  melamin  6 atoms  of  oxygen  are  replaced  by  3M,  and  in  am- 
melin 4 atoms  by  2M  : both  of  these  are  saline  bases ; ammelid  possesses 
no  basic  properties,  and  in  it  half  the  oxygen  of  the  cyanuric  acid  is 
replaced  by  I^M;  lastly,  when  the  whole  of  M is  replaced  by  oxygen, 
the  cyanuric  acid  again  appears.  The  basic  properties  of  these  substances 
diminish,  in  proportion  as  the  oxygen  of  the  radical  increases.  Liebig 
says  that  the  cyanuric  acid  may  he  compared  to  the  phosphoric  acid, 
and  melamin  to  ammonia  (or  to  phosphuret  of  hydrogen) ; inasmuch  as 
ammonia  and  melamin  combine  directly  with  the  hydracids;  that  is, 
without  the  intervention  of  water;  but  with  the  oxyacids  an  atom  of  water 
enters  into  the  compound,  where  it  plays  the  same  part  as  in  the  salts  of 
ammonia. 

Cyanide  of  Selenium.  No  binary  compound  of  cyanogen  and  sele- 
nium has  been  obtained;  hut  by  fusing  selenium  with  ferrocymnide  of 
potassium,  a compound  is  formed  analogous  to  that  of  sulphur:  the  hydro- 
seleniocyanic  acid  has,  however,  not  been  separated,  so  that  its  existence 
is  as  yet  hypothetical. 

Carbon  and  Sulphur.  Bisulphuret  of  Carbon.  CS2.  This  com- 
pound was  first  obtained  in  1 796  by  Lampadius,  while  distilling  a mixture 
of  pyrites  and  charcoal,  and  he  termed  it  alcohol  of  sidpluir.  It  was  long 
regarded  as  a triple  compound  of  carbon,  sulphur,  and  hydrogen,  till  Cle- 
ment and  Desormes  (A?in.  de  Chwz.,  xLii.),  and  Cluzel  (Ann.  de  Chhn., 
Lxxxiv.),  showed  the  absence  of  hydrogen;  its  properties  and  composition 
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were  afterwards  more  accurately  determined  by  Marcet  and  Berzelius. 
(^Phil.  Trans. ^ 1813,  p.  1710  It  is  obtained  by  passing  the  vapor  of  sul- 
phur over  red-hot  charcoal  in  a porcelain  tube;  or  by  distilling  about  six 
I parts  of  yellow  iron  pyrites  (bisulphuret  of  iron)  with  one  of  charcoal. 
1 Several  forms  of  apparatus  have  been  suggested  for  this  purpose.  (Gmeltn, 
! Handbnch.)  One  of  the  most  effective  appears  to  be  that  described  by 
j Schrdtter.  {Ann.  der  xxxix.  2970  The  charcoal  should  be  in 

small  fragments  and  at  a high  red  heat,  the  sulphur  vapor  slowly  passed 
through  it,  and  the  refrigerator  and  receiver  should  be  cooled  to  32°,  or 
lower ; porcelain  and  coated  earthenware  vessels  answer  best,  though  it  is 
difficult  to  prevent  loss  by  the  escape  of  the  vapor ; iron,  at  the  high 
temperature  which  is  required,  too  easily  combines  with  the  sulphur  to 
render  it  conveniently  available.  The  product  is  sometimes  conveyed  by  a 
glass  tube  into  ice-cold  water.  When  purified  by  redistillation  at  a low 
temperature  with  chloride  of  calcium,  it  is  transparent,  colorless,  and 
insoluble  in  water,  but  soluble  in  alcohol  and  ether;  its  refractive  power 
in  regard  to  light  is  very  considerable.  Its  specific  gravity  is  T272.  It 
boils  at  106°,  and  does  not  freeze  at  — 60°.  It  is  very  volatile  and  in- 
flammable, and  has  a pungent  taste  and  peculiar  fetid  odor.  The  cold 
which  it  produces  during  evaporation  is  so  intense,  that  by  exposing  a 
thermometer-bulb,  covered  with  fine  lint,  and  moistened  with  it,  in  the 
receiver  of  an  air-pump,  the  temperature  sunk,  after  exhaustion,  to  — 80°. 
When  a mercurial  thermometer  was  used,  the  metal  froze.  It  is  soluble 
in  fixed  and  volatile  oils,  and  it  dissolves  camphor.  It  is  decomposed, 
when  water  is  present,  by  chlorine  and  iodine ; and  when  potassium  is 
heated  in  its  vapor  it  burns  and  decomposes  it.  It  dissolves  sulphur  and 
phosphorus,  and  the  solution  often  deposits  those  substances  in  beautiful 
crystals.  This  solution  of  phosphorus  is  occasionally  used  to  give  a thin 
film  of  phosphorus  to  delicate  articles  intended  to  be  coated  with  metals: 
they  are  dipped  into  it,  and  then  into  a solution  of  silver  or  copper,  by 
which  a film  of  the  metal  is  reduced  upon  the  surface:  upon  this,  other 
metals  may  be  precipitated  by  voltaic  powers.  When  a piece  of  paper 
is  dipped  into  this  solution,  the  sulphuret  of  carbon  soon  evaporates  upon 
exposure,  and  a film  of  phosphorus  remains  upon  the  paper,  which 
generally  inflames  spontaneously : the  solution  is  a powerful  and  often 
useful  deoxidizer.  The  readiness  with  which  phosphorus  dissolves  in  the 
bisulphuret  of  carbon  is  remarkable,  and  the  amount  considerable,  1 part 
of  the  bisulphuret  taking  uj)  from  8 to  10  (according  to  Bottger  20,)  parts 
of  phosphorus.  When  the  vapor  of  bisulphuret  of  carbon  is  passed  over 
heated  lime  or  baryta,  it  produces  ignition,  and  carbonates  of  those  bases, 
together  with  sulphurets  of  calcium  and  of  barium.  It  is  also  decom- 
posed by  copper  and  iron  at  a red  heat.  Nitrohydrochloric  acid  converts 
bisulphuret  of  carbon  into  a crystalline  compound  of  carbon,  sulphur, 
chlorine,  and  oxygen.  (Berzelius.)  Under  the  influence  of  dry  chlo- 
rine it  yields  chloride  of  sulphur  and  perchloride  of  carbon.  (Kolbe,  Ann. 
der  Cheni.  iind  Phar7n..^  Feb.  1843.) 

Bisulphuret  of  carbon  appears  to  be  frequently  formed  during  the 
production  of  inflammable  gas  from  coal,  and  to  be  retained  in  the  state 
of  vapor  by  the  gas  after  its  purification  by  lime;  such  gas  gives  a sul- 
phurous smell  when  burned,  although  perfectly  cleansed  from  sulphuretted 
hydrogen,  so  as  not  to  discolor  carbonate  of  lead.  {Phil.  Trans,,  1820, 
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p.  19.)  When  its  vapor  is  burned  with  oxygen  it  forms  carbonic  and 
sulphurous  acid.  It  consists  of 

Bertliollet,  Tlienard,  Berzelius 
and  Vauquelin.  and  Marcet. 

Carbon 1 G 15-79  14  1517 

Sulpbnr  2 32  84-21  8G  84-83 


Bisulpliuret  of  carbon  1 38  100-00  100  100*00 


According  to  Mitsclierlich,  (who  has  also  described  an  apparatus  for 
obtaining  sulphuret  of  carbon  upon  a large  scale,  Lehrhuch^  i.  153,)  the 
specific  gravity  of  the  vapor  of  this  compound  is  2*640,  and  one  volume  of 

6*654 

it  is  composed  of  one-third  of  a volume  of  sulphur  vapors  — ~ — 2*218, 
and  half  a volume  of  carbon  vapor  = ^ = 0*4219. 


The  charcoal  which  remains  in  the  tube  or  vessel  employed  in  making  ‘ 
the  hisulphuret  of  carbon,  retains  a portion  of  sulphur  with  great  obsti- 
nacy, and  in  some  peculiar  state  of  union,  retaining  it  at  very  high  tem- 
peratures, and  only  allowing  of  its  separation  by  slow  combustion  : it  is 
perhaps  a snjjercarbiiret  of  ; and  it  seems  not  improbable  that  the 

sulphur  of  pit  coal  is  in  this  state  of  combination.  According  to  Proust, 
the  same  compound  is  formed  when  the  residue  of  lixiviated  gunpowder 
is  heated. 


Hydroxanthic  Acid.  Carbosulphuric  Acid.  According  to  Zeise, 
carbon  and  sulphur  form  a base  acidifiahle  by  hydrogen,  which  he  has 
called  Xcuithogene^  from  the  yellow  color  of  its  compounds  : the  acid  he 
terms  hydroxanthic  acid.  When  an  alcoholic  solution  of  pure  pofassa  is 
mixed  with  hisulphuret  of  carbon,  a compound  is  obtained,  which,  evapo- 
rated under  the  exhausted  receiver  of  the  air-pump  over  a surface  of  sul- 
phuric acid,  or  exposed  to  a temperature  of  32°,  deposits  acicular  crystals, 
which  become  yellow  by  exposure  to  air,  are  very  soluble,  and  from  Avhich 
upon  the  addition  of  dilute  hydrochloric  or  sulphuric  acid,  an  oily-looking 
fluid,  heavier  than  w*ater,  is  separated,  which  is  the  hydroxanthic  acid. 
Exposed  to  air  it  becomes  covered  with  an  opaque  crust:  it  reddens  lit- 
mus; tastes  sour,  astringent,  and  bitter;  is  inflammable;  and  at  212°  is 
decomposed  into  hisulphuret  of  carbon  and  an  inflammable  gas.  The 
action  of  ammonia  on  the  sulphuret  of  carbon  is  very  peculiar,  and  several 
new  compounds  result  ; hut  upon  these  subjects  the  reader  must  consult 
the  original  sources  of  information,  Avhich  scarcely  admit  of  abridgement, 
and  are  not  very  perspicuous  in  their  details.  {Ann.  Ch.  et  P/o,  xxi. 
and  xxvi. ; Annals  of  Phil. ^ N.  A.,  iv. ; Quart.  Journal,  xviii.)  Berzelius 
regards  hisulphuret  of  carbon  as  a sulphur  acid,  and  as  forming  in  com- 
bination with  certain  metallic  sulphurets,  or  sulphur  bases,  a distinct 
class  of  sulphur  salts.  According  to  Couerhe  {Ann.  Ch.  et  P/;.,  Lxi.  225), 
hydroxanthic  acid  is  a hydrated  carbosulphate  of  oxide  of  ethyle,  (or  a 
carhosulphate  of  alcohol)  r=C4H50, HO, -1-2CS2.  (See  Ethers.) 


Carbon  and  Phosphorus.  Phosphuret  of  Carbon.  To  obtain  this 
compound,  Dr.  Thomson  directs  the  following  process  {System,  ii.  259)  : 
Allow  common  phosphuret  of  lime  to  remain  in  Avater  till  it  no  longer 
evolves  gas:  then  add  to  the  liquid  excess  of  hydrochloric  acid,  agitate  for 
a few  moments,  and  throAV  the  Avhole  upon  a filter;  phosphuret  of  carbon 
remains,  Avhich  is  to  be  Avashed  and  dried.  This  compound  is  a soft 
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: powder,  of  a yellowish  color,  without  taste  or  smell:  exposed  to  air,  it 
I slowly  imbibes  moisture,  and  acquires  an  acid  flavor.  Exposed  to  a red 
! heat,  it  burns,  and  gradually  gives  out  its  phosphorus,  the  charcoal  being 
i prevented  burning  by  a coating  of  phosphoric  acid.  It  consists  of  phos- 
I phorus  0‘f)2  + carbon  0’38.  (Thomson’s  Annals^  viii.  157.)  If  'would 
appear  from  the  mode  of  obtaining  this  phospliuret,  that  it  forms  an  in- 
gredient in  phospliuret  of  lime,  as  usually  prepared;  it  also  is  formed  in 
the  process  for  procuring  phosphorus,  and  exists  in  the  red  matter  which 
contaminates  phosphorus  when  first  distilled. 

Carbon  and  Selenium.  Carbburet  of  Selenium.  Seleniuret  op 
Carbon.  Berzelius  has  announced  the  existence  of  this  compound,  but 
has  not  described  its  properties.  {Lehrbiich  der  CJieniie,  Dresden,  1844, 

p.  220.) 

§ Xn.  BORON.  B.  11. 

This  substance  was  discovered  in  1807,  by  Sir  II.  Davy,  and  in  1808 
its  properties  were  examined  by  Gay  Lussac  and  Thenard.  (Recherches 
Phijsico-Chemiqiies.)  It  is  obtained  by  heating  in  a copper  tube  t'svo  parts 
of  potassium,  Mutli  one  of  boracic  acid  previously  fused  and  poMulered. 
The  fused  matter  is  ^washed  out  of  the  tube  Avith  Avater,  and  the  Avhole 
put  upon  a filter.  The  boron  remains  in  the  form  of  a brown  insipid  inso- 
luble poAvder.  According  to  Dobereiner  Ch.  et  Pit.,  ii.  214),  one 

part  of  charcoal  or  lamp  black,  intensely  heated  in  a gun-barrel,  Avith  nine 
parts  of  borax,  previously  fused,  and  in  fine  poAvder,  produces  a disen- 
gagement of  carbonic  oxide,  and  a blackish  mass  results,  Avhich,  after 
copious  AA'ashings  in  boiling  Avater,  and  once  Avith  hydrochloric  acid,  affords 
a greenish-black  poAvder,  having  the  characters  of  boron  mixed  Avith  a 
little  charcoal.  The  charcoal  probably  first  reduces  the  soda,  and  the 
sodium  decomposes  the  boracic  acid ; hence  the  produce  of  boron  Avould 
probably  be  increased  by  adding  to  the  borax  half  its  Avelglit  of  soda 
or  potassa,  and  double  the  quantity  of  charcoal  aboA'e-mentioned.  Ac- 
cording to  Berzelius  {An?i.  of  Phil. ^ xxx.  128),  boron  is  most  economically 
obtained  by  decomposing  the  borofluoride  of  potassium.  This  compound, 
dry  and  in  poAvder,  is  heated  in  a porcelain  crucible  Avith  potassium  ; the 
reduction  goes  on  quietly,  and  the  fused  mass  is  triturated  Avith  AA^ater,  by 
Avhich  the  boron  is  separated,  Avhich  is  then  Avasbed  upon  a filter  Avith  a 
solution  of  hydrochlorate  of  ammonia,  and  afterwards  with  alcohol. 

Boron  is  a very  deep  olive-colored  substance,  infusible,  inodorous, 
insipid,  and  a non-conductor  of  electricity.  Its  specific  gravity  exceeds  2. 
It  is  not  acted  upon  by  air,  Avater  (at  least  after  it  has  been  heated  to 
redness),  alcohol,  ether,  or  oils.  In  the  state  of  hydrate  it  long  remains 
ditfused  through  pure  AA’ater,  and  passes  through  filters;  but  its  precipita- 
tion is  accelerated  by  saline  solutions.  It  undergoes  no  change  Avlien 
heated  in  close  vessels;  but  Avhen  nearly  red-hot  in  the  air,  it  takes  fire 
and  burns  Avith  difficulty  into  boracic  acid.  It  is  more  easily  oxidized 
by  the  action  of  nitric  acid:  the  pure  bydracids  have  no  action  upon  it, 
but  nitrohydrochloric  acid  converts  it  into  lioracic  acid,  and  nitrohydro- 
fluoric  acid  into  fluoride  of  boron.  At  a high  temperature  it  rapidly 
decomposes  nitre,  even  Avith  explosive  violence ; under  the  same  cir- 
cumstances, it  also  decomposes  and  deflagrates  Avith  the  liydrate  and  car- 
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bonate  of  potassa : in  the  former  case  water  is  decomposed,  and  hydrogen 
evolved ; in  the  latter,  carbonic  oxide  is  evolved  in  consequence  of  the 
decomposition  of  carbonic  acid;  in  both  cases  borate  of  potassa  is  the 
result. 

Boracic  Acid.  BOs.  This  which  is  the  only  known  compound  of 
boron  and  oxygen,  was  first  obtained  by  Homberg,  in  1702,  and  was 
used  in  medicine  under  the  name  of  sedative  salt.  Its  composition  was 
demonstrated  by  Davy  in  1807-  is  usually  obtained  by  dissolving  the 
salt  called  borax  in  hot  water,  and  subsequently  adding  half  its  weight  of 
sulphuric  acid ; as  the  solution  cools,  white  scaly  crystals  appear,  which, 
when  washed  with  cold  water,  are  nearly  tasteless,  and  which  consist  of 
boracic  acid  combined  with  about  40  per  cent,  of  water,  and  retaining  a little 
sulphuric  acid,  which  it  loses  at  a red  heat.  A hot  saturated  solution  of 
borax  may  also  be  decomposed  by  hydrochloric  acid;  the  hydrated  boracic 
acid_,  which  falls  as  the  liquid  cools,  may  then  be  washed  and  dried : 
heated  in  a platinum  crucible,  it  fuses  into  a hard  transparent  glass.  Its 
specific  gravity  before  fusion  is  1'48;  after  fusion,  about  ]’8.  At  a white 
heat  this  acid  slowly  sublimes  when  exposed  to  air.  It  sometimes  hap- 
pens, that  flashes  of  electric  light  are  observed  during  the  spontaneous 
cracking  of  a mass  of  fused  boracic  acid. 

The  crystallized  hydrate  of  boracic  acid  is  soluble  in  about  30  parts 
of  cold,  and  3 of  boiling  water:  the  latter  solution  deposits  it  in  pearly 
scales  as  it  cools : it  is  also  soluble  in  alcohol,  to  the  flame  of  which  it 
communicates  a beautiful  green  color.  It  dissolves  in  several  of  the 
strong  acids,  especially  the  sulphuric.  It  has  little  taste,  and  feebly 
reddens  vegetable  blues ; it  renders  turmeric  brown,  like  an  alkali. 
(Faraday,  Quarterly  Journal^  xi.  403.)  The  anhydrous  acid  becomes 
opaque  when  exposed  to  air ; it  is  very  fusible,  and  forms  fusible  com- 
binations with  many  of  the  metallic  oxides ; hence,  it  is  often  used  as  a 
flux.  When  boracic  acid  is  perfectly  pure,  and  slowly  deposited  from  its 
aqueous  solution,  it  forms  small  prismatic  crystals. 

According  to  Davy,  boron,  when  burned  in  oxygen,  or  acidified  by 
nitric  acid,  combines  with  about  68  per  cent,  of  oxygen ; and  with  this, 
the  theoretical  estimate  of  Berzelius  coincides:  there  is,  however,  a differ- 
ence of  opinion  as  to  the  atomic  constitution  of  the  boracic  acid,  and  the 
equivalent  of  boron.  L.  Gmelin  and  Berzelius  now  represent  the  boracic 
acid  as  BOs,  and  Gmelin  assumes  the  equivalent  of  boron  as  10 '8. 
Adopting  11  as  the  equivalent  of  boron,  anhydrous  boracic  acid  will  be 


constituted  by 

Berzelius. 

Boron  1 ....  11  ....  31-43  ....  31-19 

Oxygen 3 ....  24  ....  68-57  ....  68-81 


Boracic  acid  ....  1 35  100-00  100-00 

And  the  crystallized  hydrate  will  consist  of 

Berzelius.  Davy. 

Anhydrous  boracic  acid  ....  1 ....  35  ....  56*45  ....  56  ....  57 

Water  3 ....  27  ....  43-55  ....  44  ....  43 

Crystallized  boracic  acid  ....  1 62  lOO'OO  100 

These  crystals,  when  dried  at  212°,  lose  half  their  water. 
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The  green  tint  communicated  by  boracic  acid  to  the  flame  of  alcohol 
is  so  peculiar  that  it  is  resorted  to  as  an  indication  of  the  presence  of  the 
acid.  If  a salt,  for  instance,  is  suspected  to  contain  boracic  acid,  a little 
sulphuric  acid  may  be  added,  and  the  mixture  dried  by  a gentle  heat : 
this  >vill  separate  the  boracic  acid,  and  if  any  chlorine  or  hydrochloric 
acid  be  present  (which  also  gives  a greenish-blue  flame)  it  will  be  dissi- 
pated. Alcohol  is  then  poured  upon  the  dry  mass,  and  a bit  of  cotton 
moistened  with  the  alcoholic  solution  and  inflamed : if  the  quantity  of 
boracic  acid  is  very  minute,  the  green  tint  does  not  at  first  appear,  but, 
after  a time,  especially  if  the  cotton  be  moved  about  with  a glass  rod,  the 
point  of  the  flame  assumes  a green  hue : the  absence  of  copper  must 
always  be  ensured. 

Native  Boracic  Acid  occurs  among  the  volcanic  products  of  the  Lipari 
Islands,  whence  it  has  been  collected  for  the  manufacture  of  borax;  it 
also  exists  in  the  hot  springs  of  that  district,  and  in  those  of  Sasso,  in 
the  Florentine  territory;  hence  the  term  sassolm  applied  to  it  by  some 
mineralogists.  It  also  occurs  in  Datolite^  Boracite^  and  some  other  mine- 
rals, and  in  native  Borax.  An  account  of  the  Tuscan  lagoni^  whence 
large  quantities  of  this  acid  are  obtained,  is  given  by  Dumas  {Chim.  app. 
aux  Arts,  i.  379),  and  by  Payen  {Chem.  Gas.^  Feb.  1843). 

Borates.  The  afiinity  of  boracic  acid  for  bases  in  the  humid  way  is 
feeble,  little  exceeding  that  of  carbonic  acid ; but  at  a red  heat  it  displaces 
all  the  volatile  acids.  The  borates  are  mostly  fusible  into  a vitreous  mass 
which  acquires  various  and  often  very  characteristic  colors  from  the  dif- 
ferent metallic  oxides,  hence  one  of  the  uses  of  borax  in  qualitative  blow- 
j)ipe  trials.  A red-hot  platinum  wire  dipped  into  a pulverised  mixture  of 
equal  parts  of  a boracic  salt  and  bisulphate  of  potassa  gives  the  peculiar 
green  tint  above  mentioned  to  the  flame  of  the  blow-pipe.  With  the 
exception  of  the  salts  of  ammonia,  potassa,  soda,  and  lithia,  the  borates 
are  all  of  difficult  solubility. 

Boracic  Acid  and  Ammonia.  Borate  oe  Ammonia.  According  to 
L.  Gmelin,  a biborate  of  ammonia,  NPl3,2B03,5II0,  is  obtained  by  dis- 
solving boracic  acid  in  slight  excess  of  warm  solution  of  ammonia ; the 
temperature  rises,  and  by  slow  cooling  opaque  rhombic  octohedra  are 
deposited,  which  efiloresceby  exposure  to  air,  and  give  off  ammonia;  they 
are  soluble  in  ] 2 parts  of  cold  water  and  the  solution,  when  heated,  loses 
ammonia.  This  salt  consists  of 


L.  Gmelin.  Soubeiran.  Arfwedson. 

Ammonia 1 ....  17  ....  12*88  ....  12*5  ....  13*544  ....  12*88 

Boracic  acid  2 ....  70  ....  53*03  ....  51*0  ....  50*000  ....  63*34 

Water 5 ....  45  ....  34*09  ....  36*5  ....  36*452  ....  23*78 


Biborate  of  ammonia  1 132  100*00  100*0  99*996  100*00 

When  this  salt  is  dissolved  in  a strong  warm  solution  of  ammonia,  in 
a closed  vessel,  it  deposits  crystals  of  a suhborate.,  3NIl3,4B03,6H0; 
containing  therefore,  * . , 

o ’ Arfwedson. 


Ammonia 3 ....  51  ....  20*81  ....  21*55 

Boracic  acid 4 ....  140  ....  57*14  ....  55*95 

Water 6 ....  54  ....  22*05  ....  22*50 


Snbborate  of  ammonia 


1 


245 


100*00 


100*00 
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Quadriborate  of  Ammonia.  NH3,4B03,7H0..  This  salt  is  formed 
by  saturating  warm  solution  of  ammonia  by  lioracic  acid,  and  slow  evapo- 
ration: it  yields  transparent,  irregular,  six-sided  prisms,  at  first  tasteless, 
then  hot  and  bitter,  and  having  alkaline  reaction  on  test  paper.  It  dis- 
solves in  eight  parts  of  cold  water,  and  gives  out  ammonia  when  heated. 
(L.  Gmelin,  Handbuch.  Soubeiran,  Jour,  de  Pharni.^  xi.  34.  Arfwedson, 
Pogge?id.y  ii.  130.)  This  salt  contains 


Arfwedson.  L.  Gmelin. 

Ammonia  1 ....  17  ....  7'72  ....  7’0  ....  5*9 

Boracic  acid  4 ....  140  ....  G3’(».3  ....  G4’0  ....  G3‘4 

Water  7 ....  G3  ....  28-G5  ....  28-1  ....  30-7 


Qiiadriborate  of  ammonia....  1 220  100  00  lOO'O  lOO’O 

Chloride  of  Boron.  BC13.  Sir  II.  Davy  first  observed  the  com- 
bustion of  boron  in  chlorine,  and  afterwards  Berzelius  found  that  on 
passing  dry  chlorine  over  heated  boron,  or  over  a red-hot  mixture  of  dry 
boracic  acid  and  charcoal,  a permanent  gas  was  formed  which  might  be 
freed  from  chlorine  by  passing  it  through  mercuiy,  great  care  being  taken 
to  exclude  all  moisture.  (In  this  latter  case,  the  gaseous  chloride  of 
boron  is  mixed  with  carbonic  oxide.  B03  + 3C  -f-  3C1  — BCl3  -\-  3CO.) 
This  gas  has  a pungent  odor;  it  is  colorless,  fumes  in  contact  of  air,  is 
rapidly  absorbed  by  water,  soluble  in  alcohol,  and  forms  a liquid  com- 
pound with  ammonia.  (A?in.  of  Phil.^  xxvi.  129.)  Its  specific  gravity, 
according  to  Dumas,  is  3*942.  When  absorbed  by  w ater,  it  forms  boracic 
and  hydrochloric  acid.  It  consists  of 


Dumas. 

Boron  1 ....  11  ....  9.24  ....  9*29 

Chlorine  3 ....  108  ....  90*7G  ....  90'71 


Chloride  of  boron....  I 119  lOO'OO  109*00 

Iodide  and  Bromide  of  Boron  are  unknowm. 

Fluoride  of  Boron.  Fluoboric  Acid.  BFs.  In  the  hope  of  ob- 
taining anhydrous  fluoric  acid.  Gay  Lussac  and  Tlienard  heated  a mixture 
of  vitrified  boracic  acid  and  fluor-spar  to  whiteness  in  a gun-barrel;  the 
result  wms  not  as  they  had  anticipated,  but  a peculiar  gaseous  compound 
w'as  obtained,  to  wdiich  they  gave  the  name  of  fluoboric  acid,  and  blborate 
of  lime  remained  in  the  tube  (7B03  + 3CaF-3  [Ca0,2B03]  -f  BF3). 
(Mon.  d’ Arcueil,  ii.  317.)  Dr.  John  Davy  obtained  the  same  gas  by 
heating  in  a glass  retort,  over  a lamp,  a mixture  of  1 part  of  vitrified 
boracic  acid,  2 parts  of  finely-pownlered  fluor-spar  (fluoride  of  calcium), 
and  12  parts  of  sulphuric  acid  {Phil.  Trans.,  1812);  but  in  this  case  it 
is  generally  contaminated  by  fluosilicic  gas,  derived  from  the  glass.  It 
must  be  collected  over  dry  mercury. 

Fluoboric  gas,  according  to  Dr.  Davy,  has  a specific  gravity  z=:  2*371, 
according  to  Dumas  = 2*31 ; it  is  colorless,  of  a pungent  odor,  highly 
deleterious  to  respiration,  and  extinguishes  flame.  It  strongly  reddens 
litmus;  and  wdien  bubbles  of  it  are  allow'ed  to  escape  into  the  air,  they 
produce  a remarkably  dense  and  wdiite  fume,  in  consequence  of  their 
eager  attraction  for,  and  combination  with,  aerial  moisture.  Water  takes 
up  700  times  its  volume  of  the  gas,  increasing  in  volume  and  densi^. 
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and  forming  a caustic  and  fuming  solution,  in  which  Berzelius  found 
boracic  and  hydrofluoric  acids  in  combination,  {horohydrojiuoric  acid:')  it 
would  seem,  therefore,  that  fluoboric  gas  decomposes  water,  and  that  the 
hydrogen  of  the  water  unites  to  the  fluorine  to  form  hydrofluoric  acid, 
and  the  oxygen  to  the  boron,  to  form  boracic  acid,  BFs  + 3HO  :=  SHF 
4-  BO3.  When  the  solution  is  concentrated,  the  hydrofluoric  and  boracic 
acids  again  decompose  each  other,  and  the  original  compound  is  repro- 
duced. Neither  the  gas  nor  the  liquid  acid  act  upon  glass,  but  they 
speedily  decompose  almost  all  organic  substances:  a piece  of  paper  intro- 
duced into  the  gas  standing  in  a tall  jar  over  mercury,  causes  its  rapid 
absorption,  and  becomes  charred  as  if  burned,  in  consequence  of  the 
abstraction  of  the  elements  of  water.  When  potassium  is  heated  in  fluo- 
boric gas,  it  burns,  and  a brown  compound  results,  consisting  of  boron 
and  fluoride  of  potassium:  the  latter  may  be  dissolved  in  water,  and 
pure  boron  remains.  Regarding  fluoboric  gas  as  a binary  compound,  it 
consists  of 


Boron 

..  1 .... 

....  11  ... 

16*17  .. 

Berzelius, 
16*24 

Fluorine 

..  3 .. 

....  57  , 

83*83  ,, 

83*76 

Fhioboron  .. 

..  i 

fJ8 

100*00 

100*00 

Fluoborates  of  Ammonia.  If  one  measure  of  fluoboric  gas  be 
admitted  to  one  of  ammonia,  in  a jar  over  mercury,  complete  condensa- 
tion ensues,  and  a white  opaque  solid  results,  which  sublimes  without 
decomposition  when  gently  heated,  and  which,  in  the  presence  of  water, 
affords  hydrofluate  and  borate  of  ammonia.  When  1 volume  of  fluoboric 
gas  is  mixed  with  2 volumes  of  ammoniacal  gas,  they  condense  into  a 
transparent  liquid,  which,  when  heated,  or  exposed  to  the  air,  loses  half 
its  ammonia,  and  passes  into  the  solid  compound.  I volume  of  fluoboric 
gas  and  3 of  ammonia  also  become  condensed  into  a liquid  resembling  the 
preceding.  (J.  Davy.)  The  relation  of  the  atomic  weight  to  the  volume 
of  fluoboric  gas  has  not  been  satisfactorily  determined,  nor  have  the  gene- 
ral characters  of  these  compounds  been  adequately  examined;  so  that  we 
are  unable  accurately  to  determine  their  atomic  constitution:  they  are 
generally  represented  as  NH3,BF3;  2NH3,BF3;  and  3NH3,BF3. 

Boron  and  Nitrogen.  AEthogen.  By  heating  a mixture  of  boracic 
acid  and  mellone,  or  of  58  cyanide  of  mercury,  5 sulphur,  and  7 dry 
boracic  acid,  a compound  is  produced,  according  to  Balmain,  of  nitrogen 
and  boron:  it  attracts  moisture  and  forms  ammonia  by  exposure  to  air. 
It  combines  with  metals,  forming  compounds  remarkable  for  luminosity 
before  the  blowpipe.  (Phil.  Mag..,  July,  1842,  and  Mem.  Chem.  Soc., 
i.  149.) 

SuLPHURET  OF  Boron.  When  boron  is  strongly  heated  in  sulphur 
vapor,  it  burns  and  produces  an  opaque  white  compound,  which  by  the 
contact  of  water  yields  boracic  acid  and  sulphuretted  hydrogen.  (Ber- 
zelius.) 
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Such  are  the  general  properties  of  the  simple  non-metallic  substances, 
and  of  their  mutual  combinations;  they  have  been  described  in  the  order 
suggested  at  page  262,  and  I trust  that  the  principles  of  nomenclature 
there  adverted  to  will  now  he  intelligible,  and  that  the  arrangement, 
adopted  in  respect  to  them  and  their  compounds,  will  be  found  sufficiently 
perspicuous  and  convenient  to  justify  the  application  of  a similar  method 
to  the  metals^  and  to  the  combinations  which  they  form  with  the  bodies 
described  in  this  chapter.  I have  already  observed,  that,  strictly  speak- 
ing, the  basis  of  Silica,  under  the  name  of  silicon^  should  have  been  placed 
among  the  non-metallic  elements,  and  that  the  analogies  which  it  bears 
to  boron  are  such,  as  to  justify  its  dismissal  from  the  metals:  but  others 
of  its  characters  have  been  but  imperfectly  examined;  and,  if  general 
analogies  are  made  the  basis  of  our  arrangements,  it  would  not  be  difficult 
to  show  that,  in  many  other  cases,  the  line  of  demarcation  between  the 
non-metallic  and  metallic  bodies  is  so  indistinct,  as  to  render  it  probable 
that  they  may  gradually  merge  into  each  other,  and  that  the  distinctive 
characters  by  which  it  has  been  attempted  to  separate  them,  are  not  well- 
founded:  these  matters  will  be  more  evident  when  the  individual  metals 
are  examined;  thus,  the  striking  analogy  that  subsists  between  sulphur 
and  arsenic,  tellurium  and  selenium,  is  such  as,  on  many  points,  closely 
to  approximate  those  substances:  and  some  of  the  other  acidifiable  metals 
are,  by  a similar  analogy,  related  to  arsenic;  and,  on  the  other  hand, 
carbon  approximates  so  closely  in  certain  of  its  characters,  to  those  con- 
sidered appropriate  to  the  metals,  as,  in  the  opinion  of  some,  to  justify 
its  being  placed  among  them : and  the  claims  of  hydrogen  to  rank  as  a 
gaseous  metal,  are  by  no  means  inconsiderable.  In  short,  the  more  we 
examine  into  the  details  of  our  artificial  arrangements,  the  less  con- 
sistent do  we  in  general  find  them  with  nature;  so  that  they  should 
always  be  regarded  as  merely  tending  to  the  convenience  of  description 
and  discussion,  and  not  as  possessing  any  weightier  claims  upon  our  consi- 
deration. Hence,  I have  not  thought  it  worth  adverting,  in  detail,  to  the 
opinions  of  contemporary  writers  upon  this  subject,  or  enumerating  the 
grounds  upon  which  they  have  contrived  plausibly  to  arrange  the  subjects 
of  chemistry  in  an  order  extremely  at  variance  with  that  which  is  here 
adopted.  To  describe  those  substances  first,  which,  in  the  common 
acceptation  of  the  term,  are  most  important,  which  are  of  most  frequent 
occurrence,  and  most  influential  in  the  majority  of  chemical  phenomena, 
and  to  associate  the  description  of  compounds  with  those  of  their  ele- 
ments, seems  to  me  to  be  the  system  which  least  perplexes  the  student, 
and  is,  therefore,  that  upon  Avhich  the  preceding  and  succeeding  portions 
of  this  work  are  founded. 
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Chapter  VI. 


OF  THE  METALS,  AND  THEIR  COMBINATIONS. 


The  metals  constitute  a numerous  and  important  class  of  simple  sub- 
stances. They  are  forty-three  in  number,  and  are  enumerated  in  the  fol- 
lowing table,  with  their  equivalent  numbers  and  symbols  annexed. 


liquiv. 

Symbol. 

Equiv. 

Symbol 

1.  Gold  

200 

All 

23.  Palladium  

54 

Pd 

2.  Silver  

108 

Ag 

24.  llhodium 

52 

R 

3.  Copper 

32 

Cu 

25.  Iridium  

00 

Ir 

4.  Iron 

28 

Fe 

2G.  Osmium  

100 

Os 

5.  Mercury  

100 

IIo- 

27.  Cerium  

4G 

Ce 

C.  Tin  

50 

Sn 

28.  Potassium  

40 

K 

7.  Lead  

104 

PI 

20.  Sodium  

24 

Na 

8.  Zinc 

32 

Zn 

30.  Litliium  

7 

L 

8.  Bismuth  

213 

Bi 

31.  Barium  

GO 

Ba 

10.  Antimony  

120 

Sb 

32.  Calcium  

20 

Ca 

1 1 . Arsenic  

As 

33.  Strontium  

44 

Sr 

12.  Cobalt 

30 

Co 

34.  ^Magnesium 

12 

Alg 

13.  Platinum  

00 

PI 

35.  Silicium  

15 

Si 

14.  Nickel 

28 

Ni 

36.  Aluminum  

14 

A1 

15.  ISIanganese  

28 

Mil 

37.  Yttrium  

32 

IG.  Tum^sten 

100 

AV 

38.  Glucinum  

5 

G 

17.  Tellurium  

64 

Te 

30.  Zirconium  

23 

Zr 

18.  INIolybdenum  

48 

iAIo 

40.  Cadmium 

56 

Cd 

10.  Uranium 

GO 

U 

41.  Thorium  

GO 

Th 

20.  Titanium 

24 

Ti 

42.  Vanadium  

G8 

A^ 

21.  Chromium  ..' 

28 

Cr 

43.  Lantanum  

44 

La 

22.  Columbium 

185 

Ta 

Of  these  metals  the  first  seven  were  knowai  in  very  remote 

ages. 

The 

ancients  designated  them  by  the  names  of  the  planets,  to  which  they 
were  supposed  to  have  some  mysterious  relation ; and  each  w\as  denoted 
by  a particular  symbol,  representing  both  the  metal  and  the  planet.  (In 
respect  to  the  origin  and  application  of  these  symbols,  see  Beckmanns 
Ilisiorij  of  Inventions.) 

Gold  was  the  Sun,  and  was  thus  represented  0 


Silver  „ Moon  „ ]) 

Mercury  ,,  Mercury  „ ^ 

Copper  „ Voius  ,,  Q 

Iron  „ JSIars  ,,  ^ 

Tin  „ Jupiter  „ 2/ 

Lead  „ Saturn  „ To 


Zinc  w^as  not  known  to  the  ancients,  though  they  WTre  probably 
acquainted  with  its  ores,  and  w ith  their  property  of  forming  brass  when 
fused  with  copper.  (Pliny,  lib.  xxxiv.,  cap.  2 and  10.)  The  w'ord  Zinc 
first  occurs  in  the  wudtings  of  Paracelsus,  who  died  in  1541.  Bismuth 
is  mentioned  in  the  llermannus  of  Agricola,  waitten  about  1530.  Anti- 
mony w^as  first  obtained  in  its  pure  state  by  Basil  Valentine  tow^ards  the 
end  of  the  fifteenth  century  j it  is  described  in  his  Currus  Trinmphalis 
A^ol.  II.  2 N 
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Antimonii.  Arsenic  and  Cobalt  were  discovered  by  Brandt  in  1733 
{Acta  Vpsal.y  1733  and  1742);  the  ores  were  known  at  a much  earlier 
period.  Platinum  was  first  recognised  as  a peculiar  body  in  1741,  by 
Mr.  Charles  Wood,  Assay-Master  in  Jamaica.  (Phil.  Trails.^  vol.  xLiv.) 
In  1751,  the  distinctive  characters  of  Nickel  were  shown  by  Cronstedt 
(^Stockhobn  Transactions)^  and  Manganese  was  obtained  by  Gahn  in 
1774  (Bergman’s  Opiiscula^  vol.  ii.)  Tungsten  was  discovered  by  MM. 
Delhuyart,  in  1781  {Memoir es  de  Toulouse).  Tellurium  and  Molyb- 
denum by  Muller  and  Hielm,  in  1782  (Crell’s  Annals.^  1790  and  1798). 
Uranium  by  Klaproth  in  1789.  Titanium  by  Gregor,  in  1789  {Jour,  de 
Phys..,  xxxix.)  Chromium  by  Vauquelin,  in  1797  {Ann.  de  Ch.^  vol. 
XXV.)  In  1802,  Hatchett  discovered  Columbium.  [Phil.  Trans.)  Pal- 
ladium and  Rhodium  were  discovered  by  Wollaston;  and  Iridium  and 
Osmium  by  Tennant,  all  in  1803.  {Phil.  Trans.)  Cerium  was  announced 
in  1804,  by  Hisinger  and  Berzelius.  (Gehlen’s  Journal.,  ii.)  Potassium 
and  Sodium  were  discovered  in  1807,  by  Davy,  whose  experiments  also 
led  to  the  discovery  of  the  metallic  nature  of  the  ten  following  bodies. 
{Phil.  Trans.)  Stromeyer  discovered  Cadmium  in  1818  {Ann.  of  Phil. ^ 
xiii.)  Thorium  was  discovered  by  Berzelius  in  1829  {Poggend.  Ann.., 
xvi.).  Vanadium  by  Seftstrbmin  1830  {Ann.  Ch.  et  Ph..,  xLvi.),  andLan- 
tanum  by  Mosander,  in  1838.  {Poggend.,  xLvi.  648.) 

Metals  are  chiefly  found  in  the  earth  in  veins  which  traverse  the 
granitic,  schistose,  and  limestone  rocks;  they  also  occur,  although  com- 
paratively rarely,  in  rounded  and  detached  fragments  and  nodules,  disse- 
minated through  certain  alluvial  and  diluvial  strata.  They  seldom  occur 
in  an  uncombined  state,  but  almost  always  united  to  other  substances,  as 
in  the  following  classes: 

i.  Native  melals  are  those  which  occur  pure  or  alloyed,  such  as  pla- 
tinum, rhodium,  iridium,  osmium,  gold,  silver,  mercury,  copper,  antimony, 
arsenic,  and  tellurium. 

ii.  Metals  combined  with  simple  non-metallic  substances.  The  com- 
pounds belonging  to  this  class  are  the  native  metallic  oxides,  and  native 
chlo7'ides;  iodides  and  bro7nides  are  extremely  rare ; and  there  are  few 
fuorides.  The  7iative  metallic  S7dphurets  are  a numerous  and  important 
series  of  ores.  The  sele7iiurets  are  rare.  There  are  no  native  carbui’ets, 
hydrurets,  phosphurets,  nor  borurets. 

iii.  Metals  in  combmation  7vith  acids ; Metallic  Salts.  Of  these  the 
most  common  are  the  native  ca7'bo7iates,  sulphates,  and  phosphates ; there 
are  a few  native  borates ; and  a few  species  belong  also  to  this  class  in 
which  the  oxide  is  united  to  a 7netallic  acid : such  as  the  native  arseniates, 
chro7nates,  timgstates,  77iolybdates,  and  va7iadiates. 

Properties  of  the  Metals.  Opacity,  Lustre,  &:c.  The  metals,  as 
a class,  are  characterized  by  opacity,  and  a peculiar  lustre.  Their  opacity 
is  such,  that  even  when  extended  into  very  thin  leaves,  they  generally 
transmit  no  light;  silver  leaf,  only  one  one-hundred-thousandth  of  an 
inch  in  thickness,  is  perfectly  opaque.  Gold,  however,  when  beaten  out 
into  leaves  one  two-hundred-thousandth  of  an  inch  in  thickness,  transmits 
green  rays  of  light;  very  thin  films  of  some  other  metals  also  transmit 
certain  rays  of  light,  and  the  alloy  of  gold  and  silver  transmits  under 
similar  circumstances,  blue  rays.  Their  lustre  depends  upon  their  great 
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power  of  reflecting  light,  in  consequence  of  their  opacity.  They  are 
excellent  conductors  of  heat  and  of  electricity,  (see  pages  52,  150,  and 
211,)  and  are  cations,  or  electropositive  bodies;  that  is,  Avhen  their  com- 
pounds are  decomposed  by  the  electric  current,  they  are  given  off  at  the 
cathode,  or  negative  electrode.  (See  p.  221.) 

The  polished  metals  are  very  imperfect  radiators  and  receivers  of  heat 
(page  114) ; but  they  are  excellent  reflectors  both  of  light  and  heat  (page 
106),  and  hence  their  peculiar  fitness  for  the  construction  of  mirrors. 

Whenever  the  polish  of  the  metallic  surface  is  impaired,  its  power  of 
reflecting  heat  suffers  a proportionate  diminution,  while  its  power  of 
absorbing,  and  also  of  radiating  heat,  is  proportionably  increased.  (See 
page  106.) 

Crystallization.  Metals  are  susceptible  of  assuming  the  crystalline 
form.  With  many  this  may  be  effected  by  fusion  and  slow  cooling,  and 
especially  by  suffering  a ladle,  or  crucible,  filled  with  the  melted  metal,  to 
concrete  externally,  and  then  perforating  the  solid  crust,  and  pouring  out 
the  liquid  interior;  the  cavity  so  formed  will  then  be  lined  with  crystals: 
this  mode  of  proceeding  answers  extremely  well  with  bismuth,  which 
furnishes  a singular  congeries  of  cubic  crystals,  (p.  8.)  When  the  metals 
are  precipitated  by  each  other,  they  often  crystallize  during  their  depo- 
sition, as  is  seen  in  the  precipitation  of  silver  by  mercury,  and  in  that 
of  lead  by  zinc.  A stick  of  phosphorus  immersed  in  a solution  of  silver 
becomes  incrusted  with  beautiful  metallic  crystals,  which,  after  some 
time,  perfectly  encase  the  phosphorus.  Gold  is  occasionally  deposited  in  a 
crystalline  form,  from  its  ethereal  solutions.  Some  curious  facts  relating 
to  this  subject,  will  be  found  in  a paper  by  Professor  Haniell,  On  cer- 
tain phenomena  resulting  from  the  action  of  Mercury  upon  different 
IMetals.”  i^Royal  Inst.  Journal.^  i.  1.)  During  the  electrolysis  of  metallic 
solutions,  especially  where  low  powers  are  employed,  beautiful  metallic 
crystals  are  also  occasionally  obtained. 

Specific  Gravity.  There  is  the  greatest  difference  in  the  specific 
gravity  of  the  different  metals,  the  heaviest  and  lightest  solids  being 
included  in  the  list.  Their  specific  gravity  is  also  in  some  instances  a 
little  increased  by  hammering,  rolling,  and  some  other  mechanical  pro- 
cesses by  which  they  are  permanently  compressed.  The  principal  metals, 
arranged  according  to  their  specific  gravities,  stand  as  follow.  (Temp. 
60°,  Water  = I’OOO.)  The  variations  to  which  their  densities  are  liable 
are  stated  under  the  individual  metals. 


Platinum  .... 

....  20*98 

Uranium 

. 9*00 

Zinc  

. 7*00 

Gold  

....  19*258 

Copper  

. 8*89 

Manganese  .. 

. 6*85 

Iridium  

....  18*880 

Cadmium  

. 8*60 

Antimony 

. 6*70 

Tungsten’  .... 

....  17*50 

Cobalt 

. 8*53 

Tellurium 

. 6*10 

IMercury 

....  13*568 

Nickel 

. 8*27 

Arsenic 

. 5*8 

Palladium  .... 

....  11*80 

Iron  

. 7-78 

Titanium  

..  5*3 

Lead  

....  11*35 

ISIolybdenum  ... 

. 7*40 

Sodium 

..  0*972 

Silver 

Bismuth 

....  10*47 
....  9-80 

Tin 

7*30 

Potassium 

. 0*865 

Malleability.  Among  the  metals,  some  are  malleable,  others  brittle  ; 
hence  the  ancient  division  into  perfect  and  semi-metals.  Common  gold- 
leaf  is  not  more  than  thickness,  and  five  grains 

are  sufficient  to  cover  a surface  of  more  than  270  square  inches.  This 
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capacity  of  being  extended  by  tlie  liammer,  belongs  to  the  following 
metals: 

Gold  Tin  Lead  Nickel  Sodium 

Silver  Cadmium  Zinc  Palladium  Frozen  Mercury. 

Copper  Platinum  Ij’on  Potassium 

B ucl'ility.  The  malleable  metals  are  also  ductile;  that  is,  they  admit 
of  being  drawn  out  into  wires.  Silver,  for  the  purposes  of  embroidery, 
is  commonly  drawn  down  to  wire  of  1 -500th  of  an  inch  in  thickness.  A 
grain  of  gold  may  be  drawn  into  500  feet  of  wire;  by  enveloping  it  in 
silver.  Dr.  Wollaston  found  that  it  might  be  so  extended,  as  that  550  feet 
'weighed  only  one  grain;  its  thickness,  therefore,  not  exceeding  l-5000th 
of  an  inch.  The  coating  of  silver  'svas  removed  by  dilute  nitric  acid.  In 
the  same  'way  he  produced  platinum  'wire  of  a diameter  not  exceeding 
l-30000th  of  an  inch  in  thickness.  {Phil.  Trans. 1813,  p.  114.)  The 
following  metals  are  arranged  according  to  their  ductility: 

Gold  Iron  Tin  Palladium 

Silver  Copper  Lead  Cadmium. 

Platinum  Zinc  Nickel 


Tenacity.  Different  metallic  'svires  are  possessed  of  different  degrees 
of  tenacity.,  by  'which  is  meant  the  po’w^er  of  supporting  a weight  without 
breaking.  According  to  the  experiments  of  Guyton  Morveau,  the  fol- 
lowing are  the  weights  sustained  by  wires  0*787  of  a line  in  diameter 
{Ann.  Ch.  et  Ph.,  Lxxi.) : 


lbs.  dec. 


lbs.  dee. 


avoir,  parts. 

A wire  of  iron  supports  ....  549*250 

„ copper 302*278 

„ platinum 274*320 

,,  silver  187*137 


avoir,  parts. 


A wire  of  gold  supports.... 

150*753 

„ zinc 

109*540 

tin  

34*630 

„ lead  

27*621 

Baudrimont  found  the  tenacity  of  metals  greatly  diminished  by  the 
process  of  annealing:  thus  a wire  of  soft  iron,  'which  sustained  a weight 
of  261bs.,  only  sustained  121bs.  after  having  been  annealed;  and  one  of 
cojiper,  -which  sustained  22lbs.  before  annealing,  was  brolcen  by  91bs.  after 
annealing.  {A?i?i.  Ch.  et  Ph.^  lx.  78.) 

Brittleness.  The  following  metals  are  brittle,  and  most  of  them  may 
even  be  reduced  to  powder: 

Antimony  Cerium  Columbium  Tellurium  Uranium 

Arsenic  Chromium  Manganese  Titanium  Rhodium. 

Bismuth  Cobalt  Molybdenum  Tungsten 


Hardness.  Few  of  the  metals,  when  pure,  are  very  hard.,  and  many 
so  soft  as  to  yield  to  the  nail.  In  the  following*  table,  some  of  the  metals 
are  arranged  in  the  order  of  their  hardness.  (Dumas.) 


Titanium  | 

Manganese  j 

Platinum 

Palladium 

Copper 

Gold 

Silver 

Tellurium 

Bismuth 

Cadmium 

Tin  J 


Harder  than  steel. 


Scratched  by  calc- 
spar. 


Chromium 

Rhodium 

Nickel 

Cobalt 

Iron 

Antimony 

Zinc 

Lead 

Potassium 

Sodium 

jNIercury 


I Scratch  glass. 

I Scratched  by  glass. 

Scratched  by  the  nail. 
I Soft  as  wax  (at  60°) 
Liquid. 
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Elasticity  and  sonorousness  belong  to  the  hardest  metals  only,  and 
are  most  evident  in  certain  alloys.  (On  the  influence  of  temperature 
on  the  elasticity  of  metals,  see  Wertiieim,  Ann.  Ch.  et  Vh..^  Septembre, 
1845.) 

Odor  and  Taste,  There  are  several  of  the  metals  •which  have  a 
peculiar  odor,  especially  -when  they  are  rubbed,  or  their  temperature 
otherwise  slightly  elevated;  this  is  more  especially  the  case  •with  copper, 
iron,  and  tin.  It  has  been  supposed  that  these  metals  owe  their  smell 
and  taste  to  some  foreign  matter,  and  possibly  electricity  and  moisture 
may  be  concerned ; yet  many  of  the  most  oxidable  metals  are  entirely 
destitute  both  of  taste  and  odor. 

Fusibility.  The  metals  are  all  susceptible  of  fusion  by  heat,  but  the 
temperatures  at  which  they  liquify  are  extremely  various.  Mercury  is 
fluid  at  common  temperatures,  and  requires  to  be  cooled  to  — 39°  before 
it  congeals.  Potassium  melts  at  about  136°,  and  sodium  at  190°;  tin  at 
442°;  lead  at  612°;  zinc  at  770°;  and  antimony  at  about  850°.  Silver, 
gold,  and  copper,  require  a bright  cherry  red  heat ; iron,  nickel,  and 
cobalt,  a white  heat;  manganese  and  palladium,  an  intense  white  heat  ; 
molybdenum,  uranium,  tungsten,  and  chromium,  are  only  very  imperfectly 
agglutinated  at  the  highest  temperatures  of  our  furnaces  ; and  titanium, 
cerium,  osmium,  iridium,  rhodium,  platinum,  and  columbiura,  require  the 
intense  heat  produced  by  an  inflamed  current  of  oxygen  and  hydrogen,  or 
that  of  Voltaic  electricity.  Arsenic  volatilizes  before  it  fuses ; but  in 
general,  at  higher  temperatures  than  that  required  for  their  fusion,  the 
metals  are  volatile,  and  many  of  them  may  be  distilled  in  close  vessels. 
Mercury  is  volatile  at  common  temperatures,  or  at  least  when  above  40°, 
a piece  of  gold  leaf  suspended  over  it  becomes  slowly  whitened;  cadmium, 
arsenic,  potassium,  sodium,  tellurium,  and  zinc,  are  volatile  at  a red  heat. 
Gold  and  silver  are  converted  into  vapor  when  exposed  to  the  intense 
heat  of  the  focus  of  a burning  lens;  and  several  of  the  other  metals  boil 
and  evaporate  under  similar  circumstances. 

In  the  following  table  the  metals  are  arranged  in  the  order  of  fusibi- 
lity. (Turner,  Elements  of  C hem.) 


Fusible 
below 
a red 
lieat. 


Infusible 
below 
a red 
heat. 


Fahrenheit. 

/^Mercury  —30° 

rotassium 136°  ) 

Sodium 100°  j 

Till  442° 

Cadmium  450° 

Bismuth  407°  1 

Lead  612°  J 

Tellurium  : rather  less  fusible  than  lead 
Arsenic,  undetermined. 

Zinc  773° 

, Antimony,  little  beloAv  redness. 

( Silver 1873°  "l 

Copper  1006°  i 

Gold  2016°  J 

Cobalt;  rather  less  fusible  than  iron. 

Iron,  Cast  2786° 

Iron,  malleable) require  the  highest  heat 
Manganese  j of  a smith’s  forge. 

^^Nickel,  nearly  the  same  as  cobalt. 


Different  Chemists. 
Gay  Lussac  and 
Thenard. 
Crichton. 
Stromeyer. 

Crichton. 

Klaproth. 

Daniell. 


Daniell. 


Daniell. 


536 


GENERAL  PROPERTIES  OF  THE  METALS. 


Infusible 
below 
a red 
heat. 


f Palladium  ^ 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
\ Cerium 
f Osmium 
I Iridium 
I Rhodium 
I Platinum 
\ Columbium  . 


Almost  infusible,  and  not  to  be  procured  in  buttons 
by  the  heat  of  a smith’s  forge,  but  fusible  before 
the  oxyhydrogen  blowpipe. 


312 


Use  of  the  Blowpipe.  In  the  examination  of  the  effects  of  heat 
and  air  upon  metallic  and  mineral  substances,  the  hlow-jnpe  is  a most 
useful  and  necessary  auxiliary  to  our  other  operations^  it  affoids  a simple 

and  convenient  means  of  heating  to  a very  high  degree, 
and  almost  instantaneously,  any  substance  sufficiently 
small  to  he  enveloped  in  its  flame ; and  the  experi- 
enced eye  is  thus  frequently  enabled  to  anticipate,  with 
much  precision,  the  nature  of  the  substance  submitted 
to  experiment.  There  are  numerous  forms  of  the  blow- 
pipe, among  which,  that  represented  in  fig.  312  is  per- 
haps the  most  convenient.  It  consists  of  a brass  tube 
r/,  with  an  ivory  mouth-piece  h ; the  other  end  of  the 
tube  terminates  in  a circular  box,  from  which  issues 
the  small  tube  d,  moveable  in  any  direction  round  the 
centre  c,  by  which  any  degree  of  obliquity  may  con- 
veniently he  given  to  the  flame;  e is  a brass  jet  which 
fits  upon  the  tube  d. 

The  following  observations  respecting  the  use  of  the 
blow- pipe,  and  its  action  upon  several  substances,  are 
extracted  from  Children’s  Essay  on  Chemical  Analysis ; 
a work  from  which  the  student  may  derive  much  valu- 
able information.  (See  also  Parnell,  Elements  of  Ch. 
Anal.^  p.  93.) 

A continued  stream  of  air  is  absolutely  essential, 
to  produce  which,  without  fatigue  to  the  lungs,  an 
equable  and  uninterrupted  inspiration  must  he  main- 
tained by  inhaling  air  through  the  nostrils,  whilst  that 
in  the  mouth  is  forced  through  the  tube  by  the  com- 
pression of  the  cheeks.  A little  practice  will  make 
this  operation  easy,  but  at  first  considerable  lassitude 
is  generally  experienced  in  the  buccinator  muscles. 
(Upon  this  subject,  see  Faraday’s  Manipulation^  s.  iv.) 
After  habit  has  rendered  the  operation  familiar,  a cur- 
rent may  be  kept  up  for  ten  or  fifteen  minutes,  without 
inconvenience.  A large  wax-candle  supplies  the  best 
flame,  which  being  urged  by  the  blast,  exhibits  two 
distinct  figures;  the  internal  flame  is  conical,  blue,  and 
Avell  defined,  at  the  apex  of  which,  the  most  violent 
degree  of  heat  is  excited : the  external  is  red,  vague, 
and  undetermined,  and  of  very  inferior  temperature  to 
the  former. 
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The  substance  to  be  submitted  to  the  action  of  the  blow-pipe,  wliicb 
should  not  be  larger  than  a small  pepper-corn,  must  be  supported  either 
on  charcoal,  or  a slip  of  platinum  or  silver  foil,  or  be  held  in  a pair  of 
platinum  pincers.  In  the  first  case  it  may  be  placed  in  a cavity  in  the 
charcoal,  and  another  piece  laid  over  it  to  prevent  its  being  carried  off  by 
the  blast.  The  metallic  supports  are  used  w'hen  the  subject  of  the  expe- 
riment is  intended  to  be  exposed  to  the  action  of  heat  only,  and  might  be 
altered  by  contact  Avith  the  charcoal.  If  a very  intense  heat  be  required, 

the  foil  mav  be  laid  on  charcoal.  Salts  and  volatile  substances  are  to  be 

«/ 

heated  in  glass  tubes,  closed  at  one  end,  and  enlarged  according  to  cir- 
cumstances, so  as  to  form  small  matrasses. 

The  exterior  flame  should  first  be  directed  on  the  substance,  and  when 
its  action  is  known,  then  the  interior  blue  flame.  Notice  should  be  taken, 
Avhether  the  matter  decrepitates,  splits,  SAvells  up,  liquifies,  boils,  vegetates, 
changes  color,  smokes,  is  inflamed,  becomes  obedient  to  the  magnet,  &c. ; 
Avhen  the  action  of  heat  alone  has  been  ascertained,  it  Avill  be  necessary 
to  examine  wdiat  further  change  takes  place,  by  fusing  it  Avith  various 
fluxes,  and  also  AA^hether  it  be  capable  of  reduction  to  the  metallic  state. 

The  three  most  useful  fluxes  are,  the  triple  phosphate  of  soda  and 
ammonia,  carbonate  of  soda,  and  borax.  These  are  to  be  kept  ready 
pulverized,  and  Avhen  used,  a sufficient  quantity  may  be  taken  up  by  the 
moistened  point  of  a knife;  the  moisture  causes  the  particles  to  cohere, 
and  prevents  their  being  bloAvn  aAvay,  Avhen  placed  on  the  charcoal.  The 
flux  must  be  melted  into  a clear  bead,  and  the  substance  then  placed  on 
it,  and  submitted,  first  to  the  action  of  the  exterior,  and  then  to  that  of 
the  interior  flame.  The  appearances  Avhich  ensue  must  be  observed ; as, 
1st.  If  the  substance  be  dissolved,  and  AA'hether  Avith  or  Avithout  efferves- 
cence. 2nd.  The  transparency,  and  color  of  the  glass  Avhilst  cooling. 
3rd.  The  same  circumstances  Avhen  cold.  4th.  The  nature  of  the  glass 
formed  by  the  exterior  flame.  5th.  Also  by  the  interior  flame.  6th.  The 
particular  appearances  with  each  of  the  fluxes. 

Carbonate  of  soda  does  not  form  a bead  on  charcoal,  but  Avith  a cer- 
tain degree  of  heat  is  absorbed ; it  must  therefore  be  added  in  very  small 
quantities,  and  a gentle  heat  used  at  first,  Avhich  aauII  promote  combina- 
tion Avithout  the  absorption  of  the  alkali.  Some  minerals  combine 
readily  Avith  very  small  portions  of  soda,  but  difficultly  if  more  be  added, 
and  are  absolutely  infusible  Avith  it  in  great  excess ; and  Avhen  the  sub- 
stance has  no  affinity  for  this  flux,  it  is  absorbed  by  the  charcoal,  and  no 
combination  ensues.  When  the  mineral  contains  sulphur  or  sulphuric 
acid,  the  glass  acquires  a deep-yelloAV  color,  Avhich  by  the  light  of  a lamp 
appears  red,  as  if  produced  by  copper.  If  the  glass  bead  become  opaque 
as  it  cools,  so  as  to  render  the  color  indistinct,  it  should  be  broken,  and  a 
part  of  it  mixed  Avith  more  of  the  flux,  till  the  color  becomes  purer,  and 
distinct.  To  make  the  color  more  perceptible,  the  bead  may  be  flattened 
AAffiilst  soft,  or  draAvn  out  to  a thread. 

If  it  be  Avished  to  oxidate  a metallic  substance,  combined  Avith  either 
of  the  fluxes,  the  glass  is  first  heated  intensely,  and  AAffien  fused,  gradually 
AvithdraAvn  from  the  point  of  the  blue  flame,  and  the  operation  repeated 
as  often  necessary,  using  a jet  of  large  aperture.  The  addition  of  a little 
nitre  also  assists  the  oxidation.  For  the  reduction  of  metallic  oxides,  the 
glass  bead  is  to  be  kept  in  fusion  on  charcoal,  as  long  as  it  remains  on  the 
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surface,  and  is  not  absorbed,  that  the  metallic  particles  may  collect  into  a 
globule.  It  is  then  to  be  fused  with  an  additional  quantity  of  soda,  which 
will  be  absorbed  by  the  charcoal,  and  the  spot  where  the  absorption  has 
taken  place  strongly  ignited  by  a tube  with  a small  aperture.  By  con- 
tinuing the  ignition,  the  portion  of  metal  which  was  not  previously 
reduced  will  now  be  brought  to  the  metallic  state,  and  the  process  may  be 
assisted  by  placing  the  bead  in  a smoky  flame,  so  as  to  cover  it  with  a 
soot  that  is  not  easily  blown  off. 

The  beads  which  contain  metals  frequently  have  a metallic  splendor, 
which  is  most  easily  produced  by  a gentle,  fluttering,  smoky  flame,  when 
the  more  intense  heat  has  ceased.  With  a moderate  heat  the  metallic 
surface  remains ; and  by  a little  practice  it  may  generally  be  known 
whether  the  substance  under  examination  contains  a metal  or  not.  But 
the  glass  of  borax  alone  sometimes  assumes  externally  a metallic  appear- 
ance. When  the  charcoal  is  cold,  that  part  impregnated  with  the  fused 
mass  should  be  taken  out  Avith  a knife,  and  ground  Avith  distilled  Avater 
in  an  agate  mortar.  The  soda  Avill  be  dissolved;  the  charcoal  Avill  float, 
and  may  be  poured  off : and  the  metallic  particles  Avill  remain  in  the  AAater, 
and  may  be  examined.  In  this  manner  most  of  the  metals  may  be  reduced. 

Action  of  Oxygen.  When  the  metals  are  exposed  at  ordinary  tem- 
peratures to  the  action  of  oxygen,  or  of  common  air,  Avhich  produces 
analogous,  though  less  poAverful  effects,  they  are  very  differently  affected. 
If  the  gas  be  perfectly  dry,  fcAV  of  them  suffer  any  change,  unless  heated 
in  it;  they  then  lose  their  metallic  characters,  and  form  an  important 
series  of  compounds,  the  metallic  oxides^  or  calces,  as  they  Avere  formerly 
termed,  and  the  term  calcination  is  synonymous  Avith  oxidisement  or 
oxidation.  A feAV  of  the  metals  resist  the  action  of  heat  and  air  so  com- 
pletely, that  they  may  be  kept  in  fusion  in  an  open  crucible  for  many 
hours  Avithout  undergoing  change.  This  is  the  case  Avith  platinum  and 
gold  ; hence  they  and  a feAV  others  Avere  called  noble  metals  : by  passing 
a strong  electric  discharge  through  them,  AAdien  draAVii  into  very  fine  Avire, 
they  are  reduced  to  the  state  of  impalpable  poAvder,  Avhich  is  sometimes 
regarded  as  an  oxide  ; but  the  appearance  ensues  in  hydrogen  as  Avell  as 
in  common  air,  and  the  oxides  of  those  metals  are  reducible  by  heat 
alone  : the  appearance,  therefore,  is  probably  referable  to  minute  mecha- 
nical division  only.  Other  metals  readily  absorb  oxygen  Avhen  exposed 
to  a temperature  approaching  a red  heat ; as  iron,  mercury,  nickel,  &c. ; 
others  absorb  it  when  in  fusion,  as  lead,  tin,  antimony,  &c.;  others  at 
lower,  or  even  at  common  temperatures,  as  arsenic,  manganese,  sodium, 
potassium,  &c.  The  mutual  action,  hoAvever,  of  metals  and  oxygen  is 
apparently  much  interfered  Avith  by  their  aggregation,  for  some  of  them, 
Avhich  under  ordinary  circumstances  are  only  sloAvly  oxidized  by  exposure 
to  air  and  heat,  are  rapidly  acted  on  Avhen  in  very  fine  mechanical  divi- 
sion, even  at  common  temperatures;  and  this  Avould  probably  be  found 
more  generally  the  case,  had  Ave  the  means  of  reducing  them  to  extremely 
fine  poAvder. 

Silver,  and  perhaps  one  or  tAVO  other  metals,  have  a peculiar  poAver  of 
absorbing  and  retaining  oxygen  at  high  temperatures  and  Avhen  in  fusion, 
Avithout  combining  Avith  it,  and  it  escapes  Avhen  the  fused  metal  solidifies. 
(See  Silver.) 
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I The  different  attractive  powers  of  the  metals  in  regard  to  oxygen  is 
shown  by  the  circumstance  of  one  metal  being  oxidized  at  the  expense 
of  another  : thus  the  oxide  of  mercury,  heated  with  metallic  iron,  pro- 
3 duces  metallic  mercury  and  oxide  of  iron;  potassium,  heated  with  oxide 
^ of  manganese,  becomes  oxidized,  and  metallic  manganese  is  obtained. 
1^  Upon  the  same  principle,  solutions  of  metallic  oxides  in  the  acids  may 
► often  be  reduced  to  the  metallic  state  by  the  immersion  of  other  metals: 

' mercury  thus  decomposes  nitrate  of  silver;  copper  decomposes  nitrate 
; of  mercury;  and  iron  decomposes  nitrate  of  copper.  In  these  cases  of 
i metallic  precipitation,  electricity  becomes  active  the  moment  that  the 
deposition  commences;  the  precipitating  or  reducing  metal  being  posi- 
tive, and  that  which  is  precipitated,  or  reduced,  negative.  Very  beau- 
tiful crystalline  deposits  may  thus  often  be  obtained,  as  where  silver  is 
precipitated  by  mercury,  and  lead  by  zinc.  Metals  which  are  in  this 
way  difficultly  thrown  down  from  their  solutions  in  acids,  are  sometimes 
easily  obtained  from  their  solutions  in  alkalis,  as  for  instance  tungsten 
and  tin. 

Many  of  the  metallic  oxides  are  reduced,  when  in  solution,  by  the 
protosalts  of  iron  and  tin,  which  by  abstracting  oxygen  pass  into  the 
state  of  persalts,  and  throw  down  the  reduced  metal  in  a pulverulent 
form.  The  protosalts  of  iron  are  in  these  cases  preferable  to  those  of 
tin,  inasmuch  as  the  resulting  peroxide  of  iron  is  generally  retained  in 
solution,  and  the  precipitated  metal  is  pure;  but  the  peroxide  of  tin 
often  falls  along  with  the  reduced  metal,  in  consequence  of  its  diffi- 
cult solubility  in  most  of  the  acids.  Other  compounds  having  high 
affinities  for  oxygen,  are  also  occasionally  resorted  to  as  deoxidizing 
agents,  such  as  sulphurous,  phosphorous,  and  formic  acids,  and  several 
of  their  salts;  and  also  certain  organic  substances. 

Some  of  the  oxides  are  decomposed  by  mere  exposure  to  heat,  as 
those  of  platinum,  gold,  silver,  and  mercury:  others  require  the  joint 
action  of  heat  and  some  substance  having  a high  attraction  for  oxygen, 
such  as  charcoal.  Thus  Avhen  oxide  of  lead  is  heated  with  charcoal, 
carbonic  acid  gas  is  evolved,  and  metallic  lead  obtained.  This  important 
process  is  termed  j'eductioji,  and  is  performed  in  various  ways,  as  will 
appear  by  reference  to  the  history  of  individual  metals.  The  reduction 
of  an  oxide  is  also  frequently  effected  by  passing  a current  of  dry  hydro- 
gen over  it  in  a heated  tube;  in  this  case  the  oxygen  is  carried  off  in  the 
form  of  water.  Sometimes  the  reduction  of  an  oxide  is  effected  by  the 
aid  of  another  metal  possessed  of  a very  superior  attraction  for  oxygen,  as 
' in  the  cases  cited  in  the  preceding  paragraph  : and  in  some  cases  compli- 
cated attractions  are  directed  to  the  process  of  reduction,  as  in  the  pro- 
duction of  potassium  by  the  action  of  red-hot  iron  upon  hydrate  of 
potassa. 

Electricity  is  an  all-powerful  agent  in  metallic  reduction,  and  capable, 
under  certain  circumstances,  of  overcoming  the  most  energetic  attractions. 
This  important  subject  has  been  discussed  and  illustrated  in  a former 
chapter  (p.  219). 

Some  of  the  metallic  combinations,  especially  those  of  gold,  are  redu- 
cible by  the  agency  of /ig/zZ  (p.  100);  the  salts  ol  silver  are  also  discolored 
or  partially  reduced  by  the  same  agency. 

The  oxidizement  of  a metal  is  an  essential  preliniinary  to  the  forma- 
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tion  of  its  oxy-salts,  or,  in  other  words,  to  its  combinations  with  oxy-acids; 
and  in  this  respect  common  chemical  nomenclature  is  inaccurate.  Thus 
we  speak  of  sulphate  of  copper^  nitrate  of  zinc^  &c.,  meaning  sulphate  of 
oxide  of  copper,  nitrate  of  oxide  of  zinc,  &c.  This  ambiguity  is  prevented 
with  respect  to  the  alkalis  and  alkaline  earths,  the  oxides  of  their  bases 
being  characterized  by  a distinct  termination ; thus  phosphate  of  soda 
means  phosphate  of  oxide  of  sodium^  &c.;  a circumstance  which  induced 
Sir  H.  Davy  to  propose  an  analogous  termination  for  all  the  oxides,  appro- 
priately applied  to  their  common  Latin  names : as  Cupra^  for  oxide  of 
copper;  Argenta^  for  oxide  of  silver,  &c. 

Each  metal  has  a certain  definite  quantity  of  oxygen  with  which  it 
combines;  and  where  the  same  metal  unites  in  more  than  one  proportion 
with  oxygen,  in  the  second,  third,  and  other  compounds,  it  is  a multiple 
of  that  in  the  first,  consistent  with  the  law  of  definite  proportionals.  Thus, 
100  parts  of  mercury  combine  with  4 of  oxygen  to  produce  the  black 
oxide,  and  with  8 to  produce  the  red  oxide.  Copper  also  forms  two 
oxides;  in  the  one  12'5  of  oxygen  are  united  to  100  of  metal,  and  in  the 
other  25.  Where  two  oxides  only  are  thus  formed,  that  with  the  mini- 
mum of  oxygen  is  termed  the  protoxide^  and  that  with  the  maximum  of 
oxygen  the  jjeroxide;  or,  in  some  cases,  the  term  dioxide  or  suhoxide  is 
substituted  for  that  of  protoxide,  as  indicating  a compound  of  2 atoms  or 
equivalent  proportionals  of  metal  with  one  of  oxygen.  Where  there  are 
three  or  four  distinct  steps  of  oxidizement,  the  terms  deidoxide  or  hinox- 
ide,  and  tritoxide  or  teroxide,  may  be  applied  to  the  second  and  third 
stages;  and  where  the  proportion  of  oxygen,  in  three  oxides,  is  in  the 
relation  of  1,  1^,  and  2,  the  second  is  termed  a sesquioxide.  The  metallic 
oxides  are  generally  regarded  as  basic  compounds,  and  form  salts  with 
the  acids ; but  in  a few  cases  the  combinations  of  a metal  with  oxygen 
are  acid,  and  are  then  distinguished  by  the  usual  terminations;  thus, 
arseniotis  and  arsenic  acid  imply  the  two  (acid)  oxides  of  arsenic; 
in  other  cases  the  protoxide  may  be  basic,  and  the  peroxide  acid,  as 
is  the  case  with  chromium,  antimony,  and  some  other  metals ; and  in  the 
case  of  the  combination  of  two  metallic  oxides,  one  may  generally  be 
regarded  as  acting  the  part  of  a base,  and  the  other  that  of  an  acid. 
Definite  combinations  of  the  metallic  oxides  are  common  in  the  mineral 
kingdom. 

Among  the  combinations  of  metals  with  oxygen,  some  are  insoluble  in 
water,  or  nearly  so,  and  have  neither  taste  nor  smell ; others  are  soluble 
and  sour,  constituting  the  metallic  acids  ; others  are  soluble  and  alkaline, 
forming  the  fixed,  alkalis  and  alkalme  earths.  They  are  of  all  colors,  and 
frequently  the  same  metal  united  to  different  proportions  of  oxygen  pro- 
duces compounds  differing  in  color:  thus  we  have  the  black  and  red  oxide 
of  mercury,  the  green  and  the  black  oxide  of  manganese,  &c. 

The  different  oxides  of  the  same  metal  sometimes  form  distinct  salts 
with  the  acids,  and  in  such  cases  the  quantity  of  acid  required  to  neu- 
tralize the  oxide  bears  a direct  proportion  to  the  oxygen  which  it  con- 
tains. This  law  was  first  developed  by  Gay  Lussac  {M emoires  d Arcueil, 
ii.  159),  and  it  will  be  found  to  be  illustrated  in  the  cases  of  the  oxides 
of  iron,  of  mercury,  tin,  and  some  other  metals.  It  sometimes  happens 
that  the  same  oxide  unites  with  an  acid  in  two  proportions,  forming  two 
distinct  salts,  in  which  case  the  acid  in  the  second  is  a multiple  of  that  in 
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the  first.  Thus,  48  parts  of  potassa  unite  to  22  and  to  44  of  carbonic 
j acid,  forming  a carbonate  and  a bicarbonate  of  potassa  : so  also  we  have 
/;  a sulphate  and  a bisulphate  of  potassa;  and  there  are  no  less  than  three 

) compounds  of  oxalic  acid  with  the  same  base,  forming  an  oxalate,  a 
binoxalate,  and  a quadroxalate  of  potassa. 

Montizon  has  attempted  to  show  {Ann.  Ch.  et  Ph.,  vii.  7)  that  a 
[|  relation  subsists  between  the  quantity  of  oxygen  with  which  the  metals 
i combine,  and  their  specific  gravities ; the  oxygen  being  a multiple  or  sub- 
multiple of  the  density ; and  he  has  given  a table  comparing  the  results 
deduced  from  such  a theory,  with  those  obtained  by  analysis. 

In  reference  to  an  hypothesis  originally  propounded  by  Davy  {Elem. 
of  Chem.'),  respecting  the  possible  existence  of  hydrogen  in  the  metals, 
and  of  water  in  their  oxides.  Gay  Lussac  has  observed  that  the  lightest 
metals  are  those  which  absorb  most  oxygen  in  becoming  oxides ; and  that 
the  heavier  or  denser  metals,  on  the  contrar}^  absorb  less  oxygen ; in 
other  words,  the  denser  metals  are  those  which  have  the  higher  equiva- 
lents, the  lighter  metals  being  represented  by  lower  numbers:  this  law, 
though  not  rigorously  exact,  is  sufficiently  so  to  deserve  attention,  and 
if,  selecting  certain  metals,  they  be  divided  into  two  groups,  it  will  be 
found  that  where  the  specific  gravity  varies  from  10  to  20,  the  atomic 
weight  is  about  or  above  100,  but  that  where  the  specific  gravity  is 
between  8 and  1,  or  below  1,  the  atomic  weight  is  about  30. 


I. 

II. 

r- 

Metal. 

Sp.  Gr. 

A 

Atomic  Weight. 

/■ 

Metal. 

Sp.  Gr. 

'N 

Atomic  Weight. 

riatinum  

20-98 

99 

Cobalt  

....  8-53 

30 

Gold  

J9-20 

200 

Copper 

....  8-89 

32 

Iridium  

18-60 

99 

Nickel  

....  8-27 

28 

Tungsten  .... 

17-50 

100 

Iron  

....  7-78 

28 

Mercury 

13-56 

100 

Zinc  

....  7 00 

32 

Lead  

11-35 

104 

Manganese  ... 

....  6-85 

28 

Silver 

10-47 

108 

Sodium 

....  0-97 

24 

Action  of  Chlorine.  All  the  metals  combine  with  chlorine,  and 
produce  a class  of  compounds  termed  metallic  chlorides.  There  are  a 
few  of  the  metals  which  resist  the  action  of  chlorine  at  common  tempe- 
ratures, but  when  heated  they  all  combine  with  it;  some  slowly;  others 
rapidly,  and  with  intense  ignition.  Copper-leaf,  powdered  antimony, 
arsenic,  &c.,  burn  when  thrown  into  the  gas ; mercury  and  iron  inflame 
when  gently  heated  in  it ; silver,  gold,  and  platinum,  quietly  absorb  it. 
In  these  cases,  minute  mechanical  division  remarkably  accelerates  the 
action.  The  attraction  of  chlorine  for  metals  is  greater  than  that  of 
oxygen;  consequently  when  a metallic  oxide  is  heated  in  chlorine,  oxygen 
is  evolved,  and  a chloride  formed ; or,  in  some  cases,  the  oxide  is  mixed 
with  charcoal  and  dry  chlorine  passed  over  the  heated  mixture,  in  which 
case  carbonic  oxide  is  evolved  during  the  formation  of  the  chloride.  The 
insoluble  chlorides  are  also  formed  by  adding  solution  of  chlorine,  or 
hydrochloric  acid,  or  of  the  soluble  chlorides,  to  the  soluble  metallic  salts. 
Thus  chloride  of  silver,  which  is  insoluble,  is  thrown  down  from  the 
soluble  nitrate  of  silver  by  solution  of  chlorine,  of  hydrochloric  acid,  and 
of  common  salt : hence,  too,  all  the  soluble  chlorides  are  recognized,  by 
yielding  a white  precipitate  with  solution  of  nitrate  of  silver,  which  is 
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soluble  in  ammonia,  insoluble  in  nitric  acid,  and  which,  when  pure,  rapidly 
blackens  by  exposure  to  the  sun’s  rays. 

The  physical  and  chemical  properties  of  the  chlorides  are  extremely 
various.  They  are  nearly  of  all  colors.  They  are  generally  unchanged  by 
heat;  but  some  undergo  decomposition.  Some  are  soluble,  others  insoluble, 
in  water.  Some  permanent  in  tlie  air,  others  deliquescent.  Several  of  them 
decompose  water,  and  form  hydrochloric  acid,  and  an  oxide.  The  ques- 
tion respecting  the  action  of  water  upon  the  chlorides  has  given  rise  to 
several  hypotheses  founded  on  their  mutual  decomposition,  some  of  which 
will  be  adverted  to  under  specific  heads.  (See  Dumas,  in  reference  to 
this  question.  Ann.  Ch.  et  Fh..,  xuiv.  p.  263;  also  H.  Rose,  Cheni.  Gaz.^ 
Jan.  1843.)  Many  of  tliem  absorb  ammonia,  and  some  in  considerable 
quantity.  They  are  fusible,  and  most  of  them  crystallizable.  Some  are 
extremely  volatile  at  common  temperatures,  and  others  fixed  at  high 
heats.  A few  exist,  at  all  ordinary  temperatures,  in  the  liquid  state. 
Many  of  them  are  decomposed  at  a red  heat  by  hydrogen,  which  pro- 
duces hydrochloric  acid,  and  reduces  the  metal.  Anhydrous  sulphuric 
acid  appears  not  to  act  upon  them;  but  the  common  hydrated  acid 
decomposes  them,  with  few  exceptions,  evolving  hj^drochloric  acid:  the 
theory  of  these  changes  is  elsewhere  explained.  (See  Chloride  of  Sodium.) 
Some  of  the  metals  rapidly  decompose  certain  chlorides  in  consequence 
of  their  superior  attraction  for  chlorine ; thus  chloride  of  silver  is  decom- 
posed by  zinc,  chloride  of  magnesium  by  potassium,  »&c. 

The  same  metal  often  forms  more  than  one  compound  with  chlorine, 
and  these  compounds  are  designated  as  the  oxides.  Thus  we  have  pro- 
tochlorides^  bichlorides.,  sesquicJdorides.,  and  perchlorides. 

Many  of  the  metals  decompose  gaseous  hydrochloric  acid,  in  which 
case  hydrogen  is  evolved,  and  a metallic  chloride  produced;  and  when 
metallic  oxides  are  heated  in  hydrochloric  gas,  they  generally  give  rise  to 
the  formation  of  a chloride  and  water. 

There  are  a few  metallic  oxides  which  at  low  temperatures,  absorb 
and  retain  chlorine,  but  they  hold  it  by  a feeble  attraction.  The  chlorides 
of  potassa  and  of  lime  will  be  described  under  those  bodies.  It  has  also 
been  combined  with  the  oxides  of  iron,  zinc,  and  copper.  (Grouvelle, 
Ann.  Ch.  et  Ph..,  xvii.)  These  compounds  are  decomposed  by  heat  and 
by  the  acids. 

Action  of  Chloric  Actu.  The  compounds  of  the  metallic  oxides  with 
chloric  acid,  or  cldorales,  are  decomposed  by  heat  with  the  copious  evolu- 
tion of  oxygen,  and  a chloride  generally  remains:  they  deflagrate  when 
triturated  with  charcoal  or  other  combustibles.  In  the  neutral  chlorates 
the  proportion  of  oxygen  in  the  base  to  that  in  the  acid  is  as  I to  5,  so 
that  in  ultimate  constitution  they  resemble  the  nitrates : their  formula 
being  MO-f-ClOo  or  M + CIOg.  The  oxijchlorales,  or  perchlorates,  have 
been  but  little  examined.  Like  the  chlorates,  they  yield  oxygen  when 
heated : and  the  proportion  of  oxygen  in  the  base  to  that  in  the  acid  is  as 
I : 7,  their  formula  being  MO + 0107  or  M + CIOg. 

Action  of  Iodine.  Iodine  combines  with  all  the  metals,  producing 
metallic  iodides,  many  of  wdiich  may  be  directly  formed  by  triturating  the 
metals  with  iodine,  or  by  gently  heating  them  together.  They  are  all 
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‘ solid  and  volatile,  generally  inodorous,  and  of  variable  colors  : a few  of 
them  are  decomposed  by  beat.  Some  are  soluble  in  water  without  decom- 
position ; others  decompose  water;  others  are  insoluble.  The  insoluble 
iodides  may  generally  l)e  formed  by  adding  a solution  of  iodine  or  of 
hydriodic  acid,  or  of  an  iodide,  to  the  soluble  metallic  salts.  Iodine  often 
combines  in  more  than  one  proportion  with  metals,  forming  pj'otiodidcs, 
sesquiodides^  hiniodides,  &c.  The  iodides  are  decomposed  by  chlorine 
and  bromine,  and  the  greater  number  by  oxygen.  According  to  Gay 
Lussac,  when  the  vapor  of  iodine  is  passed  over  hot  lime,  baryta,  and 
strontla,  it  does  not  expel  their  oxygen,  but  unites  with  them  as  oxides. 
These  compounds  are  not  very  permanent,  and  are  decomposed  at  a tem- 
perature a little  exceeding  that  required  to  form  them.  The  iodides  are 
decomposed  by  nitric  and  sulphuric  acids,  but  not  by  aqueous  hydro- 
chloric acid.  By  gaseous  hydrochloric  acid,  at  a dull  red  heat,  they  are 
converted  into  chlorides,  and  hydriodic  acid  is  formed.  The  (alkaline) 
soluble  iodides  dissolve  iodine  in  quantities  directly  as  their  state  of  con- 
centration : these  compounds  (ioduretted  iodides')  are  not  definite,  and 
when  treated  with  ether,  the  iodine  is  abstracted,  and  a colorless  solution 
of  the  iodide  remains.  (Labourk,  Chem.  Gaz.,  Jan.  1844.) 

Action  of  Iodic  x\ctd.  The  compounds  of  this  acid  with  the  metallic 
oxides  have  been  but  little  examined:  the}’’ are  decomposed  and  converted 
into  iodides  by  heat,  sometimes  with  the  evolution  of  oxygen  only;  at 
others,  iodine  is  also  given  off.  (See  Rammelsbfrg,  Poggend.  Journ.^ 
XLiv.  545.)  The  formula  of  the  iodates  resembles  that  of  the  chlorates 
and  nitrates,  being  MO + 105  or  M + IOg.  (See  also  p.  290.) 

Action  of  Bromine.  Bromine  combines  with  the  metals  and  pro- 
duces bromides^  analogous  in  their  general  habitudes  to  the  chlorides  and 
iodides ; they  are  formed  either  by  the  direct  action  of  bromine  on  the 
metal,  or  by  that  of  hydrobromic  acid  upon  the  metallic  oxide;  or,  when 
insoluble,  they  arc  precipitated  by  the  addition  of  the  soluble  bromides  to 
metallic  solutions.  Bromine  also  unites  to  some  of  the  metallic  oxides, 
and  produces  bleaching  compounds.  Chlorine  disengages  bromine  from 
its  binary  metallic  compounds,  and  bromine  expels  iodine  from  the  iodides; 
so  that  the  attraction  of  bromine  for  the  metals  is  intermediate  between 
chlorine  and  iodine. 

The  hromates  are  little  known.  M^hen  heated  to  redness  they 
become  bromides^  by  the  loss  of  oxygen.  (See  a Memoir  on  the  Bromates 
by  JM.  Bertbemot,  Ann.  Ch.  ct  Ph..,  xciv.  382.)  The  formula  of  the  bro- 
mates corresponds  with  that  of  the  nitrates,  chlorates,  and  iodates,  being 
jMO  + BrOo.  (See  p.  294.) 

Action  of  Fluorine.  As  fluorine  has  not  been  obtained  in  a separate 
state,  its  immediate  action  upon  the  metals  is  not  known  ; but  it  would 
probably  be  energetic.  Such  of  the  Jluorides  as  are  insoluble  may  be 
obtained  by  the  medium  of  a solution  of  fluoride  of  potassium,  or  by 
precipitation  by  hydrofluoric  acid  : the  soluble  fluorides  are  formed  by 
digesting  the  oxides  or  carbonates  in  aqueous  hydrofluoric  acid.  The  fluo- 
rides are  not  decomposed  by  oxygen,  chlorine,  iodine,  or  bromine;  but  they 
are  immediately  recognised  by  the  evolution  of  hydrofluoric  acid,  when 
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moistened  and  heated  with  sulphuric  acid,  and  by  their  action  upon  glass 
under  such  circumstances. 

Action  of  Hydrogen.  Hydrogen  forms  permanent  compounds  with 
two  of  the  metals  only,  namely,  arsenic  and  tellurium.  It  appears  to 
combine  with  each  in  two  proportions,  forming  two  solid  compounds,  the 
hydrurets  or  hydrogurets  of  arsenic  and  tellurium;  and  two  gaseous 
compounds,  arseniuretted  and  telluretted  hydrogen.  At  high  temperatures 
it  dissolves  potassium,  forming  poiassiuretted  hydrogen  gas.  Hydrogen 
also  appears  to  combine  with  zinc  and  antimony,  at  least  it  frequently 
retains  a little  of  those  metals  in  its  gaseous  state. 

There  are  many  of  the  metallic  oxides  and  chlorides  which,  at  due  tem- 
peratures, are  decomposed  by  hydrogen;  the  oxides  are  reduced  with  the 
formation  of  water,  and  the  chlorides  with  the  production  of  hydrochloric 
acid. 

Action  of  Water.  Those  metals  which  are  speedily  acted  upon  by 
common  air  and  ox3^gen,  are  also  generally  capable  of  decomposing  water; 
some  of  them  rapidly,  others  slowly.  There  are  some  metals  which  are 
not  acted  upon  by  air  deprived  of  moisture,  nor  by  water  deprived  of  air; 
but  moist  air,  or  water  containing  air,  effects  their  oxidizement:  this 
appears  to  be  the  case  with  iron,  (Dr.  Marshall  Hall,  Quarterly  Journ..^ 
vii.  55,)  and  also  with  lead.  The  metals  are  frequently  classified  accord- 
ing to  the  different  degrees  of  facility  with  w'hich  they  decompose  water, 
(Kane,  &c.)  Water  combines  with  many  of  the  metallic  oxides,  and 
produces  hydrated  oxides.,  or  metallic  hydrates.  In  these  the  relative 
proportion  of  water  is  definite.  Some  are  easily  decomposed  by  very 
moderate  heat,  as  hydrate  of  oxide  of  copper;  others  retain  Avater  even 
Avhen  heated  to  redness,  as  hydrate  of  potassa;  others  are  decomposed  at 
a red  heat,  as  hydrate  of  lime.  Salts  part  Avith  the  water  contained  in 
them  with  different  degrees  of  facility,  retaining  frequently  one  or  more 
equivalents  at  a temperature  at  Avhich  other  proportionals  go  off;  hence 
the  distinction  between  basic  water  and  water  of  crystallisation.  (See. 

p.  6.) 

Action  of  Nitric  Acid.  The  greater  number  of  metals  are  capable 
of  decomposing  nitric  acid  by  the  abstraction  of  a part  of  its  oxygen,  and 
thus  of  resolving  it  into  some  of  the  other  nitric  compounds ; nitric  acid 
is  a very  generally  acting  solvent,  therefore,  of  these  bodies.  The 
decomposition  of  nitric  acid  by  the  metals  is  also  not  unfrequently  accom- 
panied by  the  formation  of  ammonia.  It  dissolves  nearly  all  the  metallic 
oxides,  and  produces  a numerous  class  of  nitrates.,  Avhich,  if  prepared 
Avith  heat  and  Avith  excess  of  acid,  generally  contain  the  metal  at  its 
maximum  of  oxidizement.  The  nitrates  are  all  decomposed  by  a red- 
heat;  they  give  off  oxygen  and  nitrogen,  either  separate  or  combined,  and  If 
the  metallic  oxide  ultimately  remains.  They  are  also  decomposed  Avhen 
heated  with  sulphur,  phosphorus,  or  charcoal;  and  sulphurous,  phos- 
phoric, and  carbonic  acids  are  formed;  the  phosphoric,  being  a fixed  acid, 
remains  united  to  the  metallic  oxide;  Avhile  the  sulphurous  and  carbonic 
acids  are  usually  expelled.  The  nitrates  are  decomposed  by  hydrated 
sulphuric  acid,  nitric  acid  is  evolved,  and  sidphates  are  formed.  In  the 
neutral  nitrates  the  proportion  of  oxygen  in  the  acid  is  to  that  in  the  base 
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I as  5 to  1,  so  that  they  are  represented  by  the  formula  MO  + NOs,  or 
MjNOe.  Thus  in  the  nitrate  of  potassa,  48  parts  of  potassa,  containing 
8 of  oxygen,  are  combined  with  54  of  nitric  acid,  containing  40  (8  x 5) 
Hof  oxygen;  and  in  the  nitrate  of  oxide  of  copper,  40  parts  of  oxide  of 
copper,  containing  8 of  oxygen,  are  combined  with  54  of  nitric  acid,  con- 
taining 40  of  oxygen.  (See  page  343.) 

Some  of  the  nitrates  are  recognised  by  dropping  sulphuric  acid  into 
their  solutions,  and  then  gradually  adding  a solution  of  protosulphate  of 
iron,  when  a dark-brown  or  blackish  color  is  produced  at  the  line  of 
contact  of  the  two  liquids. 

Action  of  Ammonia.  At  high  temperatures  some  of  the  metals  are 
capable  of  decomposing  ammonia,  (p.  353.)  Liquid  ammonia  dissolves 
several  of  the  metallic  oxides,  and  with  some  of  them  forms  crystallizable 
compounds.  It  dissolves  the  oxides  of  silver,  copper,  zinc,  arsenic,  anti- 
mony, and  tellurium;  the  protoxides  of  iron,  cobalt,  and  nickel;  and  the 
peroxides  of  tin,  mercury,  gold,  and  platinum.  These  compounds  are 
all  decomposed  by  heat.  The  compounds  of  ammonia  with  the  oxides  of 
gold,  silver,  and  platinum,  detonate  when  heated,  and  the  oxide  and  the 
ammonia  are  both  decomposed.  The  combinations  of  ammonia,  with 
several  anhydrous  salts,  have  been  examined  by  H.  Rose.  {Ann.  Ch.  et 
Ph.,  Lxii.  308.) 

Action  of  Sulphur.  All  the  metals  appear  capable  of  combining  with 
sulphur  and  ioxmmgsulphiirels  or  sulphides.  These  are  obtained,  1st,  By 
heating  the  metal  in  a close  vessel,  with  sulphur;  and  it  not  unfrequently 
happens  that,  during  the  combination,  the  metal  becomes  intensely  ignited, 
burning  as  it  were  in  the  vapor  of  the  sulphur,  and  furnishing  a striking 
instance  of  combustion  without  the  presence  of  oxygen;  this  is  the  case 
with  potassium  and  sodium,  and  with  the  filings  or  shavings  of  copper, 
bismuth,  lead,  and  iron.  2ndly,  By  heating  a mixture  of  sulphur  and  a 
metallic  oxide,  in  which  case  sulphurous  acid  escapes,  and  the  metallic 
sulphuret  remains  behind.  3rdly,  By  decomposing  the  sulphates.,  either 
by  subjecting  them  to  the  action  of  a current  of  hydrogen  gas  in  a heated 
tube,  or  by  heating  a mixture  of  the  sulphate  with  charcoal.  4thly,  By  the 
action  of  sulphuretted  hydrogen.  5thly,  By  fusing  the  metallic  oxide  with 
a mixture  of  carbonate  of  potassa  and  sulphur,  in  which  case  an  alkaline 
sulphuret  is  first  formed,  and  sustains  a red  heat,  but  at  that  temperature 
a portion  of  its  sulphur  is  imparted  to  the  reduced  metal  of  the  oxide. 
The  sulphurets  are  in  general  brittle;  some  have  a metallic  lustre,  and 
are  opaque ; others  are  without  lustre,  and  more  or  less  transparent. 
Some  are  fusible,  and  some  volatile.  Some  are  soluble,  but  the  greater 
number  insoluble  in  water.  Where  the  same  metal  forms  two  sulphu- 
rets, the  sulphur  in  those  containing  the  largest  proportion  is  a simple 
multiple  of  the  sulphur  in  those  containing  the  smallest  proportion; 
hence  we  have  metallic  sulphurets.,  hisulphurets,  and  sesquisulphurets ; 
and,  generally  speaking,  the  sulphurets  correspond  in  number  and  atomic 
composition  with  the  oxides.  Exposed  to  the  joint  agency  of  air  and 
moisture,  some  of  the  sulphurets  pass  into  sulphates.  When  heated  in 
close  vessels,  some  undergo  no  change,  as  those  of  sodium  and  potassium; 
others  sublime  unaltered,  as  sulphuret  of  mercury  and  sulphuret  of  arsenic: 
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others  lose  a portion  of  tlielr  sulphur,  and,  if  air  he  admitted,  sulphurous 
acid  escapes,  and  the  metal  passes  into  the  state  of  oxide,  as  sulphuret  of 
lead  and  sulphuret  of  copper;  and  it  is  thus  that  these  sulphurets  are 
oxidized  by  the  process  called  roasting^  previous  to  their  reduction  upon 
the  large  scale;  others  again  are  entirely  decomposed,  the  metal  being 
completely  reduced;  this  hnppens  on  heating  sulphuret  of  platinum  or  of 
gold.  The  sulphurets  of  antimony,  bismuth,  and  silver  are  decomposed  by 
exposure  to  hydrogen  at  a red-heat,  but  the  greater  number  of  the  sul- 
phurets are  not  thus  decomposable.  (Rose,  Pogg.  Ann.^  iv.  109.)  Defi- 
nite compounds  of  sulphur  Avitli  some  of  the  metallic  oxides,  have  been 
obtained  by  Arfwedson.  (Aim.  C/i.  et  PJi.^  vi.  204.) 

There  are  certain  double  sulphurets,  which  Berzelius  has  designated 
sulphur  salts;  in  these  cases  he  terms  the  electronegative  sulphurets, 
sulphur  acids ; and  the  electropositive  sulphurets,  sulphur  bases;  among 
the  sulphur  acids.,  he  enumerates  the  sulphurets  of  arsenic,  antimonj', 
gold,  molybdenum,  tellurium,  tin,  and  tungsten;  he  also  calls  sulphuretted 
hydrogen,  sulphocyanogen,  sulj)huret  of  selenium,  and  sulphuret  of  carbon, 
sulphur  acids.  The  principal  sulphur  bases  are  the  j^rotosulphurets  of 
the  metals  of  the  alkalis  and  alkaline  earths,  and  the  hydrosiilphuret  of 
ammonia  (sulphuret  of  ammonium). 

In  analysing  sulphurets  the  sulphur  is  usually  Aveighed  in  the  state  of 
sulphuric  acid  combined  AAuth  baryta;  for  this  purpose  the  pulverised  sul- 
phuret is  digested  in  nitric,  or  nitrohydrochloric  acid,  and  thus  conA'erted 
either  into  a soluble  or  insoluble  sulphate.  In  the  former  case  the  fil- 
tered solution  is  decomposed  by  chloride  of  barium,  and  the  precipitated 
sulphate  of  baryta  collected,  dried,  and  Aveighed,  Avith  proper  precautions. 
Sometimes  the  sulphates  are  conveniently  decomposed  by  heating  them  in 
an  atmosphere  of  chlorine,  by  Avhich  chlorides  of  sulphur  and  metallic 
chlorides  are  formed.  The  sulphurets  may  also  be  decomposed  by  passing 
pure  oxygen  gas  over  them,  heated  to  redness:  the  sulphurous  acid  formed 
is  conA'eyed  into  a solution  of  chlorine  or  chloride  of  soda,  by  Avhich  it  is 
converted  into  sulphuric  acid,  and  the  sulphur  weighed  as  sulphate  of 
baryta:  the  metal  is  of  course  oxidized. 

IIyposulpiiurous  Acid  combines  Avith  the  metallic  oxides,  and  pro- 
duces a class  of  salts  termed  hyposulphites.  Several  of  these  have  been 
examined  by  Herschel.  (Edin.  Phil.  Journal.,  i.)  In  some  of  their  cha- 
racters they  resemble  the  sulphites:  they  are  easily  soluble;  of  a bitter  or 
SAveet  taste;  and  decomposed  by  a lieat  beloAv  redness,  and  by  almost  all 
other  acids.  Their  solutions  readily  dissolve  chloride  of  silver.  (See  p.  402.) 

Sulphurous  Acid  combines  Avitli  many  of  the  metallic  oxides,  pro- 
ducing sulphites;  in  some  instances  oxygen  is  transferred  from  the  oxide 
to  the  acid,  and  sulphates  result.  Acting  upon  the  metals,  sulphurous 
acid  often  gives  rise  to  hyposulphites,  and  sometimes  to  sulphurets  and 
sulphites.  (Ann.  Ch.  et  PJi..,  July,  1843.) 

The  sulphites  are  soluble  in  Avater,  and  have  a sulphurous  taste  and 
smell.  Exposed  to  moist  air,  they  absorb  oxygen,  and  pass  into  the  state 
of  sulphates.  They  are  decomposed  by  sulphuric  acid,  Avhich  expels  sul- 
phurous acid,  and  the  salts  are  converted  into  sulphates.  When  perfectly 
pure  they  are  not  affected  by  solution  of  baryta.  (See  p.  386.) 
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: In  analysing  tlie  sulpliites  tlieir  acid  is  usually  'sveighed  as  sulphuric 

xacid,  by  previously  converting  them  into  sulphates  hy  the  action  of  nitric 
iiacid  or  of  chlorine,  or  of  nitrohydrochloric  acid;  the  sulphuric  acid  is  then 
1: precipitated  by  baryta. 

I Hyposulpiiuric  Acid  forms  with  the  metallic  oxides  a class  of  hypo- 
I sulphates.  They  do  not  afford  precipitates  with  solution  of  baryta. 
When  heated  they  evolve  sulphurous  acid,  and  are  converted  into  neutral 
sulphates:  when  their  solutions  are  boiled  with  sulphuric  acid,  sulphurous 
.acid  is  evolved,  hut  no  sulphur  is  precipitated.  (See  p.  402.) 

Sulphuric  Acid,  in  its  concentrated  state,  and  unaided  hy  heat,  is 
acted  upon  by  a few  of  the  metals  only;  wdien  diluted,  some  of  them  are 
oxidized  at  the  expense  of  the  water,  hydrogen  is  evolved,  and  the 
metallic  oxide  combines  with  the  acid,  producing  a sulphate.  In  these 
cases  the  hydrogen  evolved  is  the  indicator  of  the  quantity  of  oxygen 
transferred  to  the  metal;  every  volume  of  hydrogen  is  the  equivalent  of 
half  a volume  of  oxygen,  and  accordingly  the  production  of  100  cubic 
inches  of  hydrogen  indicates  the  transfer  of  50  of  oxygen,  or  hy  weight,  of 
about  17*2  grains.  As  different  metals  unite  to  different  Aveights  of  oxygen, 
they  Avill  obviou.sly  eAmh^e  different  quantities  of  hydrogen.  Thus,  if  one 
metal,  to  become  soluble  in  sulphuric  acid,  require  to  be  united  Avith  10, 
and  another  Avith  20  per  cent,  of  oxygen,  the  latter  Avill  evolve  tAAuce  the 
volume  of  hydrogen,  compared  Avith  the  former.  As  the  evolution  of 
hydrogen,  during  the  solution  of  a metal  in  dilute  sulphuric  acid,  is 
referable  to  its  oxidizement,  no  hydrogen  aauU  be  evolved  by  the  action  of 
the  acid  upon  an  oxide,  but  it  Avill  be  merely  dis.solved. 

The  sulphates  are  an  important  class  of  salts.  The  greater  number  of 
them  are  soluble  in  AAmter,  and  the  solutions  yield  a precipitate  Avith  the 
soluble  salts  of  baryta  Avhich  is  insoluble  in  acids  and  alkalis.  The  inso- 
luble sulphates  may  be  recognised  by  igniting  them  in  fine  poAvder  Avith 
thrice  their  Aveight  of  carbonate  of  soda,  by  Avhich  a soluble  sulphate  of 
soda  is  formed:  it  may  be  separated  by  Avater  and  filtration,  crystallized, 
and  tested  by  nitrate  of  baryta.  The  sulphates  of  potassa,  soda,  lithia, 
lime,  baryta,  and  strontia,  resist  a Avhite  heat  Avithout  decomposition:  the 
other  sulphates  evolve,  Avhen  intensely  lieated,  sulphuric  acid,  sulphurous 
acid,  and  oxygen.  Many  of  them  are  decomposed  at  high  temperatures 
by  the  action  of  hydrogen,  Avhich  carries  off  the  oxygen  of  the  acid,  and 
of  the  base,  and  leaves  a metallic  sulphuret.  In  some  cases  the  sulphur 
also  combines  Avith  the  hjnlrogen,  and  the  sulphate  thus  affords  a reduced 
metal.  They  are  all  decomposed  at  a red  heat  by  charcoal,  and  most  of 
them  are  thus  converted  into  sulphurets;  carbonic  acid,  and  carbonic 
oxide,  being  at  the  same  time  evoh^ed.  Many  of  the  anhydrous  sulphates 
absorb  ammonia,  forming  definite  compounds  Avhich  are  decomposed  by 
heat.  (H.  Rose,  Ann.  Ch.  et  Ph.^  Lxxii.  309.)  In  the  neutral  sulphates, 
the  proportion  of  oxygen  in  the  acid  is  to  that  in  the  base  as  3 to  I. 
They  are  therefore  represented  by  the  formula  MO  + S03.  Thus  sul- 
phate of  soda  is  composed  of  32  soda,  containing  8 of  oxygen,  combined 
with  40  of  sulphuric  acid,  containing  24  (8  X 3)  of  oxygen;  and  in  the 
sulphate  of  copper,  40  parts  of  oxide  of  copper,  containing  8 of  oxygen, 
are  combined  Avith  40  of  sulphuric  acid,  containing  24  (8  X 3)  of  oxygen. 
Yol.  II.  2 0^ 
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The  sulphates  may  also  he  represented  by  the  electrolytic  formula  M-h 
SO4.  (See  also  p.  398.) 

In  the  analysis  of  sulphates^  the  acid  is  weighed  in  the  state  of  sul- 
phate of  baryta;  the  soluble  sulphates  are  decomposed  by  the  addition  of 
a solution  of  chloride  or  nitrate  of  barium,  the  liquor  having  been  pre- 
viously acidified  by  a little  nitric  or  hydrochloric  acid.  If  the  sulphate  is 
insoluble  in  water,  but  soluble  in  dilute  acids,  pure  nitric  or  hydrochloric 
acid  is  used  as  the  solvent.  The  insoluble  sulphates  may  be  decomposed, 
as  above  stated,  by  fusion  with  dried  carbonate  of  soda,  by  which  sul- 
phate of  soda  and  carbonates  of  the  bases  are  formed. 

There  are  two  well-defined  groups  of  double  sulphates.  In  the  one 
there  are  2 equivalents  of  acid  and  2 of  base,  and  in  the  other  2 of  base 
and  4 of  acid.  Sulphate  of  potassa  and  magnesia  represents  the  first 
group,  the  formula  of  which  is  K0,S03  -1-  Mg0,S03  -f  6HO;  and  com- 
mon alum  may  be  taken  as  the  type  of  the  second  group,  its  formula 
being  K0,S03  -f  Al203,3S03,  -}-  24HO.  In  the  first  group,  sulphate  of 
ammonia  may  be  substituted  for  sulphate  of  potassa,  and  the  sulphates 
of  manganese,  iron,  zinc,  copper,  cobalt,  and  nickel,  for  the  sulphate  of 
magnesia.  In  the  second  group  ammonia  or  soda  may  replace  the  potassa, 
and  the  alumina  may  be  replaced  by  the  sesquioxides  of  manganese,  iron, 
or  chromium.  All  the  salts  which  constitute  the  alum  group  contain  the 
same  number  of  equivalents  of  water,  and  they  all  crystallize  in  the  octo- 
hedral  form. 

Action  of  Sulphuretted  Hydrogen.  When  sulphuretted  hydrogen 
combines  with  metallic  sulphurets,  it  forms  one  class  of  the  sulphur-salts. 
It  seems  doubtful  whether  any  of  the  metals  combine  with  sulphuretted 
hydrogen.  Its  combinations  with  their  oxides  have  been  termed  hydro- 
sulphates^  or  hydr'osidplmretted  oxides.)  but  it  generally  liappens  that  in 
the  mutual  action  of  the  sulphuretted  hydrogen  and  the  oxide,  both  are 
decomposed,  the  hydrogen  combining  with  the  oxygen  of  the  oxide  to 
form  wmter,  and  the  sulphur  uniting  to  the  metal  to  form  a metallic  sul- 
phuret.  MO  -b  HS  MS  -f  HO.  In  a few  cases  the  metallic  oxide  is 
reduced.  Occasionally  a compound  of  metallic  sulphuret  and  a salt  of 
the  oxide  is  thrown  down;  thus  when  sulphuretted  hydrogen  is  passed 
through  a solution  of  pernitrate  of  mercury,  the  latter  being  in  excess,  the 
precipitate  Is  a definite  compound  of  pernitrate  and  sulphuret  of  mercury. 
(H.  Rose,  Ann.  Ch.  el  P/^.,  Lxvi.  366.)  The  following  table  shows  the 
effect  of  sulphuretted  hydrogen  and  of  sulphuretted  liydrosulphuret  of 
ammonia  upon  solutions  of  several  of  the  metals,  as  far  as  color  of  the 
precipitate  is  concerned,  these  precipitates  being  often  resorted  to  as  qua- 
litative tests ; but  it  must  be  recollected  that  the  formation  of  the  pre- 
cipitate and  its  color  and  characters  are  often  materially  affected  by  the 
presence  of  very  minute  proportions  of  acids : in  analytical  operations, 
therefore,  we  are  often  enabled  to  separate  certain  metals  from  each  other 
by  adding  the  precipitant  first  to  an  acid  solution,  and  afterwards  to  the 
neutralized  liquor.  The  metals,  the  sulphurets  of  which  are  insoluble  in 
acids,  are,  of  course,  those  which  fall  in  the  first  instance.  The  sulphu- 
retted hydrogen  may  either  be  used  in  the  form  of  a saturated  aqueous 
solution,  or  sulphuretted  hydrogen  gas  may  be  passed  through  the  metallic 
solution:  the  latter  method  effects  the  most  complete  separation  of  the  metal. 
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3IETAL. 

solution. 

SULPHURETTED 

HYDROGEN. 

HAmROSULPHURET 
OF  AMMONIA. 

Manganese 

Neutral  protochloride 

No  precipitate 

Copious  ochre-yellow 

Iron  

Neutral  protosulpliate 

Blackish  and  small  in 
quantity 

Black  and  abundant 

Ditto  

Perchloride 

Abundant  black 

Black 

Zinc  

Chloride 

A little  opalescent  and 
then  milky 

Straw-colour  and  co- 
pious 

Tin  

Acid  protochloride 

Brown 

Deep  orange 

Ditto  

Acid  perchloride 

At  first  0,  then  yellow 
and  copious 

Apple-green 

Cadmium  .... 

Chloride 

Yellow 

Yellow 

Copper  

Protochloride 

Deep  browm 

Browm 

Ditto  

Nitrate 

Black 

Brown  and  black 

Lead  

Chloride  and  nitrate 

Ditto 

Ditto 

Antimony.... 

Tartrate  of  antimony 
and  potassa 

Deep  orange  red 

Bright  orange 

Bismuth  .... 

Tartrate  of  bismuth 
and  potassa 

Deep  brown 

Deep  browm 

Cobalt  

Chloride 

0 but  blackish 

Copious  black 

Uraniuim  .... 

Sulphate 

Brown 

Blackish  browm 

Titanium  .... 

Acid  chloride 

0 

Black 

Ditto  

Neutral  sulphate 

0 

Green 

Cerium  

Protosalts 

0 

White 

Tellurium 

Sulphate 

Black 

Black 

Arsenic 

White  oxide 

Yellow 

Yellow 

Ditto  

Arsenic  acid 

Ditto 

Ditto 

Nickel  

Sulphate 

Brown 

Black 

MeRCUPvY  .... 

Acid  nitrate 

Black,  then  gray,  and 
black  by  excess  of  test 

Black  by  excess  of 
test 

Ditto  

Acid  pernitrate 

Ditto 

Ditto 

Ditto  

Corrosive  sublimate 

Brownby  excess  of  test 

Ditto 

Osmium  

Solution  of  oxide 

Metallic 

Metallic 

Palladium 

Chloride 

Browm 

Brown 

Silver  

Nitrate 

Black  and  metallic 

Ditto 

Gold  

Chloride 

Black  & reduced  gold 

Yellow 

Platinum  .... 

Ditto 

Deep  broAvn 

Pale  brown 

Action  of  Selenium.  Selenium  acts  upon  tlie  metals  witli  nearly  the 
same  phenomena  as  sulphur,  and  in  their  general  characters  the  seleni- 
nrets  and  sulphurets  are  analogous : when  heated  in  the  open  fire  the 
selenium  hums  slowly  off  with  an  azure  flame,  and  the  odor  of  radish. 
The  atomic  composition  of  the  seleniurets  follows  that  of  the  sulj)hurets, 
and  they  are  best  obtained  by  precipitating  the  metallic  solutions  with 
seleniuretted  hydrogen,  and  then,  if  hiseleniurets  are  required,  the  preci- 
pitate may  be  f^used  with  selenium,  and  the  excess  driven  off  by  distilla- 
tion. The  selenites  and  seleniaics  are  decomposed  by  sulphurous  acid, 
which  throws  down  the  selenium  of  a red  color  in  the  cold,  and  nearly 
black  at  a boiling-heat.  Distilled  with  hydrochlorate  of  ammonia,  selenium 
passes  over.  In  the  selenites  the  oxygen  in  the  acid  is  to  that  in  the 
base  as  2 to  1,  and  in  the  seleniates  as  3 to  1 ; these  salts,  therefore,  are 
isomorphous  with  the  sulphites  and  sulphates. 

Action  of  PnospnoRUS.  Phosphorus  combines  with  the  greater 
number  of  the  metals,  forming  a series  of  metallic  phosphurels.  There 
are  three  methods  of  forming  them;  1st,  by  heating  a mixture  of  phos- 
phorus and  the  metal,  or  projecting  phosphorus  upon  the  metal  previously 
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heated  to  redness;  2nd,  by  heating  a mixture  of  the  metal  or  its  oxide, 
'vvith  phosphoric  acid  and  charcoal:  3rd,  by  passing  phosphiiretted  hy- 
drogen over  the  heated  metallic  oxide.  A very  few  only  of  the  phos- 
phiirets  can  he  obtained  in  the  humid  way,  for  when  phosphiiretted 
hydrogen  is  passed  through  metallic  solutions  the  metal  is  either  reduced, 
as  in  the  case  of  the  salts  of  gold  and  silver;  or  peculiar  compounds  ensue, 
composed  of  the  metallic  salt  and  the  phosphuret,  as  when  the  salts  of 
peroxide  of  mercury  are  decomposed  by  phosphuretted  hydrogen;  or  no 
change  takes  place,  as  with  the  greater  number  of  metallic  salts.  The 
only  case  of  the  production  of  a pure  phosphuret  by  this  process  appears 
to  be  that  of  phosphuret  of  copper,  which  is  thrown  down  whenever 
phosphuretted  hydrogen  is  passed  through  solutions  of  the  salts  of  that 
metal.  (H.  Rose,  Poggend.  Aiin.^  xxiv.  320;  and  Ann,  Ch.et  P/o,  Lxvi. 
366.)  The  fused  phosphurets  have  a metallic  lustre ; if  they  contain  a 
difficultly-fusible  metal,  they  are  more  fusible  than  the  metal  they  contain  ; 
if  an  easily-fusible  metal,  less  so.  They  are  mostly  crystallizable,  and 
totally  or  partly  decomposable  at  a high  temperature.  The  greater  number 
of  the  phosphurets  have  only  been  examined  by  Pelletier.  (^Ann.de 
i.  and  xiii.,  and  Memoires  et  Observed  ions  de  Chmiie.')  The  existence 
of  compounds  of  metallic  oxides  with  phosphorus  appears  doubtful. 

When  phosphorus  is  introduced  into  the  solutions  of  those  metals 
which  have  but  a feeble  attraction  for  oxygen,  it  reduces  them  to  the 
metallic  state.  Thus  gold,  silver,  platinum,  and  copper  are  thrown  down 
by  immersing  a stick  of  phosphorus  into  their  respective  solutions. 

The  Hypophosphites  and  the  Phosphiles  have  been  imperfectly  ex- 
amined. When  heated  they  evolve  phosphorus  or  phosphuretted  hydro- 
gen, and  are  converted  into  phosphates  : their  solutions  smell  of  phos- 
phorus, and  reduce  the  salts  of  gold,  silver,  and  mercury,  (p.  418.) 

Action  of  Phosphoric  Acid.  The  metallic  phosphates  may  be  formed 
either  by  dissolving  the  oxides  in  phosphoric  acid,  or  by  adding  a solution 
of  phosphoric  acid,  or  of  an  alkaline  phosphate,  to  solutions  of  those 
metals  which  form  insoluble  or  difficultly-soluble  phosphates.  The  greater 
number  of  the  phosphates  are  decomposed  and  converted  into  phosphu- 
rets, by  ignition  ivith  charcoal : and  those  containing  volatile  oxides  are 
volatilized  at  high  temperatures.  The  phosphates  of  ammonia,  potassa, 
and  soda,  are  soluble;  but  the  greater  number  of  these  salts  are  difficultly 
soluble,  and  some  insoluble  in  water : they  are  dissolved  by  phosphoric, 
nitric,  and  hydrochloric  acids,  and  precipitated,  generally  without  change, 
by  ammonia.  Those  which  are  insoluble  are  mostly  decomposed  by 
boiling  with  carbonate  of  potassa.  Several  of  the  phosphates  occur  in  the 
native  state,  constituting  some  beautiful  but  generally  rare  minerals. 

Each  of  the  hydrates  of  phosphoric  acid  forms  its  own  salts.  The 
monohydrated  acid,  P05,H0,  forming  monobasic  salts  in  which  the  HO 
is  replaced  by  MO.  The  bihydrated  phosphoric  acid,  P05,2B[0,  forms 
salts  in  which  the  water  is  either  replaced  by  2MO,  or  by  MO, HO ; and 
the  terhydrated  acid,  PO-5,3HO,  forms  salts  in  which  either  the  whole  or 
part  of  the  water  is  similarly  replaced,  producing  salts  rejiresented  by 
P05,3M0,  or  P05,2M0,H0,  or  by  P05,M0,2H0.  It  is  obvious,  that 
upon  the  binary  theory  of  salts,  none  of  the  above  acids  contain  POs,  or 
dry  acid ; but  are  respectively  represented  in  their  hydrated  state  as 
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! liyclracids  rz:  POg  + n,P07  + II,  and  POg  +II.  So  that  the  first  class 
: of  the  phosphates  (metaphosphates)  would  have  the  formula  POg  + M; 
I the  second  class  (or  pyrophosphates)  — P07  + 2M,  or  PO7  + MII;  and 
I the  third  class  (or  common  phosphates)  ztPOg  + SM,  or  P08-1"M2,U,  or 
1 P08  4-M,Il2.  (See  p.  423.) 

Action  of  Carbon.  Carbon  unites  to  very  few  of  the  metals  ; and 
of  the  metallic  carhurcls^  one  only  is  of  importance,  namely,  carburet  of 
iron,  which  is  contained  in  the  varieties  of  cast-iron,  and  steel. 

When  some  of  the  metallic  cyanides,  and  certain  of  the  salts  of 
metallic  oxides  and  organic  acids  are  decomposed  by  heat,  the  residuary 
products  appear  to  be,  in  some  cases,  true  carburets;  these,  however,  have 
been  but  imperfectly  examined. 

Carbonic  Acid  unites  with  the  greater  number  of  the  metallic  oxides, 
and  forms  carbonates.  The  carbonates  of  the  common  metallic  oxides 
are  difficultly  soluble  or  insoluble  in  water,  and  may  be  obtained  there- 
fore in  the  form  of  precipitates  by  adding  solutions  of  the  carbonates  of 
ammonia,  potassa,  or  soda  to  those  of  the  respective  metallic  salts : they 
are  more  or  less  soluble  in  water  saturated  by  carbonic  acid ; some  of 
them  are  entirely,  and  others  only  partially,  decomposed  at  a red  heat ; 
their  decomposition  in  these  cases  being  modified  and  facilitated  by  the 
presence  of  air  or  vapor.  Carbonate  of  magnesia,  for  instance,  loses  the 
whole  of  its  carbonic  acid  at  a red  heat;  carbonate  of  potassa  retains  it  ; 
and  bicarbonate  of  potassa  loses  one  half  and  passes  into  the  state  of 
carbonate.  Carbonate  of  lime  may  be  intensely  heated  out  of  the  contact 
of  air  and  steam,  without  loss  of  carbonic  acid ; and  when  steam  is  passed 
over  carbonate  of  potassa  at  a red  heat,  it  also  loses  carbonic  acid,  and 
hydrate  of  potassa  is  formed.  The  carbonates  are  decomposed  by  nearly 
all  the  other  acids,  and  are  then  distinguished  by  the  effervescence  that 
ensues  on  the  escape  of  carbonic  acid  gas. 

Ill  the  neutral  carbonates  the  proportion  of  ox3"gen  in  the  base  is  to 
that  in  the  acid  as  I to  2.  Carbonate  of  potassa,  for  instance,  consists  of 
48  of  potassa  containing  8 of  oxygen,  and  22  of  carbonic  acid  containing 
16  (8  X 2)  of  oxygen.  The  formula,  therefore,  of  the  neutral  carbonates 
is  CO2  -1-  MO,  or  CO3  4-  M.  (See  p.  4670 

Several  of  the  carbonates  occur  as  natural  products,  constituting  an 
important  class  of  minerals. 

Cyanogen  combines  with  many  of  the  metals,  and  forms  compounds, 
which  we  call  cyanides^  or  cyanurets.  The  compounds  of  the  cyanic 
acid^  or  the  cyanales^  are  so  decomposed,  either  by  the  action  of  ivater, 
or  the  acids,  that  the  c^’anic  acid  is  resolved  into  carbonic  acid  and  am- 
monia, with  no  trace  of  hydrocyanic  acid.  (In  reference  to  the  cyanates, 
&c.,  see  p.  507.) 

Siilphocyanides  and  Sidphocyanates  produce  a characteristic  red  color 
when  added  to  a solution  of  persulphate  of  iron. 

The  Action  of  Boron  upon  the  metals  has  not  been  fully  investi- 
gated. 

The  Borates  of  the  alkalis  are  soluble ; with  other  bases  the  boracic 
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acid  mostly  forms  difficultly  soluble  or  insoluble  compounds,  wliich  are 
easily  formed  by  adding  solution  of  boracic  acid,  ora  soluble  borate  to  the 
metallic  solution.  The  borates  are  generally  decomposed  in  the  humid 
way,  by  sulphuric,  nitric,  and  hydrochloric  acids;  but,  at  a red  heat,  the 
boracic  acid  expels  the  more  volatile  acids  from  their  basic  compounds. 
The  presence  of  this  acid  may  in  many  instances  be  detected  by  digesting 
its  compounds  in  sulphuric  acid,  evaporating  to  dryness,  and  boiling  the 
residue  in  alcohol,  which  will  then  be  found  to  burn  with  a characteristic 
green  flame.  (See  Boracic  Acid^  p.  527.) 

Action  op  the  Metals  upon  each  other.  The  metals  may,  for 
the  most  part,  be  combined  with  each  other,  forming  a very  important 
class  of  compounds,  the  metallic  alloys.  In  the  act  of  combination  they 
generally  evolve  heat ; thus,  when  platinum  and  tin-foil  are  fused  toge- 
ther, there  is  vivid  ignition ; so,  also,  when  melted  zinc  and  copper  are 
suddenly  mixed  in  the  proportions  to  form  brass,  the  increase  of  heat  is 
such  as  to  vaporize  part  of  the  metal.  Various  processes  are  adopted  in 
the  formation  of  alloys,  depending  upon  the  nature  of  the  metals.  Many 
are  prepared  by  simply  fusing  the  two  metals  in  a covered  crucible ; 
but  if  there  be  a considerable  difference  in  the  specific  gravity  of  the 
metals,  the  heavier  will  ofterr  subside,  and  the  lower  part  of  the  bar  or 
ingot  will  differ  in  composition  from  the  upper ; this  may  be  to  a great 
extent  prevented  by  agitating  the  alloy  till  it  solidifies.  Mr.  Hatchett 
found  that  when  an  alloy  of  gold  and  copper  was  cast  into  bars,  the 
moulds  being  placed  perpendicularly,  the  upper  part  of  the  bar  contained 
more  copper  than  the  lower  (Bhil.  Trans..,  1803) ; and  although  copper 
and  silver  appear  readily  to  combine,  it  is  extremely  difficult  to  form  a 
bar  of  their  alloy,  of  perfectly  uniform  composition  throughout. 

AVhere  one  of  the  metals  is  very  volatile,  it  should  generally  be  added 
to  the  other  after  its  [fusion ; and  if  both  metals  be  volatile,  they  may  be 
sometimes  united  by  distilling  them  together. 

It  has  been  a question  whether  alloys  are  to  be  considered  as  com- 
pounds, or  as  mere  mixtures ; but,  in  many  cases,  their  properties  leave 
little  doubt  of  their  being  real  compounds,  and  in  some  cases  they  are 
found  to  unite  in  definite  proportions  only;  and  it  is  not  improbable  that 
all  the  alloys  contain  definite  compounds  of  the  metals.  It  is  observed 
by  Berzelius,  that  the  acidifiable  metals  have  the  greatest  tendency  to 
combine  with  those  Avhich  produce  salifiable  bases,  and  that  arsenic,  anti- 
mony, and  tellurium,  form  definite  compounds  analogous  to  sulphurets 
and  phosphurets,  which  are  not  uncommon  as  ores.  Among  the  artificial, 
as  w'ell  as  the  natural  alloys,  there  are  many  which  are  crystallizable,  and 
the  true  compound  may  sometimes  be  separated  from  the  mere  mixture 
of  the  metal  by  its  tendency  to  crystallize. 

The  principal  characters  of  the  alloys  are  the  following;  i.  We 
observe  a change  in  the  ductility,  malleability,  hardness,  and  color. 
Malleability  and  ductility  are  usually  impaired,  and  often  in  a remarkable 
degree : thus  gold  and  lead,  and  gold  and  tin,  form  a brittle  alloy.  The 
alloy  of  copper  and  gold  is  harder  than  either  of  its  component  parts ; 
and  a minute  quantity  of  arsenic  added  to  copper  renders  it  white. — 
ii.  The  specific  gravity  of  an  alloy  is  rarely  the  mean  of  its  component 
parts,  in  some  cases  an  increase,  in  others  a diminution  of  density  having 
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taken  place,  as  shown  in  the  following  table  from  Thenard  {Traili  de 
Chimie^  vol.  i.,  p.  394); 


Alloys  possessed  of  greater  specific  gravity 
than  the  mean  of  their  components. 


Gold  and  Zinc 
Tin 

Bismuth 
Antimony 
„ Cobalt 
Silver  and  Zinc 
Lead 
Tin 

Bismuth 
Antimony 
Co^iper  and  Zinc 
Tin 

Palladium 
Bismuth 
„ Antimony 
Lead  and  Bismuth 
„ Antimony 
Platinum  and  Molybdenum 
Palladium  and  Bismuth 


JJ 

}) 

» 


» 


JJ 


Alloys  having  a specific  gravity  inferior  to 
the  mean  of  their  components. 


Gold  and  Silver 
Iron 


» 


>} 


jj 


)} 


3) 


Lead 
Copper 
Iridium 
Nickel 
Silver  and  Copper 
Copper  and  Lead 
Iron  and  Bismuth 
„ Antimony 
„ Lead 
Tin  and  Lead 
,,  Palladium 
j,  Antimony 
Nickel  and  Arsenic 
Zinc  and  Antimony. 


iii.  The  fusibility  of  an  alloy  is  generally  greater  than  that  of  its 
components.  Thus  platinum,  whicli  is  infusible  in  our  common  fur- 
naces, forms,  when  combined  with  arsenic,  a very  fusible  alloy ; and  an 
alloy  of  certain  proportions  of  lead,  tin,  and  bismuth,  is  fusible  at  212°, 
a temperature  many  degrees  below  the  melting-point  of  its  most  fusible 
constituent. 

iv.  Alloys  are  generally  more  oxidizable  than  their  constituents,  taken 
singly;  a property  which  is,  perhaps,  partly  referable  to  the  formation  of 
an  electrical  combination.  Where  an  alloy  consists  of  two  metals,  the 
one  easily  and  the  other  difficultly  oxidizable,  it  may  be  decomposed  by 
exposing  it  to  the  action  of  heat  and  air,  the  former  metal  being  con- 
verted into  an  oxide : its  last  proportions,  however,  are  often  not  easily 
separated,  being  protected  by  combination  with  the  least  oxidizable 
metal.  An  alloy  of  three  parts  of  lead  and  one  of  tin  is  infinitely  more 
oxidizable  than  either  of  its  components,  and  easily  burns  at  a dull-red 
heat. 

V.  The  action  of  acids  on  alloys  may  generally  be  anticipated  by  a 
knowledge  of  their  effects  upon  the  constituent  metals  ; but  if  a soluble 
metal  be  alloyed  with  an  insoluble  one,  the  former  is  often  protected  by 
the  latter  from  the  action  of  an  acid.  Thus,  silver  alloyed  with  a large 
quantity  of  gold,  resists  the  action  of  nitric  acid  in  consequence  of  the 
insolubility  of  the  latter  metal  in  that  acid ; and,  in  order  to  render  it 
soluble,  it  is  requisite  that  it  should  be  made  to  form  about  a fourth  part 
of  the  alloy,  in  which  case  the  nitric  acid  extracts  it,  and  leaves  the  gold 
in  an  insoluble  film  or  powder. 

In  other  cases  a metal  insoluble,  or  nearly  so,  in  certain  acids,  per  se, 
is  taken  up  in  considerable  quantity  when  alloyed;  thus  platinum  is 
insoluble  in  nitric  acid,  but  its  alloy  with  silver  is  to  a certain  extent 
soluble;  and  when  a triple  alloy  of  gold  and  silver  with  a little  platinum 
is  rolled  out  and  digested  in  nitric  acid,  both  the  silver  and  the  platinum 
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are  taken  Rlioclium  is  insoluble  in  acids,  but,  when  alloyed  Avitli 

copper  or  lead,  the  nitrohydrochloric  acid  dissolves  it. 

Various  classifications  of  the  metals  have  been  adopted  by  chemical 
authors*,  some  dependent  upon  iheiv  physical^  others  upon  their  chemical 
properties.  The  former  can  scarcely  be  considered  as  adapted  to  chemical 
inquiry,  and  the  latter  involve  numerous  difficulties  in  consequence  of  the 
gradual  transition  of  metals  of  one  class  into  those  of  another.  I shall 
consider  the  metals  in  the  order  in  Avhich  they  are  set  down  in  the  fol- 
lowing table,  and  which  is  nearly  that  of  their  respective  attractions  for 
oxygen,  with  the  exception  of  the  last  division,  which  includes  substances 
in  part  imperfectly  examined,  and  from  which,  as  already  remarked, 
silicium  is  by  some  excluded. 


I. 

II. 

III. 

IV. 

V. 

VI. 

1 Potassium 

8 IManganese 

15  Copper 

24  Arsenic 

30  Mercury 

38  Glucium 

2 Sodium 

9 Iron 

16  Lead 

25  Molybdenum 

31  Silver 

39  Zirconium 

3 Lithium 

10  Zinc 

17  Antimony 

26  Chromium 

32  Gold 

40  V'ttrium 

4 Calcium 

11  Tin 

18  Bismuth 

27  Vanadium 

33  Platinum 

41  Thorium 

5 Barium 

12  Cadmium 

19  Uranium 

28  Tungsten 

34  Palladium 

42  Alumium 

6 Strontium 

13  Cobalt 

20  Titanium 

29  Columbium 

35  Rhodium 

43  Silicium 

7 Magnesium 

14  Nickel 

21  Cerium 

36  Osmium 

22  Lantanum 

37  Iridium 

23  Telluriimi 

* Berzelius  divides  the  metals  into  two 
leading  classes ; 1 . Bases  of  the  alkalis  and 
earths;  2.  Bases  of  the  oxides  and  acids. 
The  former  are  distinguished  by  their  low 
specific  gravity,  being  either  lighter,  or  but 
little  heavier  than  water,  and  they  are  so 
easily  oxidized  as  to  decompose  water  at 
common  temperatures:  in  this  list  he  in- 
cludes Kalium  (Potassium),  Natrium  (So- 
dium), Lithium,  Ammonium  (the  hypothe- 
tical base  of  ammonia),  Barium,  Strontium, 
Calcium,  Magnium  (Magnesium),  Alumium, 
Beryllium  (Glucinum),  Yttrium,  and  Zir- 
conium. The  second  class  he  subdivides 
into,  1.  Electro-negative  metals;  that  is, 
such  as  in  combination  with  oxygen  have 
a greater  tendency  to  form  acids,  than 
oxides  or  salifiable  bases;  these  are  Sele- 
nium? Arsenic,  Chromium,  Molybdenum, 
Wolframium  (Tungsten),  Antimony,  Tel- 
lurium, Tantalium  (Columbium),  Titanium, 
Osmium,  and  Gold.  2.  Electro-positive  me- 
tals, or  such  as  in  combination  with  oxygen 
especially  produce  salifiable  bases  : these 
are  Platinum,  Iridium,  Rhodium,  Palla- 
dium, Silver,  Mercury,  Uranium,  Copper, 
Bismuth,  Tin,  Lead,  Cadmium,  Zinc, 
Nickel,  Cobalt,  Iron,  Manganese,  Cerium. 
The  metals  of  the  two  last  divisions  are  all 
more  than  four  times  heavier  than  water, 
very  few  of  them  are  oxidized  at  common 
temperatures  either  by  air  or  water,  and 
their  oxides  are  reduced  by  charcoal  at  high 
temperatures,  and  by  potassium  at  a mo- 
derate heat.  See  also  Thenaxxl  (^Traite  de 
Chimie),  and  an  essay  on  the  action  of  the 
vapor  of  water,  at  high  temperatures,  on  the 
metals  and  their  sulphurets,  by  AI.  V. 
Regnault.  (Ann.  de  Ch.  et  Ph.,  Lxii.  337.) 
Gmelin  arranges  the  metals  as  follows. 


A.  Light  Metals.  Sp.  gr.  ranging 
between  0‘860  and  5*000,  distinguished  by 
their  powerful  affinity  for  oxygen,  many  of 
them  rapidly  decomposing  water  at  com- 
mon  temperatures  : their  oxides  are  mostly 
basic,  one  only  partaking  of  an  acid  cha- 
racter ; they  form  few  hyper  or  sub -oxides. 
They  are — 

a.  Alkali  metals,  forming  with  oxygen 
fixed  alkalis  : they  decompose  water  with 
energy  at  32°.  Kalium,  Natrium,  Lithium, 
Baryum,  Strontium,  Calcium. 

b.  Earth  metals,  combining  with  oxygen 
j to  form  earths:  they  slowly  decompose 
! water  at  common  temperatures,  mostly 

easily  when  warm,  or  by  the  help  of  an  acid. 
Magnium,  Cerium,  Lantanum,  Yttrium, 
Glycium,  Alumium,  Thorium,  Zirconium, 
Silicium, 

B.  Heavy  Metals.  Their  sp.  gr.  lies 
between  5*308  and  22*000;  some  are 
brittle,  some  malleable  : many  of  them  rival 
the  light  metals  in  their  affinity  for  oxygen, 
while  in  others  this  affinity  is  remarkably 
feeble.  Their  combinations  with  oxygen 
are  partly  heavy  basic  oxides,  partly  me- 
tallic acids,  snboxides,  and  hyperoxides. 
The  heavy  metals  are — 

a.  Common,  not  alone  reducible : and 
these  : 

a Brittle,  and  aa  difficultly  fusible  .* 
Titanium,  Tantalum,  Tungsten,  Molybde- 
num,Vanadium,  Chromium, Uranium,  Man- 
ganese. /3j3.  Easily  fusible  or  volatile. 
Arsenic,  Antimony,  Tellurium,  Bismuth. 

Malleable.  Zinc,  Cadmium,  Tin, 
Lead,  Iron,  Cobalt,  Nickel,  Copper. 

b.  Noble : reducible  alone.  Alercury, 
Silver,  Gold,  Platinum,  Palladium,  Rho- 
dium, Iridium,  Osmium. 


§ L P0TASSIU3I.  K.  40. 

Potassium  (or  Kalium  of  the  German  chemists)  was  discovered  in 
1807  hy  Sir  Humphry  Davy  {Phil.  Trans..^  1808).  lie  obtained  it  by 
submitting  liydrate  of  potassa,  or  caustic  potash,  to  the  decomposing 
action  of  Voltaic  electricity:  the  metal  was  slowly  evolved  along  with 
liydrogen  at  the  negative  pole.  By  this  process,  however,  it  could  only 
be  procured  in  very  minute  quantities,  and  other  methods  have  since 
been  devised.  The  following  is  that  originally  suggested  by  Gay  Lussac 
and  Thenard  {Rechcrches  Ph^sico-clujmiqiies'),  and  is  the  first  by  which 
large  quantities  of  potassium  Avere  obtained. 

1.  A sound  and  perfectly  clean  gun-barrel  is  bent,  as  shown  in  the 
annexed  sketch  (fig.  313).  It  is  then  covered  Avith  an  infusible  lute 
between  the  letters  o and  e,  and  the  interior  of  the  luted  part  is  filled 
Avith  clean  iron- 
turnings.  Pieces  of 
fused  potassa  are 
then  loosely  placed 
in  the  barrel  be- 
tween E and  c.  A 
A is  a copper  tube 
and  small  receiver, 

Avhich  are  adapted 
to  the  extremity  o, 
and  to*  each  other, 
by  grinding.  This 
apparatus  is  next 
transferred  to  the 
furnace,  arranged 
as  shown  in  fijr. 

314,  X and  T repre- 
senting tAvo  glass 

tubes  dipping  into  mercury.  The  furnace  is  supplied  Avith  air  by  a good 
double  belloAvs  entering  at  b,  and  a small  Avire  basket,  g,  is  suspended 
beloAv  the  space  eg. 

The  part  of  the  barrel  in  the  furnace  is  noAV  cautiously  raised  to  a 
Avhite  heat,  and  the  escape  of  air  by  the  tube  x shows  that  all  is  tight. 
Some  burning  charcoal  is  then  put  at  the  end  e,  of  the  cage  g,  Avhich 
causes  a portion  of  potassa  to  liquify  and  fall  into  the  lower  part  of  the 
barrel  upon  the  iron.  Hydrogen  gas  instantly  escapes  by  the  tube  x,  and 
attention  must  noAV  be  had  to  keep  the  copper  tubes  a a cool,  by  laying 
Avet  cloths  upon  them.  When  the  evolution  of  gas  ceases,  fresh  char- 
coal is  placed  under  the  potassa,  and  so  on  till  the  Avhole  has  passed  down; 
if  too  much  potassa  be  suffered  to  fall  at  once,  the  extrication  of  gas  at  x 
Avill  be  veiy  violent,  Avhich  should  be  avoided.  If  the  space  betAveen  a 
and  o should  become  stopped  by  potassium,  gas  Avill  issue  by  the  tube  t 
(Avhich  must  ahvays  be  under  a greater  pressure  of  mercury  than  the 
tube  x),  and  the  potassium  must  be  cautiously  fused  by  applying  hot 
charcoal  to  the  copper  tube,  Avhen  the  gas  will  again  appear  at  x and 
cease  at  t.  AVhen  the  operation  is  concluded,  the  tubes  x and  t are 
removed,  and  corks  quickly  applied  to  the  holes ; and  Avhen  the  apparatus 
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is  coo],  the  barrel  is  carefully  removed  from  the  furnace,  and  a little 
naphtha  suffered  to  run  through  it.  The  potassium  is  found  in  globules 
in  the  tube  and  receiver  a a,  and  considerable  portions  often  lodge  at  o. 
The  success  of  this  operation  is  certain,  if  the  heat  has  been  sufficient : 
but  the  barrel,  if  not  very  carefully  covered  with  lute,  is  apt  to  melt,  and 
much,  if  not  the  whole,  of  the  product  is  lost. 

2.  M.  Brunner  {Qjiarterly  Journal^  xv.  379)  employs  a spheroidal 
wrought-iron  bottle,  of  a capacity  between  a pint  and  a 
quart,  and  a piece  of  gun-barrel  of  the  annexed  shape  is 
fitted  to  its  neck  by  grinding  at  the  end  A.  When  this 
bottle  is  charged  and  well  luted  it  is  placed  in  a proper 
furnace,  nearly  perpendicularly,  and  so  that  the  greater 
part  of  the  tube  may  be  exposed  to  heat  (it  being  pro- 
tected by  coils  of  iron- wire  rolled  round  it),  while  the  end 

B projects,  and  has  attached  to  it  a copper  receiver  with  a small  safety- 
tube.  This  receiver,  when  in  use,  is  about  half  filled  with  naphtha,  and 
kept  cold  by  ice  or  cold  water.  The  bottle  is  charged  with  4 ounces 
of  fused  caustic  potassa,  introduced,  in  small  portions,  alternately,  with  6 
ounces  of  clean  iron-turnings  broken  in  a mortar,  and  1 ounce  of  powdered 
charcoal ; and  this  mixture  is  covered  by  2 ounces  more  of  iron-turnings: 
it  is  then  placed  in  a furnace,  and  a glass  tube  inserted  into  the  pro- 
truding barrel  at  b.  As  soon  as  the  whole  acquires  a bright  red  heat, 
inflammable  gas  is  evolved,  which  burns  with  a violet  flame,  and  shortly 
after  the  green  vapour  of  potassium  is  seen  in  the  glass  tube,  which  is 
then  removed,  and  the  copper  receiver  substituted,  so  that  the  end  J3  may 
dip  into  the  naphtha.  When  the  evolution  of  gas  ceases,  the  fire  is 
extinguished,  and  the  receiver  carefully  removed.  A very  successful 
result  furnished  150  grains  of  potassium,  in  small  globular  masses.  In 
another  experiment  the  mixture  in  the  retort  consisted  of  8 ounces  of 
pure  and  fused  carbonate  of  potassa,  6 of  iron-turnings,  finely  bruised, 
and  2 of  charcoal:  from  these,  140  grains  of  potassium  were  obtained. 

3.  In  Germany,  where  large  quantities  of  potassium  are  obtained  by 
the  decomposition  of  potassa  by  carbon,  crude  tartar  is  resorted  to  as  its 

source,  which  is  first  cal- 
cined so  as  to  be  converted 
into  an  intimate  mixture  of 
charcoal  and  carbonate  of 
potassa.  Mitscherlich  di- 
rects 6 lbs.  of  tartar  to  be 
icjnited  in  a covered  melt- 
ing-pot  till  gases  are  no 
longer  evolved,  the  product 
is  then  reduced  to  powder 
before  it  cools,  and  mixed 
Avith  10  ounces  of  common 
charcoal  in  very  coarse  poAA'- 
der.  This  mixture  is  put 
into  a AATOUght-iron  bottle 
fig.  316,  (such  as  used 
for  holding  mercury),  Avell 
luted  exteriorly  AAuth  amiX" 
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ture  of  sand  and  clay,  and  placed  on  its  side  in  a ^vind-furnace,  (sup- 
ported by  a fire-brick  B,)  a short  iron  tube  c,  as  wide  as  the  bottle  will 
admit  of,  being  fitted  to  it  by  grinding,  to  connect  it  with  the  copper 
receiver  d e,  which  is  half  filled  with  naphtha,  and  provided  with  a tube 
for  the  escape  of  gas,  and  with  the  means  of  occasionally  introducing  an 
angular  iron  rod  f,  so  as  to  cleanse  the  connecting  tube  should  it  become 
clogged.  As  first  obtained,  the  potassium  is  impure,  and  partly  perhaps 
in  the  state  of  a carburet ; so  that  it  generally  requires  to  be  purified  by 
redistillation,  which  is  performed  in  a small  iron  retort,  the  beak  of  Avhich 
dips  into  naphtha ; the  process  requires  care,  and  is  attended  by  the  loss 
of  more  or  less  of  the  metal.  (See,  in  reference  to  the  details  of  this 
process,  Berzelius'  Lehrhuch^  II.  51,  EcL  1844,  Dresden.) 

The  theory  of  these  operations  is  not  clearly  understood  in  its  minute 
details.  When  pure  hydrate  of  potassa  is  employed  in  the  gun-barrel 
experiment,  more  than  a fourth  of  its  weight  of  potassium  is  never 
obtained  ; the  remainder  is  chiefly  found  partly  undecomposed  and  partly 
in  combination  with  the  produced  oxide  of  iron,  forming  a hard  brittle 
compound,  difficultly  acted  on  by  water.  A grey  pulverulent  compound 
of  carbonic  oxide  and  potassium  is  also  at  the  same  time  formed.  The 
evolution  of  potassium  is  in  this  case  dependent  upon  the  attraction  of 
the  iron  at  a high  heat  for  oxygen;  the  water  of  the  potassa  is  at  the 
same  time  decomposed,  and  possibly  the  nascent  hydrogen  may  perform 
its  part  in  the  reduction ; the  readiness  with  which  potassium  assumes 
the  elastic  state  at  high  temperatures  also  contributes  to  its  evolution. 

In  the  process  in  which  carbon  and  carbonate  of  potassa  are  used,  the 
carbon  deoxidizes  both  the  carbonic  acid  and  the  oxide  of  potassium, 
forming  carbonic  oxide,  which  is  evolved  during  the  operation ; the  above 
mentioned  grey  compound  is  also  at  the  same  time  produced.  This  sub- 
stance by  the  action  of  water  yields  peculiar  combinations,  Avliich  will  be 
described  further  on  as  oxicarhurels  of  potassium^  (p.  591.)  A black 
substance  is  also  sometimes  formed  in  these  operations,  the  composition 
of  which  has  not  been  determined,  but  Avhich  is  probably  a carburet  of 
potassium : it  is  dangerously  explosive,  and  often  detonates  when  touched 
by  a hard  or  sharp  substance ; it  seems  also  sometimes  to  be  formed  when 
impure  potassium  is  fused  under  naphtha,  especially  if  the  operation  be 
performed  at  too  high  a heat.  Potassium  may  be  fused  and  obtained  in 
beautifully  brilliant  globules  by  heating  it  in  melted  tallow  ; but  if  in  this 
process  the  temperature  be  too  high  the  mixture  blackens,  inflames,  and 
explodes,  especially  if  it  be  stirred  with  the  view  of  collecting  the  scat- 
tered globules  into  one  mass,  so  that  these  operations  require  caution  in 
their  performance. 

Potassium  is  a bluish-white  metal  of  great  lustre.  It  instantly  tar- 
nishes by  exposure  to  air,  and  is  gradually  converted  into  an  oxide ; but, 
according  to  Bonsdorff,  in  air  which  is  perfectly  free  from  moisture  and 
carbonic  acid,  it  retains  its  lustre.  At  60°  it  is  malleable,  and  of  the  con- 
sistency of  wax.  Its  specific  gravity  is  about  0'865.  It  is  most  conve- 
niently preserved  in  naphtha,  either  by  immersing  it  in  that  liquid,  or  by 
dipping  the  pieces  of  metal  into  it,  and  keeping  them  thus  varnished,  in 
a small  well-stopped  phial.  AYheii  used,  the  exterior  must  be  wiped 
with  blotting-paper,  or  scraped  ; or  the  naphtha  may  be  driven  off  by  a 
gentle  heat.  At  150°  it  enters  into  perfect  fusion;  and  at  a bright  red 
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heat,  in  close  vessels,  it  boils,  and  rises  in  green  vapor.  At  32°  it  is  a 
hard  and  brittle  solid,  of  a crystallized  texture.  If  heated  in  air,  it  burns 
Avitli  a brilliant  purple  flame.  It  is  an  excellent  conductor  of  electricity 
and  of  heat,  and  its  lustre  is  Avell  shown  by  fusing  it  under  tallow  or 
naphtha,  through  which  it  is  seen  as  brilliant  as  mercury ; or  by  flatting 
a clean  globule  of  it  by  pressure  between  two  pieces  of  plate  glass.  ‘ 

Potassium  and  Oxygen.  There  are  three  oxides  of  potassium, 
namely,  a suboccide:=i^20^  a protoxide— ^0,  Avhich  in  the  state  of  hy- 
drate constitutes  caiistic  potassa  — l^O^TLOy  and  a peroxide 

^ SuBoxiDE  OF  Potassium.  K2O,  is  formed  by  heating  potassium  in  a 
limited  portion  of  air,  the  oxygen  of  which  is  insufficient  for  its  conversion 
into  protoxide:  it  is  also  formed  by  heating  I part  of  potassium  with  U|- 
of  hydrate  of  potassa ; Avhile  hot  it  is  reddish,  but  grey  when  cold  : it  is 
very  fusible  and  inflammable,  taking  fire  when  gently  heated,  and  burning 
into  peroxide.  Water  converts  it  without  combustion  into  potassa,  hy- 
drogen being  evolved.  At  a white  heat  out  of  contact  of  air  potassium  is 
volatilized,  and  protoxide  remains.  (II.  Davy.  G.  Lussac  and  Thenard. 
Berzelius.) 

Protoxide  of  Potassium.  Anhydrous  Potassa.  KO.  Anhydrous 
potassa  is  most  readily  obtained  by  heating  I atom  of  potassium,  = 40  with 
I of  hydrate  of  potassa=57  : hydrogen  is  evolved,  and  2 atoms  of  prot- 
oxide are  formed.  (KH-K0,H0  — 2KO + H.)  When  I atom  of  potas- 
sium acts  upon  I atom  of  water  out  of  the  contact  of  air,  it  is  also  pro- 
duced. (K  4-H0  = K0 +H.)  When  peroxide  of  potassium  is  intensely 
heated,  it  loses  ox3^gen  and  leaves  protoxide.  (H.  Davy.)  It  is  a hard 
grey  brittle  substance,  fusible  at  a bright  red  heat,  sp.  gr.  about  2‘65  : 
extremely  caustic  and  alkaline. 

The  composition  of  this  oxide  is  learned  by  the  action  of  potassium 
upon  water  : when  the  metal  is  thrown  upon  water,  or  even  upon  ice,  it 
inflames  with  the  evolution  of  hydrogen,  and  burns  into  a small  globule 
of  fused  potassa,  Avhich,  in  combining  Avith  Avater,  produces  so  much  heat 
as  to  cause  a slight  explosion.  If  the  potassium  be  plunged  under  Avater 
the  decomposition  ensues  Avith  explosive  Auolence,  but  by  carefully  em- 
ifloying  small  quantities  of  the  metal,  or  by  previously  amalgamating  it 
Avith  mercury,  the  experiment  may  be  so  conducted  as  to  collect  the  evolved 
hydrogen,  Avliich  thus  becomes  the  indicator  of  the  quantity  of  oxygen 
taken  by  the  potassium,  100  parts  of  Avhich  are  thus  found  to  combine 
with  20  of  oxygen  : and  20  : 100  : ; 8 : 40,  so  that  the  equivalent  of 
potassium  thus  deduced  is  40.  The  equivalent  deduced  from  other 
sources  fluctuates  betAveen  39  and  40,  the  average  of  the  closest  experi- 
ments giving  the  fraction  nearest  to  the  latter  number,  oxygen  being =8. 
I have  therefore  retained  40  as  the  equivalent  of  potassium  upon  the  hy- 
drogen scale.  (39'3  Graham,  39-15  Turner,  39’2  L.  Gmelin,  39  08 
Penny.)  The  composition  of  anhydrous  potassa  is  therefore 

Gay  Lussac 

Berzelius.  and  Thenard.  Davy. 

Potassium  1 ....  40  ....  83-33  ....  83-05  ....  83'371  '....  85 

Oxygen  ....  1 ....  8 ....  KTO?  ....  18-95  ....  18829  ....  15 

Potassa 1 48  100-00  100-00  100-000  100 
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Hydrated  Protoxide  of  Potassium.  Caustic  Potassa,  K0,TI0, 
is  usually  procured  hy  decomposing  carbonate  of  potassa  by  lime.  The 
process  consists  in  boiling  in  a clean  iron  vessel  pure  carbonate  of  potassa, 
-vvitli  half  its  -vveiglit  of  pure  c|uickllme,  in  8 or  10  parts  of  water.  The 
lime,  wliicli  may  be  previously  slaked,  is  gradually  added  to  the  boiling 
alkaline  solution,  which  is  kept  constantly  stirred,  and  towards  the  end  of 
the  operation  it  is  tested  by  filtering  a small  portion,  and  pouring  it  into 
three  or  four  times  its  bulk  of  dilute  nitric  acid;  if  there  be  no  efferves- 
cence, sufficient  lime  has  been  used;  but  if  carbonic  acid  escapes,  the 
ebullition  with  lime  must  be  continued,  taking  care  to  keep  up  the  ori- 
ginal quantity  of  water,  until  the  tested  portion  shows  no  signs  of  carbonic 
acid.  The  whole  is  then  allowed  to  remain  quiet,  that  the  carbonate  of 
lime  and  excess  of  the  hydrate  of  lime  may  subside;  the  clear  liquor  or 
/c?y  may  then  be  siphoned  or  poured  ofp,  concentrated  by  evaporation, 
strained  through  a clean  calico  filter,  and  set  by  in  a well-stopped  bottle 
till  it  admits  of  being  decanted  from  any  sediment.  The  clear  solution  is 
to  be  evaporated  in  a polished  iron  or  pure  silver  vessel  till  it  assumes 
the  appearance  of  an  oily  liquid,  and  concretes  on  cooling.  (It  is  often 
cast  into  sticks  for  the  use  of  surgeons,  who  employ  it  as  a caustic;  in 
this  state  it  generally  contains  some  peroxide  and  other  impurities,  and 
evolves  oxygen  and  deposits  a sediment  when  dissolved  in  water.)  It  is 
the  potassa Jitsa  of  the  London  Pharmacopoeia;  the  Lapis  infernalis  of 
old  pharmacy.  Having  obtained  it  in  this  state  it  is  sometimes  further 
purified  by  boiling  it  in  a silver  basin  with  highly-rectified  alcohol  for  a 
few  minutes,  and  then  setting  it  by  in  a stopped  phial ; when  the  impu- 
rities are  deposited  the  alcoholic  solution  may  be  poured  off  and  rapidly 
evaporated  to  dryness  in  a silver  vessel;  or  if  the  quantity  of  alcohol  be 
considerable,  it  may  be  distilled  off  in  a silver  alembic  with  a glass  head: 
the  heat  may  then  be  raised  so  as  to  fuse  the  potassa,  which  on  cooling 
should  be  broken  up  and  preserved  in  well-closed  phials:  if,  however, 
jmre  materials  and  due  care  be  employed,  the  alcoholic  purification  may 
be  dispensed  with,  inasmuch  as  when  so  prepared  the  product  always 
contains  traces  of  carbonate,  and  sometimes  of  acetate  of  potassa. 

Caustic  potassa  may  also  be  obtained  by  decomposing  sulphate  of 
potassa  by  baryta:  pure  crystallized  sulphate  of  potassa  in  fine  powder  is 
added  to  concentrated  baryta- water;  sulphate  of  baryta  falls,  and  potassa 
remains  in  solution;  equivalent  proportions  must  be  carefully  adhered  to, 
or  only  a very  slight  excess  of  baryta  left,  which  falls  as  carbonate  during 
the  evaporation  of  the  clear  decanted  liquor*. 

Hydrate  of  potassa  consists  of 

Berzelius,  Gay  Lussac.  Berthollet. 

Potassa  1 ....  40  ....  04-21  ....  04  ....  81-55  ....  86-OG 

Water 1 ....  9 ....  15-79  ....  IG  ....  10-45  ....  13-G4 

Hydrate  of  potas.sa  I 57  100-00  100  100-00  100-00 


* As  potassa  is  generally,  and  indeed 
almost  exclusively  procured  from  vegeta- 
bles, it  was  formerly  called  vegetable  alkali : 
but  it  also  exists  in  certain  minerals,  and 
in  a few  animal  secretions.  Fuchs  says  that 
it  may  be  economically  obtained  from  cer- 


tain varieties  of  felspar : for  this  purpose 
they  are  calcined  with  lime,  then  left  for 
some  time  in  contact  with  water,  and  the 
liquor  filtered  and  evaporated.  He  says  he 
has  thus  procured  per  cent,  ii'om  felspar 
and  15  from  mica. 
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Hydrate  of  potassa  is  white  and  somewhat  crystalline  in  texture:  its 
sp.gr.  1*7.  (2.1  Dalton.)  It  is  very  acrid  and  corrosive,  fusible  at  a 
heat  below  redness,  and  evaporates  from  an  open  vessel,  at  a bright-red 
heat,  in  the  form  of  acrid  fumes.  A platinum  wire,  dipped  into  potassa 
and  heated  by  the  blowpipe,  communicates  a characteristic  violet  tint  to 
the  flame.  At  a white  heat  it  is  decomposed  by  charcoal,  and  carhuretted 
hydrogen,  carbonic  oxide,  and  potassium,  are  formed.  It  quickly  absorbs 
moisture  and  carbonic  acid  from  the  air,  and  is  soluble  in  half  its  weight 
of  cold  water.  When  reduced  to  powder  and  slightly  moistened  it  forms 
a crystallized  combination  which  is  said  to  be  a terhydraie ; KO,3HO. 
By  keeping  a strong  aqueous  solution  of  potassa  at  a low  temperature  in 
a stopped  phial,  octohedral  and  tabular  crystals  may  be  obtained  which 
are  stated  to  be  a definite  KO,5HO.  (P.  Walter,  Pog- 

gend.^  xxxix.  192.) 

It  is  highly  alkaline,  powerfully  reddening  turmeric,  and  converting 
several  vegetable  blues  to  green : and  by  a strong  solution  of  it  these  colors 
are  almost  destroyed.  It  also  acts  energetically  upon  the  greater  number 
of  organic  products,  and  unites  with  the  fat  oils  to  form  soap,  hence  the 
term  soap-lye^  applied  to  its  aqueous  solution. 

When  touched  with  moist  fingers  caustic  potassa  has  a soapy  feel,  in 
consequence  of  its  action  upon  the  cuticle,  and  it  then  exhales  a peculiar 
odor;  this  is  also  perceptible  in  the  solution  of  potassa,  and  is  probably 
referable  to  the  formation  of  ammonia,  arising  from  traces  of  organic 
matter  accidentally  present.  In  the  fused  state  it  produces  heat  when 
dissolved  in  water;  but  in  its  crvstallized  state  it  excites  considerable 
cold,  especially  when  mixed  with  snow.  At  a natural  temperature  of 
30°,  Lowitz  found  that  equal  weights  of  crystallized  potassa  and  snow 
depressed  the  thermometer  45°.  {Ann.  de  Chim.^  xxii.)  It  dissolves 
sulphur  and  several  sulphurets,  and  alumina  and  silica.  The  oxides  of 
manganese,  zinc,  tin,  lead,  antimony,  cobalt,  arsenic,  molybdenum,  tung- 
sten, and  nickel,  are  also  soluble  in  aqueous  solution  of  potassa. 

The  Liquor  Poiassoe  of  the  London  Pharmacopoeia  is  directed  to  be 
prepared  as  follows:  “Take  of  carbonate  of  potassa  15  ounces,  lime  8 
ounces,  boiling  distilled  water  a gallon.  Dissolve  the  carbonate  in  half  a 
gallon  of  the  wmter;  sprinkle  a little  of  the  water  upon  the  lime  in  an 
earthen  vessel,  and  the  lime  being  slaked  add  the  rest  of  the  water.  The 
liquors  being  immediately  mixed  together  in  a close  vessel,  shake  them 
frequently  until  they  are  cold;  then  set  the  mixture  by  that  the  car- 
bonate of  lime  may  subside.  Lastly,  having  poured  off  the  supernatant 
liquor,  keep  it  in  a w'ell-stoppered  green  glass  bottle.”  Its  specific  gravity 
is  1*063.  There  is  some  difficulty  in  preserving  this  aqueous  solution  of 
potassa,  for  if  kept  in  a corked  bottle  the  cork  is  soon  acted  on  and 
decayed;  and  if  a bottle  with  a glass  stopper  be  used,  the  stopper  is  apt 
to  become  immovably  fixed. 

When  a solution  of  caustic  potassa  is  required  to  be  filtered,  it  is  very 
apt  both  to  act  upon  the  filter  and  to  absorb  carbonic  acid  from  the  air, 
so  that  filtration  should  in  all  cases  as  far  as  possible  be  avoided,  and  the 
liquor  obtained  clear  by  subsidence:  on  the  large  scale  linen  strainers 
are  generally  used;  upon  the  small  scale  the  absorption  of  carbonic  acid 
may  be  prevented,  by  covering  the  funnel  with  a plate  of  glass,  and  receiv- 
ing it  into  a bottle  as  nearly  air-tight  as  possible;  the  annexed  filtering 
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apparatus,  (fig.  317,)  contrived  by  Mr.  Donovan  {^Ann.  of 
Philosophy,  xxvi.  115),  may  also  sometimes  be  used.  It 
consists  of  two  glass  vessels  connected  by  a tube,  made  air- 
tight by  perforated  corks  at  the  junctions  a and  h.  The 
upper  vessel  containing  the  solution  to  be  filtered,  termi- 
nates in  a conical  pipe,  ground  into  the  lower  one,  and 
into  which  is  stuffed  a piece  of  coarse  linen.  But  in 
most  cases  filtration  may  be  dispensed  with,  and  the  solu- 
tion of  potassa  obtained  clear  by  mere  subsidence. 

In  all  cases  wdiere  solution  of  potassa  is  employed,  it 
must  be  recollected  that  it  gradually  acts  upon  glass, 
especially  upon  flint  glass,  wdiich  abounds  in  oxide  of 
lead;  hence  green  glass  vessels  are  preferable;  but  wdiere 
the  alkaline  solution  is  to  be  exposed  to  heat,  or  evapo- 
rated to  dryness,  even  these  communicate  some  impurity, 
and  in  such  cases  vessels  of  pure  silver  can  only  be  relied 
upon,  for  almost  all  other  metals,  platinum  not  excepted, 
are  more  or  less  acted  upon. 

The  solution  of  caustic  potassa  is  frequently  impure 
from  the  presence  of  carbonic  acid,  silica,  alumina,  lime, 
and  sulphuric  or  hydrochloric  acid.  If  nitric  acid  cause 
an  effervescence  when  dropped  into  it,  it  indicates  carbonic  acid;  if  a 
gelatinous  precipitate,  not  soluble  in  very  slight  excess  of  acid,  it  is  silica; 
if  soluble,  it  cdumina.  The  presence  of  lime  is  shown  by  adding  oxalate 
of  ammonia  to  the  solution  previously  neutralized  by  nitric  acid:  in  the 
same  solution  nitrate  of  silver  will  indicate  hydrochloric  acid,  or  chlorine, 
and  nitrate  of  baryta,  sulphuric  acid,  or  sulphates. 

It  may  sometimes  be  useful  to  know  the  quantity  of  real  potassa  con- 
tained in  watery  solutions  of  different  specific  gravities;  the  following  are 
the  results  of  Dalton’s  experiments,  in  reference  to  this  question: 


Specific 

Potassa 

Boiling- 

Specific 

Potassa 

Boiling- 

Gravity. 

per  Cent. 

Point. 

Gravity. 

per  Cent. 

Point. 

1-G8  

. 51-2  

329° 

1-33  .... 

...  2G-3 

229° 

1-GO  

. 4G-7  

290 

1-28  .... 

...  23-4 

994 

1-52  

. 42-9  

27G 

1-23  .... 

...  19-5 

220 

1-47  

. 39-G  

2G5 

1-19  .... 

...  lG-2 

218 

1-44  

. 3G-8  

255 

1-15  .... 

...  13- 

215 

1-42  

. 34-4  

24G 

Ml  .... 

9-5 

214 

1-39  

. ,32-4  

240 

POG  .... 

...  4-7 

213 

rsG  

. 29-4  

234 

Peroxide 

OF  Potassium.  K03. 

When  potassium  is  bui 

ned  -with  free 

access  of  air. 

or  in  oxygen 

gas,  a yellow  fusible 

substance 

is  obtained. 

which,  on  cooling,  acquires 

a scaly  crystalline  appearance. 

It  consists  of 

Gay  Lussac 

and  Then.ard. 

Potassium  

1 .. 

40  

. G2-5  ... 

. ..  G5 

Oxygen 

3 .. 

24  

. 37-5  ... 

....  35 

Peroxide  of  potassium.. 

1 

G4 

lOO-O 

100 

This  substance  has  some  singular  properties;  it  supports  the  combus- 
tion of  most  of  the  Inflammables,  and  w'hen  heated  in  hydrogen,  diminishes 
the  bulk  of  the  gas,  and  forms  water:  it  decomposes  ammonia  under  the 
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same  circumstances.  When  put  into  water,  oxygen  gas  is  evolved,  and 
a solution  of  potassa  obtained.  When  hydrate  of  potassa  is  fused  in  an 
open  crucible,  a portion  of  its  water  is  disengaged,  and  oxygen  absorbed, 
so  as  to  form  this  peroxide;  and  hence  it  is,  that  common  caustic 
potassa  almost  always  effervesces,  and  gives  out  oxygen  upon  the  affu- 
sion of  water.  AVhen  potassium  is  dropped  into  melted  nitre,  the  per- 
oxide is  also  formed;  likewise  by  passing  oxygen  over  potassa  heated  to 
redness. 

Potassium  and  Chlorine.  Chloride  or  Potassium.  KCI.  Potas- 
sium burns  brilliantly  in  chlorine,  especially  if  introduced  into  the  gas  in 
the  state  of  fusion,  as,  otherwise,  a crust  of  chloride  is  apt  to  form  and 
protect  the  interior  from  further  action.  This  compound,  formerly  called 
mur'iate  of  potash^  consists  of 

Uro. 

Potassium 1 40  52‘G  53 

Chlorine  1 ..  36  47’4  47 

Chloride  of  potassium 1 76  lOO'O  100 

When  potassium  is  heated  in  gaseous  hydrochloric  acid,  chloride  of 
potassium  is  formed,  and  hydrogen  evolved;  an  experiment  already 
adverted  to  under  the  article  Hydrochloric  Acid  (p.  315).  It  is  also 
formed  by  dissolving  potassa  or  its  carbonate  in  h3'drochloric  acid,  and 
evaporating  to  dryness.  The  affinity  of  potassium  for  chlorine  exceeds 
even  that  for  oxygen ; so  that  potassa  heated  in  chlorine  loses  oxygen 
(and  water),  and  yields  chloride  of  potassium:  hence,  also,  potassium 
heated  with  other  chlorides,  evolves  their  bases  and  forms  chloride  of 
potassium.  When  chlorine  is  passed  over  iodide  of  potassium  at  a red 
heat,  iodine  is  expelled,  and  chloride  of  potassium  formed. 

Chloride  of  potassium  dissolves  in  three  parts  of  water  at  60°,  or, 
according  to  Gay  Lussac,  100  parts  water  at  32°  dissolve  29’23,  and 
for  eveiy  P8°  above  32°,  the  water  takes  up  0*2738  more  of  the  salt. 
One  part  of  the  powdered  salt  stirred  into  four  parts  of  cold  water 
produces  a depression  of  temperature  of  between  20°  and  25°,  whereas 
chloride  of  sodium  under  the  same  circumstances  only  depresses  the  ther- 
mometer between  2°  and  3°;  hence  it  has  been  proposed  to  estimate  the 
relative  proportions  of  these  chlorides  when  mixed,  by  the  depression  of 
temperature  resulting  from  their  solution.  Chloride  of  potassium  crystal- 
lizes in  cubes,  which  are  anhydrous ; its  taste  is  saline  and  bitter.  Its 
sp.  gr.  1*9.  In  old  pharmacy  it  was  called  digestive  salt  of  Sylvias; 
also,  regenerated  sea-salt.  It  is  insoluble  in  alcohol.  AYhen  intensely 
heated  in  open  vessels,  it  evaporates  in  the  form  of  white  fumes.  This 
salt  is  a residue  of  several  chemical  and  pharmaceutical  processes,  and  is 
sometimes  found  in  considerable  quantities  in  rough  salt-petre,  where  it 
is  often  mistaken  for  common  salt ; it  is  also  contained  in  kelp : the 
manufacturers  of  alum  occasionally  employ  it  as  the  source  of  potassa  in 
that  salt. 

When  a M^arm  solution  of  chloride  of  potassium  Is  mixed  with  per- 
chloride  of  iodine,  gold-colored  prismatic  crystals  are  formed,  very  soluble 
in  ivater,  and  immediately  decomposed  by  ether,  wliich  abstracts  the 
iodide  of  chlorine.  The  formula  of  the  cr^^stals  is  KCljIClS.  (Filhol. 
Jo2mi.  de  Pharmacicy  xxv.) 
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I Hypochlorite  of  Potassa.  K0,C10.  This  salt,  called  also  chloride 
'!  'of  potassa^  and  chlorinated  2)oiassa^  has  only  been  obtained  in  solution  by 
.adding  aqueous  bypocblorous  acid  to  solution  of  potassa.  When  chlorine  is 
( [passed  into  solution  of  carbonate  of  potassa  so  as  not  quite  to  saturate  the 
! alkali,  bicarbonate  of  potassa  is  at  first  formed,  which  crystallizes  out  of 
I tthe  solution:  upon  the  further  action  of  chlorine  carbonic  acid  is  evolved, 
il  jand  a solution  of  hypochlorite  of  potassa  is  obtained,  provided  the  liquor 
;|  Ibe  kept  cold.  If  heated,  or  if  more  than  I atom  of  chlorine  to  1 of  potassa 
I ibe  used,  the  hypochlorite  is  decomposed,  and  part  of  the  bleaching  power 
I'of  the  solution  destroyed.  A solution  of  hypochlorite  of  potassa  is  also 
I'obtained  by  double  decomposition  when  solution  of  hypochlorite  of  lime  is 
jiimixed  with  carbonate  of  potassa.  It  is  colorless,  powerfully  bleaching, 
i!:and  antiseptic.  When  chlorine  is  passed  over  slightly  moistened  carbo- 
i:  nate  of  potassa,  a bleaching  salt  mixed  with  bicarbonate  of  potassa  is 
obtained. 

Hypochlorate  of  Potassa.  K0,C104.  Chlorite  of  Potassa.  KO, 
j*  CIOs.  When  a solution  of  potassa  is  saturated  by  peroxide  of  chlorine 
1 (hypochloric  acid)  and  evaporated  in  vacuo,  crystals  resembling  chlorate 
|‘  of  potassa  are  formed,  but  which  when  acted  upon  by  a mixture  of  I part 
t of  sulphuric  acid  and  10  of  water,  give  off  peroxide  of  chlorine  with 
' effervescence.  The  crystals  are  decomposed  by  carbonic  acid : they  deli- 
quesce in  moist  air.  (Martens,  Aiifi.  Ch.  el  Ph.,  Lxi.  293.)  According 
I to  Millon,  peroxide  of  chlorine  gives  with  solution  of  potassa,  chlorate  and 
chlorite  of  potassa.  2C104  -[-2K0=K0,C105 -|-K0,C103. 

Chlorate  of  Potassa,  K0,C105  or  K,C106,  is  formed  by  passing 
excess  of  chlorine  through  a solution  of  potassa;  chloride  of  potassium 
is  one  of  the  results,  the  other  is  chlorate  of  jyotassa,  a salt  in  brilliant 
rhomboidal  tables  (formerly  called  oxymuriate  of  potash).  Its  crystalline 
I forms  have  been  described  by  Levy  {Quarterly  Journal.^  xv.  286),  and 
I by  Brooke  {Ann.  Phil.^  v.  451)  : they  belong  to  the  oblique  prismatic 
: system. 

This  salt  is  prepared,  upon  the  large  scale,  by  charging  one  or  two 
Woulfe’s  bottles  with  a strong  solution  of  pure  carbonate  of  potassa,  and 
passing  chlorine  slowly  through  it.  The  gas  is  absorbed,  and  the  liquor 
effervesces,  chiefly  from  the  escape  of  carbonic  acid;  when  this  has  ceased 
the  liquor  may  be  put  aside  in  a cold  dark  place  for  about  24  hours, 
when  it  will  be  found  to  have  deposited  a considerable  portion  of  the 
crystallized  chlorate,  which  may  be  taken  out,  drained,  and  purified  by 
solution  in  hot  water,  which,  during  cooling,  again  deposits  the  salt  in 
white  crystalline  scales.  The  mother-liquor,  from  which  more  of  the  salt 
may  be  obtained  by  evaporation,  is  often  of  a pinkish  tint,  from  the  pre- 
sence of  a trace  of  manganese ; but  this  disappears  when  sufficiency  of 
chlorine  has  been  passed  in  to  saturate  it,  and  it  acquires  a brownish  hue. 
Solution  of  pure  potassa  absorbs  the  gas  more  readily  than  the  carbonate, 
but  nearly  with  the  same  phenomena,  and  in  either  case  care  must  be 
taken  that  the  tube  conveying  the  chlorine  does  not  become  stopped  up 
by  the  salt,  which  is  apt  to  happen  if  it  be  not  sufficiently  capacious. 

The  action  of  chlorine  upon  a solution  of  carbonate  of  potassa  at  first 
produces  bicarbonate  of  potassa,  which,  by  the  continued  action  of  chlo- 
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rine,  is  decomposed,  the  whole  of  the  carbonic  acid  expelled,  and  hypo- 
chlorite of  potassa  and  chloride  of  potassium  are  then  formed;  GKO  + GCl 

3KC1  -4-  3[K0,C10]  : the  hypochlorite  is  itself  afterwards  resolved 
into  chlorate  of  potassa  and  chloride  of  potassium ; 3 [KO,CiO]  KO, 
C105  + 2KCI:  so  that  the  ultimate  result  maybe  thus  represented:  GKO 
4-  GC1=5KCI  -f  K0,C105. 

According  to  Lowig,  chloride  of  lime,  which,  by  long  keeping,  has 
lost  much  of  its  bleaching  power,  contains  chlorate  of  lime,  and  may  be 
used  for  the  preparation  of  chlorate  of  potassa:  the  solution  of  the  lime 
salt  is  boiled  in  order  to  complete  the  conversion  of  the  chlorite  into 
chlorate,  and  then  partially  decomposed  by  carbonate  of  potassa,  or 
evaporated  with  an  admixture  of  chloride  of  potassium,  when  chlorate 
of  potassa  crystallizes,  and  chloride  of  calcium  remains  in  solution. 
(Graham.) 

According  to  Graham  (Froc.  Chem.  Soc.^  I.),  the  following  is  the  most 
economical  process  for  the  preparation  of  this  chlorate.  One  equivalent 
of  carbonate  of  potassa  and  one  of  hydrate  of  lime  are  mixed  and  exposed 
to  a current  of  chlorine ; the  mass  becomes  hot  and  evolves  water  during 
the  absorption  of  the  gas : when  saturated,  it  is  gently  heated  to  com- 
plete the  decomposition.  No  oxygen  is  evolved,  the  action  being  such 
that  G [K0,C02]  and  G [CaO,HO] , acted  on  by  GCl,  yield  5 KCl  -{-  G [CaO, 
CO2]  4 K0,C105  ; whilst  6HO  are  evolved.  By  the  action  of  water 
the  soluble  salts  are  separated  from  the  carbonate  of  lime,  and  the  chlo- 
ride of  potassium  and  chlorate  of  potassa  by  crystallization. 

Chlorate  of  potassa  is  an  anhydrous  salt  of  a cooling  and  austere  taste. 
It  forms  tabular  crystals  of  a pearly  lustre,  belonging  to  the  oblique  pris- 
matic system.  (Brooke,  Ann.  Phil.^  xxi.  451.  Haidinger,  Edin.  Jour. 
Sc.^  I.  103.)  Its  specific  gravity  is  1*989.  (IIassenfratz.)  When 
pure,  its  aqueous  solution  is  not  rendered  turbid  by  nitrate  of  silver. 
When  triturated,  it  appears  phosphorescent.  It  decre2)itates  and  fuses  at 
a temperature  between  400°  and  500°:  at  a higher  heat  it  effervesces, 
and  gives  out  nearly  40  per  cent,  of  its  weight  of  oxygen,  and  chloride  of 
potassium  remains.  (As  a source  of  oxygen  gas  it  has  already  been  ad- 
verted to,  and  the  extraordinary  facility  of  its  decomposition  by  heat 
when  mixed  with  a little  oxide  of  manganese  (p.  270)  has  been  men- 
tioned: see  also  perchlorate  of  potassa.)  It  is  soluble  in  18  parts  of  cold 
and  2 ’5  of  boiling  water;  or,  according  to  Gay  Lussac,  100  parts  of  water 
at  32°  dissolve  3*5  parts,  at  59°  G parts,  at  95°  12  parts,  at  120°  19  parts, 
and  at  21G°,  which  is  the  boiling-point  of  the  saturated  solution,  GO 
parts.  It  is  soluble  in  120  parts  of  alcohol,  sp.  gr.  *840,  at  60°.  It  acts 
very  energetically  upon  many  inflammables,  and  triturated  with  sulphur, 
phosphorus,  and  charcoal,  produces  inflammation  and  explosion.  A mix- 
ture of  three  parts  of  this  chlorate  with  one  of  sulphur,  detonates  loudly 
when  struck  upon  an  anvil  with  a hammer,  and  even  sometimes  explodes 
spontaneously ; hence  it  should  not  be  kept  ready  mixed.  Chlorate  of 
potassa  was  proposed  by  Berthollet  as  a substitute  for  nitre  in  gun- 
powder. The  attempt  was  made  at  Essone,  in  1788;  but,  as  might  have 
been  expected,  no  sooner  was  the  mixture  of  the  chlorate  with  the  sul- 
phur and  charcoal  submitted  to  trituration,  than  it  exploded  with 
violence,  and  proved  fatal  to  several  persons.  AWth  phosphorus  the 
detonation  is  dangerously  violent ; the  experiment  is  best  made,  by  wrap- 
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})ing  a grain  of  pliosphorus  and  t^yo  of  the  chlorate  in  a small  piece  of 
. paper,  and  striking  them  a blow  with  a hammer,  u2)on  an  anvil.  The 
phosphorus  is  generally  thrown  about  in  an  inflamed  state.  These 
phenomena  depend  upon  the  sudden  decomposition  of  the  chloric  acid. 

* The  action  of  sulphuric  acid  upon  chlorate  of  potassa  has  already  been 
'i  adverted  to  (p.  279).  If,  instead  of  distilling  the  yellow  mixture  of  the 
li  acid  and  chlorate  with  the  caution  there  described,  it  be  heated  to  about 
^ 212°,  it  suddenly  explodes.  The  theory  of  this  action  is  more  explicitly 
,1  described  in  the  next  article. 

When  sulphuric  acid  is  dropped  upon  mixtures  of  this  salt  and  com- 
bustibles, instant  ignition  ensues  in  consequence  of  the  evolution  of  per- 
: oxide  of  chlorine.  A mixture  of  sugar  and  the  chlorate  thus  treated, 
i is  immediately  kindled,  with  a red  and  blue  flame ; and  a mixture  of 
I sulphuret  of  antimony  and  the  salt  suddenly  deflagrates  with  a bright  puff 
of  flame  and  smoke  : the  latter  mixture  requires  to  be  cautiously  made, 
as  it  often  takes  fire  by  gentle  trituration.  Matches  tipped  with  some  of 
t these  inflammable  mixtures,  and  called  Lucifers^  are  now  in  common  use, 
and  are  inflamed  either  by  friction,  or  by  the  contact  of  sulphuric  acid, 

I which  is  most  conveniently  applied  by  putting  some  asbestus  into  a small 
j well-stopped  phial,  and  moistening  it  with  sulphuric  acid ; the  match  is 
I rapidly  dipped  into  the  phial  and  inflames  on  touching  the  asbestus,  with- 
■ out  the  risk  of  spirting  about  the  acid.  Some  of  the  matches  which 
t inflame  by  a pinch  or  blow,  contain  a portion  of  a drop  of  sulphuric  acid 
: hermetically  sealed  in  a piece  of  very  small  and  thin  glass  tube,  and  which 
j escapes  when  broken,  and  acts  upon  the  inflammable  mixture.  Berzelius 
’ gives  the  following  as  the  best  composition  for  the  match  : 30  parts  of 
1 powdered  chlorate  of  potassa,  10  of  powdered  sulphur,  8 of  sugar,  5 of 
: gum-arabic,  and  a little  cinnabar.  The  sugar,  gum,  and  salt,  are  first 
rubbed  together  into  a paste  with  a sufficiency  of  water ; the  sulphur  is 
then  added,  and  the  whole  being  thoroughly  beaten  together,  small  brim- 
stone matches  are  dipped  in,  so  as  to  retain  a thin  coat  of  the  mixture 
upon  their  sulphuretted  points ; they  should  be  quite  dry  before  they  are 
used.  The  recently  improved  lucifer-matches  contain  phosphorus,  and 
inflame  by  slight  friction  upon  emery-paper  or  any  hard  rough  substance  ; 
so  that  the  inconvenient  use  of  oil  of  vitriol  is  entirely  superseded.  One 
of  the  compounds  occasionally  employed  in  percussion  gun-locks  is  a 
similar  composition:  10  parts  of  gunpowder  are  rubbed  with  water,  and 
the  soluble  part  poured  off;  the  remaining  paste  is  then  mixed  with  5^ 
parts  of  finely-powdered  chlorate  of  potassa,  and  a drop  of  it  put  into 
each  of  the  small  copper  caps  adapted  to  the  peculiar  tubular  touch-hole 
of  the  gun ; a blow  beiiig  struck  upon  the  cap  the  powder  is  inflamed, 
and  communicates  to  that  in  the  barrel.  The  great  disadvantage  of  this 
compound  is,  that  it  forms  products  which  soon  rust  the  touch-hole  and 
surrounding  parts;  fulminating  mercury  is,  therefore,  now  generally  sub- 
stituted. AYhen  pure  nitric  acid  acts  upon  chlorate  of  potassa,  no  oxide 
of  chlorine  is  formed,  but,  on  applying  heat,  chlorine  and  oxygen  are 
evolved,  and  nitrate  and  perchlorate  of  potassa  formed.  (Penny.)  4[K0, 
C105]  + 3N05  = 3 [K0,N05]  +K0,C107+3C1  -b  130.  Dilute  nitiic 
acid  does  not  decom])ose  chlorate  of  potassa,  even  at  a boiling  heat. 
IVhen  chlorate  of  potassa  and  iodine  are  heated  together,  chloride  of 
iodine  is  evolved,  and  chloride  of  potassium  and  chlorate  and  iodate  of 
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potassa  are  formed.  (Wohler.)  Iodine  added  to  a boiling  solution  of 
chlorate  of  potassa,  at  first  dissolves  without  color,  hut  a further  quantity 
of  iodine  renders  it  yellow  and  brown,  iodate  of  potassa  and  chlorides  of 
iodine  being  formed.  (Millon.) 

The  action  of  hydrochloric  acid  upon  this  salt  is  attended  by  the  evo- 
lution of  Davy’s  euchlorine^  or,  according  to  Millon,  of  chlorine  and 
peroxide  of  chlorine.  C105  + HC1:=  C104  + Cl  -f-  HO. 

When  sulphuric  or  nitric  acids  are  poured  upon  mixtures  of  chlorate 
of  potassa  and  certain  combustibles  under  water,  by  means  of  a long 
funnel,  inflammation  also  ensues.  In  this  way  a beautiful  experiment 
may  be  made  with  phosphorus,  a few  small  pieces  of  which  are  put  at 
the  bottom  of  a tall  glass  of  water,  and  a little  of  the  chlorate  thrown  in 
upon  it ; sulphuric  acid  is  then  carefully  introduced  into  the  contact  of 
the  salt,  by  a funnel  with  a tube  long  enough  to  reach  to  the  bottom  of 
the  glass;  the  phosphorus  presently  inflames  and  burns  vividly  in  different 
parts  of  the  fluid,  forming  a kind  of  well  of  fire.  A few  grains  of  chlorate 
of  potassa  put  into  a teaspoonful  of  hydrochloric  acid,  and  then  diluted 
with  water,  form  an  extemporaneous  bleaching-liquor. 

Chlorate  of  potassa  has  been  used  in  medicine  as  a means  of  im- 
parting oxygen  to  the  system,  but  Wohler  has  shown  that  it  passes  off 
undecomposed,  by  the  kidneys.  It  has  been  recommended  by  Dr.  Stevens 
{On  the  Bloody  p.  296),  as  a remedy  in  fever,  cholera,  and  other  malig- 
nant diseases  supposed  to  arise  from  deficiency  of  saline  matter  in  the 
blood;  but  as  he  always  administered  it  in  conjunction  with  other  salts, 
the  abstract  merits  of  the  chlorate  remain  doubtful,  and  have  probably 
been  overrated.  The  ultimate  elements  of  chlorate  of  potassa  are 


Oxygen  

..  6 

. 48 

38-71 

Chlorine 

..  1 

. 36 

29-03 

Potassium  

..  1 

40 

32-26 

consists  of 

Potassa 

. 1 , 

1 

48 

124 

38-70 

100-00 

Berzelius. 

38-49 

Chloric  acid  

. 1 , 

76 

61-30 

61-51 

Chlorate  of  potassa  ... 

. 1 

124 

100-00 

100-00 

Perchlorate  op  Potassa.  Oxichlorate  of  Potassa.  K0,CI07,  or- 
K,C108.  This  salt  is  formed  when  chlorate  of  potassa  is  heated  in  a. 
porcelain  crucible  till  it  fuses  and,  giving  out  a portion  of  oxygen,  becomes ; 
thick  and  pasty : the  cooled  mass,  dissolved  in  hot  water,  deposits  per-- 
chlorate  of  potassa  on  cooling,  which  may  be  purified  by  recrystallization. 
The  chloride  of  potassium  and  undecomposed  chlorate  remain  in  solution. 
The  action  of  heat  on  2 equivalents  of  the  chlorate  forms  I of  chloride  of' 
potassium,  and  1 of  perchlorate;  while  4 of  oxygen  are  evolved.  2[KO, 
•C105]  = [KCl -f  K0,C107]  +40. 

Perchlorate  of  potassa  is  also  formed  by  moistening  one  part  of  chlo- 
rate of  potassa  with  three  of  sulphuric  acid,  and  subsequently  carefidly 
warming  the  mass  till  it  becomes  white,  and  the  oxide  of  chlorine  is 
expelled  : in  this  state  it  consists  of  bisulphate  and  perchlorate  of  potassa, 
which  may  be  separated  by  solution  and  crystallization,  the  former  being 
much  more  soluble  in  cold  water  than  the  latter  salt. 
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Acid. 


(In  reference  to  the 
production  of  perox- 
ide of  chlorine  and  ^ 
perchloric  acid,  as  the  Sulphuric 
result  of  the  action  of 
sulphuric  acid  upon 
chlorate  of  potassa, 
the  annexed  diagram 
may,  perhaps,  be 
useful.  The  original 
substances  are  print- 
ed in  capitals,  the 
components  in  com- 
mon type,  and  the  re- 
sulting compounds  in 
italics;  the  volumes 
of  oxygen  and  of  chlo- 
rine being  shown  by  jj 
the  usual  symbols  of  Peroxide  of  { 
bulks  which  I have  Chlorine. 
elsewhere  employed. 

The  Eoman  numerals 
denote  the  number 
of  proportionals  or 
equivalents  presumed 
to  be  employed  or 
formed.) 


III. 
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Thus  it  appears  that  6 atoms  of  sulphuric  acid  acting  upon  3 of  chlo- 
rate of  potassa  form  3 of  bisulphate  of  potassa,  and  detach  3 of  chloric 
acid,  the  elements  of  which  are  3 of  chlorine  and  15  of  oxygen:  of  these, 
2 atoms  of  chlorine  and  8 of  oxygen  form  2 of  peroxide  of  chlorine ; 
and  the  remaining  1 of  chlorine  and  7 of  oxygen  form  perchloric  acid. 
If  instead,  as  in  the  above  diagram,  of  considering  the  mere  formation 
of  perchloric  acid,  Ave  refer  to  the  formation  of  perchlorate  of  potassa, 
we  must  assume  that  the  oxygen  is  transferred  to  the  chloric  acid  of 
an  undecomposed  portion  of  chlorate  of  potassa,  and  so  converts  it  into 
perchlorate*. 

Perchlorate  of  potassa  may  be  formed,  without  risk  of  explosion,  by 
heating  the  chlorate  in  nitric  acid,  4 atoms  of  the  chlorate  yielding  1 of 
the  perchlorate.  (See  p.  565.) 


* Millon  (Ann.  Ch.  et  Ph.,  1843,)  has  suggested  other  views  respecting  the 
compounds  of  chlorine  and  oxygen,  and  the  constitution  of  the  chlorates.  lie 
•describes  7 compounds,  which  he  names  as  follows : — 


1 . Hypochlorous  acid  CIO 

2.  Chlorous  acid  C103 

3.  Hypochloric  acid ClOl  = CUOlG  r=  3[C103],C107 

4.  Chloric  acid CIOs  = CI2O10  = C103,Cl7 

5.  Chlorochloric  acid  CI3O13  = 2[C103]  + CIO7  (euchloriiie  of  Davy). 

6.  Cliloroperchloric  acid  ....  CI3O17  = Ci03  4-  2[Ci07] 

7.  Perchloric  acid C107 


Of  these  the  hypochlorous,  chlorous,  and  pendent  compounds : he  represents  his 
perchloric  acids  are  considered  as  inde-  hypochloric  acid  as  including  3 equivalents 
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Perchlorate  of  potassa  does  not  change  vegetable  colors,  nor  is  It, 
altered  by  exposure  to  air.  Its  taste  resembles  that  of  chloride  of  potas-- 
slum.  It  crystallizes  in  anhydrous  rhombic  prisms.  It  requires  rather’^ 
more  than  65  parts  of  water  at  60°  for  its  solution:  it  is  more  soluble  in 
boiling  water;  insoluble  in  alcohol.  (Serullas,  Ajdi.  Ch.  et  Ph.)  It  is 
the  difficult  solubility  of  this  salt  which  has  suggested  the  occasional  use 
of  perchloric  acid  as  a precipitant  of  potassa  salts.  It  detonates  slightly 
when  rubbed  with  sulphur.  When  mixed  with  its  own  weight  of  sul- 
phuric acid,  and  distilled  at  280°,  aqueous  oxychloric  acid  passes  over. 
It  maybe  decomposed  by  exposure  to  a temperature  of  412°;  oxygen 
is  given  off,  equal  to  0*45  per  cent,  of  the  weight  of  the  salt,  and  chloride  i 
of  potassium  remains  in  the  retort. 

Gmelin  states  that  when  a saturated  solution  of  chlorate  of  potassa  is 
exposed  to  the  decomposing  agency  of  Voltaic  electricity,  transmitted  by 
platinum  poles,  crystals  of  perchlorate  of  potassa  are  formed  at  the  positive 
pole,  Avhilst  hydrogen  is  evolved  at  the  negative. 

The  ultimate  elements  of  this  salt  are 


Oxygen  

Chlorine  

8 

1 

C4 

3G 

45*7 

257 

Potassium  

1 

40 

28G 

1 

140 

1000 

Its  proximate  composition : 

Stadion. 

Potassa  

1 .... 

, 48 

• • • * 

34-3 

....  ,34-31 

Perchloric  acid  

1 .... 

, 92 

.... 

65-7 

....  C5-G9 

Perchlorate  of  potassa  ... 

. 1 

140 

1000 

100-00 

Iodide  of  Potassium.  KI.  Iodine  and  potassium  act  upon  each 
other  very  energetically,  and  often  with  explosion,  evolving  heat  and 
light,  and  a crystalline  compound  is  obtained,  rvbite  and  fusible.  Potas- 
sium also  burns  when  heated  in  the  vapor  of  iodine.  When  hydriodic 
acid  is  saturated  by  potassa,  and  the  solution  carefully  evaporated,  anhy- 
drous crystals  of  the  iodide  (or  as  it  is  sometimes  called  hydriodale  of 
potassa)  are  obtained.  The  usual  mode  of  procuring  this  compound 
consists  in  dissolving  iodine  in  solution  of  potassa,  till  it  begins  to  assume 
a brown  color  : on  evaporating  to  dryness,  and  fusing  the  residuary  salt 
at  a red  heat,  iodide  of  potassium  remains,  generally  mixed,  however,  with 
a little  iodate  : if  a little  charcoal  be  added  previous  to  fusion,  the  decom- 
position is  complete.  (Scanlan.)  If,  instead  of  fusing  the  products,  the 
solution  be  carefully  evaporated  nearly  to  dryness,  and  alcohol  poured 
upon  it,  the  iodide  is  dissolved,  and  there  remains  a salt  insoluble  in 
alcohol,  which  is  iodate  of  potassa^  and  which,  at  a red-heat,  evolves  oxy- 
gen, and  becomes  iodide  of  potassium.  The  action  of  iodine  upon  the 
alkali  appears  in  all  respects  to  correspond  with  that  of  chlorine,  that  is, 
6KO,  and  61,  produce  5KI,  and  K0,I05,  and  then  by  the  application 


of  chlorous,  and  1 of  perchloric  acid ; chloric 
acid  as  including  1 equivalent  of  chlorous 
and  1 of  perchloric  acid  : chlorochloric  acid 
as  including  2 equivalents  of  chlorous,  and 
1 of  perchloric  acid.  With  the  exception 
of  the  chloric  and  perchloric  acids,  Millon 


represents  the  above  compounds  as  volatile 
liquids  yielding  yellow  and  highly  explosive 
vapors.  He  considers  chlorate  of  potassa 
as  K0,C103-|-K0,C107,  and  that  in  its 
decomposition  by  heat,  the  former  salt  is 
that  from  which  the  first  oxygen  is  evolved. 
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ri  of  lieat  K0,I05,  becomes  KT,  and  Og  are  driven  off.  ‘‘  A certain  loss 
■)  may  occur  in  this  process  if  the  heat  applied  be  too  high;  and  if  the 
)i  temperature  be  not  liigh  enough,  iodate  of  potassa  may  remain  undecom- 
■ ) posed  ; this  last  effect  being  advantageous  to  the  manufacturer  by  in- 

i creasing  the  quantity  of  the  product,  is  more  liable  to  occur,  and  may  be 
!)!  detected  by  means  of  tartaric  acid,  as  ingeniously  proposed  by  Scanlan : 

1 this  acid  is  vithout  action  on  pure  iodide  of  potassium  further  than  to 

I liberate  hydriodic  acid,  'which  remains  for  a certain  time  unaltered  ; but  if 
^ a trace  of  iodate  of  potassa  be  present,  the  iodic  acid  which  it  sets  free 
I immediately  reacts  on  the  hydriodic  acid,  water  being  formed  and  iodine 
( liberated,  which  maybe  recognized  by  means  of  starch.”  (Kane,  El.  Ch.., 

I 692.)  Dr.  Turner  prepared  iodide  of  potassium  as  folloAvs:  add  as  much 
ij  iodine  to  a hot  solution  of  caustic  potassa  as  it  Avill  dissolve,  and  pass 
'!  sulphuretted  hydrogen  through  the  mixture  till  it  becomes  colorless;  expel 
3 any  excess  of  sulphuretted  hydrogen  by  heat,  filter,  neutralize  with  potassa, 

ii  and  ciystallize  : in  this  case  the  iodic  acid  is  decomposed  by  the  sulphu- 
:|  retted  hydrogen,  and  nothing  but  iodide  of  potassium  remains  in  solution. 

i Iodide  of  potassium  is  also  prepared  by  decomposing  a solution  of 
iodide  of  zinc  by  carbonate  of  potassa,  (when  Znl, + K0,C02  become 
KI  and  ZnO  + C02,)  and  filtering  off  and  evaporating  the  resulting  solu- 
i tion  of  the  iodide,  Avhich,  however,  is  apt  to  retain  iodide  of  zinc.  The 
! Pharmacopoeia  directs  the  decomposition  of  a solution  of  iodide  of  iron  by 
I carbonate  of  potassa,  when  reI  + K0,C02  become  KI,  and  FeO, + C02; 
but  in  this  case  all  traces  of  iron  are  difficultly  got  rid  of. 

Iodide  of  potassium  forms  cubic  and  prismatic  crystals  : they  are  an- 
hyd  rous,  and  slightly  deliquescent  in  damp  air.  According  to  Gay  Lussac, 
100  parts  of  water  at  65°  dissolve  143  of  this  salt,  and  a considerable 
depression  of  temperature  is  produced  during  the  solution;  it  is  sparingly 
soluble  in  absolute  alcohol,  but  much  more  so  in  alcohol,  sp.  gr.  '850.  It 
is  used  ill  medicine,  and  as  it  occurs  in  commerce  is  frequently  mixed 
with  chloride  of  potassium  and  sodium,  and  Avith  sulphate  and  carbonate 
of  potassa.  It  should  be  purchased  in  crystals,  AAdiich  ought  not  to  be 
very  deliquescent,  and  should  perfectly  dissolve  in  six  or  eight  parts  of 
alcohol,  sp.  gr.  *836.  They  generally  redden  turmeric  from  the  presence 
of  a little  adhering  carbonate  of  potassa.  According  to  P.  Phillips,  jun. 
{Pharm.  Jour?i.,  iv.  59,)  the  usual  impurities  in  the  iodide  are  chloride 
of  potassium  and  sodium,  iodate  of  potassa,  and  water.  To  detect  chlo- 
rine, the  iodide  may  be  decomposed  by  nitrate  of  silver,  and  the  AAaished 
precipitate  digested  in  strong  solution  of  ammonia ; if  the  filtered  solu- 
tion acidified  by  nitric  acid  give  a Avliite  precipitate,  it  is  chloride  of 
silver.  To  detect  iodate  of  potassa,  dissolve  in  cold  Avater,  acidulate  Avith 
tartaric  acid,  and  add  solution  of  starch  ; if  no  dark  color  is  produced, 
no  iodate  is  present. 

Iodide  of  potassium  consists  of 


Gay  Lussac. 

Potassium  1 ....  40  ....  24  ....  23'8 

Iodine  1 ....  12G  ....  7G  ....  76-2 


Iodide  of  potassium  ....  1 16G  100  lOO'O 

The  aqueous  solution  of  iodide  of  potassium  dissolves  a considerable 
portion  of  iodine;  this  solution,  under  the  name  of  iodurelled  iodide  of 
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jjotasshwiy  is  sometimes  used  in  medicine  : it  is  of  a deep  brown  color. 
According  to  Baup  a saturated  solution  of  iodide  of  potassium  will  dis~ 
solve  two  equivalents  of  iodine,  one  of  which  falls  on  diluting  the  solu- 
tion; but  according  to  Laboure,  this  and  similar  combinations  of  iodine 
wdth  the  soluble  iodides  are  not  definite,  and  the  quantity  of  iodine  taken 
up  varies  with  the  strength  of  the  solution.  When  shaken  with  ether, 
the  whole  of  the  free  iodine  is  abstracted  and  floats  upon  the  colorless 
solution  of  the  iodide.  (^Ck,  Gaz.^  Jan.  1844.) 

Iodide  of  potassium  is  decomposed  by  chlorine,  and  even  when 
largely  diluted  a very  minute  quantity  of  chlorine  discolors  the  solution : 
sulphuric  and  nitric  acids  also  discolor  it.  Bichloride  of  platinum  red- 
dens a solution  containing  only  a 12000th  of  the  iodide  ; and  protonitrate 
of  mercury  produces  a yellow  cloud  where  only  a 60000th  is  present. 
(Dublanc,  Journ.  Chim.  Med.,  ii.  120.)  Paper  which  has  been  bleached 
by  chlorine  is  generally  discolored  by  iodide  of  potassium;  and  if  charac- 
ters be  written  or  figures  drawn  with  solution  of  iodide  of  potassium,  they 
are  rendered  visible  in  the  manner  of  sympathetic  ink,  by  the  slightest 
breath  of  chlorine. 

loDiTE  OF  PoTASSA.  When  equivalents  of  iodine  and  of  common 
caustic  potassa  are  dissolved  in  water,  and  evaporated  to  dryness,  without 
heating  so  far  as  to  expel  oxygen,  the  residue,  being  redissolved  in  water, 
and  evaporated,  yields  large  crystals,  diftering  in  form  from  the  iodide  or 
iodate:  they  are  resolved  by  alcohol  into  iodide  of  potassium,  which  dis- 
solves, and  leaves  iodate  of  potassa.  (Reiman.) 

Iodate  op  Potassa.  K0,I05,  or  K,I06‘,  is,  as  above  stated,  one  of 
the  products  of  the  action  of  iodine  on  solution  of  potassa,  and  after 
evaporation  the  iodide  of  potassium  may  be  separated  from  the  iodate  by 
digestion  in  alcohol,  sp.  gr.  810,  which  leaves  the  latter  salt  undissolved. 
Iodate  of  potassa  is  also  formed  by  gradually  adding  3 parts  of  chlorate 
of  potassa  to  2 of  fused  iodide  of  potassium ; a mixture  of  chloride  of 
potassium  and  iodate  of  potassa  results,  which  dissolved  in  hot  water, 
deposits  the  latter  salt  on  cooling:  it  may  be  purified  by  dissolving  it  in 
water,  and  precipitating  by  alcohol.  (Henry,  Jonrn.de  Pharm.,  xviii.  345.) 

Iodate  of  potassa  requires  about  14  parts  of  water  at  60°  for  its  solu- 
tion: or,  according  to  Gay  Lussac,  it  dissolves  in  13  parts  of  water  at  the 
temperature  of  55°:  it  is  perfectly  insoluble  in  absolute  alcohol;  it  is 
more  soluble  in  a solution  of  iodide  of  potassium  than  in  pure  water.  Its 
crystals  are  small  cubes,  permanent  in  the  air;  at  a red  heat,  it  gives  out 
between  22  and  23  per  cent,  of  oxygen,  and  is  converted  into  iodide  of 
potassium,  no  periodate  being  intermediately  formed:  it  deflagrates  upon 
red-hot  charcoal  with  a purple  flame.  Its  aqueous  solution  is  decom- 
posed by  sulphuretted  hydrogen,  and  by  sulphurous  and  arsenious  acids : 
with  strong  hydrochloric  acid  it  yields  chloriodide  of  chloride  of  potas- 
sium, chlorine,  and  water.  (KO,I05  + 6HClr=KCl,ICl5 -1-2C1 -f  6HO.) 
Filhol.  Its  solution  in  excess  of  hot  nitric  acid  deposits  crystals  of  iodic 
acid  on  cooling,  and  nitrate  of  potassa  remains  dissolved  : -when  evapo- 
rated it  leaves  I atom  of  nitre,  and  1 of  biniodate  of  potassa:  at  a higher 
temperature  the  nitric  acid  goes  off  as  oxygen  and  nitrous  acid,  and  iodate 
of  potassa  remains.  (Penny.) 
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lodate  of  potassa  consists  of 


Potassa  1 ....  48  ....  22’54 

Iodic  acid 1 ....  166  ....  77'46 


i lodate  of  potassa 1 214  lOO’OO 

Serullas  has  described  a hiniodale  and  a ieriodate  of  potassa. 
i Ck.  et  Fh.,  xLiii.  113.)  The  biniodate  is  obtained  by  adding  an  additional 
equivalent  of  iodic  acid  to  a solution  of  the  neutral  iodate  saturated  at  a 
j high  temperature : it  forms  prismatic  crystals  with  dihedral  summits,  which 
I retain  an  equivalent  of  Avater,  but  which,  according  to  Graham,  may  he 

|i  rendered  anhydrous  by  heat : it  is  soluble  in  75  parts  of  water  at  60°. 

: The  ieriodate  is  formed  Avhen  a strong  acid  is  added  to  a hot  saturated 

; solution  of  the  neutral  iodate,  and  allowing  it  to  cool  slowly : it  forms 
I rhomboliedral  crystals  soluble  in  25  parts  of  Avater.  According  to  Serullas 
I the  biniodate  of  potassa  has  a great  tendency  to  form  double  salts;  one  of 

I these,  AAuth  chloride  of  potassunn^  is  obtained  in  crystals,  when  a little 

hydrochloric  acid  is  added  to  a solution  of  iodate  of  potassa  and  the  mix- 
ture subjected  to  spontaneous  evaporation:  it  contains  1 atom  of  the 
biniodate  Avith  1 of  chloride ; it  cannot  be  formed  by  the  direct  union  of 
its  component  salts,  and  is  decomposed  by  Avater.  Another  double  salt  of 
biniodate  Avith  bisulpkate  of  potassa  is  obtained  from  the  mother-liquor 
Avhich  remains  Avhen  teriodate  of  potassa  is  prepared  by  means  of  sul- 
phuric acid;  it  forms  crystals  which  are  decomposed  by  Avater,  and,  like 
the  preceding,  cannot  be  formed  directly. 

Bromide  of  Potassium.  K,Br.  Potassium  and  bromine  act  intensely 
upon  each  other,  evolving  heat  and  light,  and  producing  explosion.  When 
bromine  is  dropped  into  solution  of  potassa,  the  mixture  evaporated,  and 
the  residue  heated  to  redness,  bromide  (f  potassium  is  also  obtained.  Its 
sp.  gr.  is  2*4  : it  is  Avhite,  fusible,  and  crystallizes  in  cubes,  easily  soluble 
in  Avater,  and  slightly  so  in  alcohol.  It  consists  of 


Liebig.  Balard. 

Potassium  1 ....  40  ....  33-9  ....  32-58  ....  34-44 

Bromine  1 ....  78  ....  66-1  ....  67*42  ....  6556 


Bromide  of  potassium  ...  1 118  100-0  100-00  100-00 

It  is  prepared  for  medical  use,  either  by  the  above  process,  or  by 
decomposing  bromide  of  zinc  or  bromide  of  iron,  by  carbonate  of  potassa; 
it  should  be  purchased  in  crystals,  as  it  is  otherwise  apt  to  be  impure. 
It  yields  the  red  fumes  of  bromine  AAdien  acted  on  by  sulphuric  acid. 
According  to  Kane,  the  commercial  article  is  frequently  adulterated  Avitli 
chloride  of  potassium,  the  presence  of  Avhich  may  be  detected  as  folloAvs: 
“Dissolve  100  grains  of  the  salt  in  4 ounces  of  Avater,  and  decompose  it 
by  an  excess  of  nitrate  of  silver,  collect  the  precipitate,  AA-ash,  and  care- 
fully dry  it  in  a capsule  till  it  ceases  to  lose  Aveight,  then  Aveigh  it.  IF  it 
Avere  perfectly  pure  the  bromide  of  silver  should  Aveigh  158*8  grains,  but 
the  presence  of  chloride  of  potassium  Avould  have  the  effect  (from  the 
smaller  equivalent  of  chlorine,)  of  increasing  the  Aveight ; therefore,  if  the 
precipitate  Avhen  quite  dry  Aveighs  more  than  158*8  grains,  the  sample  is 
impure,  and  the  quantity  of  chloride  present  may  be  calculated  from  the 
overplus  AA^eight,  for  100  grains  of  pure  chloride  of  potassium  should  give 
192-6  of  precipitate.  Thus,  if  there  Avere  10  per  cent,  of  impurity  the 
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precipitate  would  weigh  162  grains;  if  20 per  cent,  it  would  weigh  ]65‘4 
grains.  Thus,  the  precipitate  increases  in  weight  about  3'3  for  each  10 
per  cent,  of  chloride  of  potassium  present,” 

The  metliod  employed  by  Rose  for  detecting  minute  quantities  of  the 
chlorides  in  the  bromides,  is  the  following  (Pereira,  Elem.  Mat.  Med.): 
If  pure  bromide  of  potassium  mixed  with  excess  of  bichromate  of  potassa 
be  distilled  with  concentrated  sulphuric  acid  in  a tubulated  retort,  to 
which  is  adapted  a receiver  containing  excess  of  solution  of  caustic  am- 
monia, pure  bromine  distils  over,  and  the  ammoniacal  liquor  remains  per- 
fectly colorless.  But  if  the  bromide  contained  a chloride,  both  bromine 
and  the  chromate  of  chloride  of  chromium  distil  over,  and  the  ammonia- 
cal liquor  becomes  yellow : chromic  acid  may  be  detected  in  the  solution 
by  the  usual  tests.  {Journal  de  V karmacie^  xxiii.  489.) 

When  ethereal  solution  of  bromine  is  agitated  with  liquid  potassa,  the 
yellow  color  disappears,  and  bromate  of  potassa  and  bromide  of  potassium 
are  the  results.  The  action,  therefore,  of  bromine  is  here  analogous  to 
that  of  chlorine  and  iodine.  Chlorine  expels  bromine  from  its  combina- 
tion with  potassium,  at  a red  heat ; but  bromine  expels  iodine. 

Bromate  of  Potassa.  K0,Br05,  or  K,Br06,  separates  in  the  form 
of  a crystalline  powder,  when  bromine  and  solution  of  potassa  are  mixed 
in  sufficient  quantities.  By  slow  evaporation  it  yields  four  and  six-sided 
tabular  crystals  and  cubes,  with  truncated  angles.  It  scintillates  on  a hot 
coal,  like  nitre,  and  evolving  oxygen  becomes  bromide  of  potassium.  It  is 
very  slightly  soluble  in  alcohol:  soluble  in  15  parts  of  water  at  60°  : mixed 
with  sulphur  it  detonates  by  a blow.  Its  solution  occasions  a white  preci- 
pitate in  nitrate  of  silver.  (Balard,  Quarterly  Jo2tr.^  xxii.  389.) 

Fluoride  op  Potassium.  KF.  When  hydrofluoric  acid  is  satu- 
rated with  potassa,  and  evaporated  to  dryness,  a deliquescent  and  diffi- 
cultly crystallizable  compound  is  obtained,  which  must  be  regarded  as  a 
Jluoride  of  potassmm.  It  probably  consists  of 


Potassium 1 ....  40  ....  67*80 

Fluorine  1 ....  19  ....  32'20 


Fluoride  of  potassium  1 59  100  00 

This  fluoride  bears  an  intense  heat  without  change.  Its  solution  acts 
upon  glass.  It  is  decomposed  by  chlorine,  and  by  sulphuric  acid,  which 
immediately  expels  hydrofluoric  acid. 

Berzelius  has  described  an  apparently  peculiar  compound,  obtained 
by  dissolving  the  above  fluori  dc  in  hydrofluoric  acid,  and  evaporating  to 
dryness  in  a platinum  vessel : it  is  crystallizable,  readily  soluble  in  water, 
and  when  heated  to  incipient  redness  is  decomposed,  hydrofluoric  acid 
being  evolved,  and  fluoride  of  potassium  remaining.  It  appears  to  con- 
sist of 

Berzelius. 

Fluoride  of  potassium  ....  1 ....  59  ....  75*95  ....  74-9 

Hydrofluoric  acid  1 ....  20  ....  24 ‘05  . ..  25’ 1 


1 


79 


100  00 


1000 
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Potassium  and  Hydrogen.  When  potassium  is  heated  to  incipient 
redness  in  hydrogen,  it  ahsor1)S  a portion  of  the  gas,  and  produces  a grey 
infusible  hydnirei^  destitute  of  lustre,  and  burning  when  heated  in  air  or 
oxygen.  At  a high  red  heat,  it  evolves  hydrogen;  and  the  same  change 
takes  place  in  the  contact  of  mercuiy.  (Jacquelain,  Ann^  Ch.  et  Ph.^ 
Lxxiv.  203.) 

When  hydrogen  and  potassium  are  passed  together  through  a white- 
liot  tube,  a spontaneously  inflammable  potassiurelted  hydrogen  gas  is 
formed.  Potassiuretted  hydrogen  is  also  produced  when  potassium  is 
thrown  upon  water,  and  is  the  cause  of  the  red  dame  and  white  fumes 
produced  during  its  combustion  under  such  circumstances.  Both  these 
compounds  are  usually  formed  during  the  operation  for  obtaining  potas- 
sium by  the  gun-barrel.  (Gay  Lussac  and  Tiienard.)  But  when  po- 
tassiuretted hydrogen  cools  it  deposits  the  whole  of  the  potassium,  so  that 
it  is  probably  a mere  mixture  of  hydrogen  and  potassium  vapor. 

IIyponitrite  of  Potassa.  K0,N03.  When  basic  hyponltrlte  of 
lead  is  decomposed  by  carbonate  of  potassa,  or  when  nitre  is  fused  in  a 
platinum  or  iron  crucible  till  the  evolution  of  oxygen  begins  to  decrease, 
a hyponitrite  is  formed  : the  residuary  salt  is  dissolved,  and  yields  at  first 
crystals  of  nitre,  and  afterwards  of  hyponitrite.  This  salt  is  colorless, 
neutral,  and  slightly  deliquescent : it  may  be  obtained  perfectly  pure  by 
decomposing  hyponitrite  of  silver  by  chloride  of  potassium:  it  has  a great 
tendency  to  form  double  salts : as  it  gives  off  nitric  oxide  when  acted 
upon  by  a stronger  acid  it  wars  long  regarded  as  a compound  of  nitric 
oxide  and  potassa,  but  Mitscherlich  has  shown  that  no  such  compound  is 
as  yet  known,  and  that  when  nitre  is  heated  oxygen  first  goes  off,  and 
liyponitrite  of  potassa  is  formed,  and  afterwards  hyponitrous  acid  escapes, 
and  potassa  remains.  (Berzelius.) 

Nitrate  of  Potassa.  Nitre.  Saltpetre.  K0,N05,  or  K,NOg. 
This  salt  is  an  abundant  natural  product,  and  is  principally  brought  to 
this  country  from  the  East  Indies,  where  it  is  produced  by  lixiviation 
from  certain  soils;  but  the  mode  or  cause  of  its  formation  is  not  under- 
stood : it  is  probably  connected  with  the  oxidizement  of  ammonia.  The 
greater  part  of  the  rough  nitre  imported  from  the  East  Indies  is  in  broken 
crystals  of  a brown  color,  and  more  or  less  deliquescent ; exclusive  of 
other  impurities,  it  often  contains  a considerable  portion  of  common  salt, 
which,  re-acting  upon  the  nitre  sometimes  induces  the  production  of 
nitrate  of  soda  and  chloride  of  potassium:  it  also  usually  contains  sul- 
phate of  lime,  and  often  traces  of  organic  matter. 


In  German}"  and  France  it  is  artificially  produced  in  what  arc  termed 


French  process  at  length.  (See  also  Dumas,  Chim.  app.  aux  Arls^  ii. 
Kuhlman  endeavoured  to  cause  oxygen  and  hydrogen  to  combine  in  con- 
tact Avith  spongy  platinum,  but  Avithout  success,  Mem.  Acad.  Sciences 
de  Lille.,  J838;  see  also  Liebig’s  Ann..,  xxix.  272.)  It  consists  in  lixi- 
viating old  plaster  rubbish,  Avhich,  Avhen  rich  in  nitre,  affords  about  five 
per  cent.  Refuse  animal  and  vegetable  matter,  Avliich  has  putrified  in 
contact  Avith  calcareous  soils,  produces  nitrate  of  lime,  AA’hich  affords 
nitre  by  mixture  Avith  carbonate  of  potassa.  In  the  same  Avay  it  is 
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abundantly  produced  in  some  parts  of  Spain.  Exudations,  containing 
saltpetre,  are  not  uncommon  upon  new  walls,  where  it  appears  to  arise 
from  the  decomposition  of  animal  matter  contained  in  the  mortar.  It  was 
long  ago  shown  by  Glauber,  that  a vault  plastered  over  with  a mixture  of 
lime,  wood-ashes,  and  cows’  dung,  soon  becomes  covered  with  efflorescent 
nitre,  and  that,  after  some  months,  the  materials  yield,  on  lixiviation,  a 
considerable  proportion  of  that  salt. 

The  loss  which  rough  nitre  sustains  in  refining,  is  technically  termed 
the  refraction^  and  can  only  be  ascertained  by  analysis,  which  frequently 
is  somewhat  intricate : it  is,  moreover,  not  easy  to  get  a fair  sample  of  a 
cargo.  The  samples  which  the  merchants  and  brokers  select  for  analysis, 
generally  consist  of  portions  drawn  from  each  bag  and  afterwards  mixed 
together,  and  if  carelessly  or  unfairly  taken,  or  exposed  so  as  to  become 
more  moist  or  more  dry  than  the  bulk,  the  report  of  the  analyst  is  often 
unsatisfactory.  He  should  work  upon  not  less  than  20  to  30  lbs.  of  such 
sample,  which  should  be  ground  or  triturated  so  as  to  produce  a properly 
uniform  mixture  of  the  whole,  for  it  often  includes  lumps  of  pure  nitre  or 
of  other  salts;  from  100  to  1000  grains  of  this  mixture  is  then  taken  for 
analysis.  The  moisture  is  determined  by  the  loss  occasioned  by  careful 
drying  on  the  sand-bath;  it  is  then  dissolved  in  water  and  tested,  so 
as  to  acquire  some  general  notion  of  the  impurities;  and,  by  means 
of  nitrate  of  silver,  nitrate  of  baryta,  and  oxalate  of  ammonia,  the  pro- 
portion of  chlorine,  sulphuric  acid,  and  lime,  may  be  determined  : the 
lime  is  generally  in  the  state  of  sulphate,  and  more  or  less  sulphate  of 
potassa  is  also  usually  present;  the  chlorine  is  chiefly  derived  from  the 
chlorides  of  potassium  and  sodium.  Another  portion  of  the  sample 
should  be  dissolved  in  about  thrice  its  weight  of  boiling  water,  and  filtered, 
by  which  any  sand  or  other  insoluble  impurities  are  collected;  the  salt 
should  then  be  crystallized  in  the  usual  way,  during  which  the  appear- 
ances and  forms  of  the  successive  deposits  will  indicate,  to  the  experienced 
eye,  the  nature  of  the  foreign  salts  present ; among  which  nitrate  of  soda, 
sulphate  of  potassa,  sulphate  and  nitrate  of  lime,  and  chloride  of  sodium 
and  potassium,  with  traces  of  chloride  of  calcium,  and  sometimes  of  a 
peculiar  organic  matter,  are  frequently  found.  It  will  be  obvious  that 
the  accurate  quantitative  analysis  of  such  a mixture  of  salts  is  not  a very 
easy  problem,  and  yet  the  separation  of  nitrate  of  soda  from  nitrate  of 
potassa,  and  of  chloride  of  potassium  from  chloride  of  sodium,  are  essen- 
tial steps,  as  the  value  of  the  sample  is  affected  by  their  relative  propor- 
tions: for  nitrate  of  soda,  to  say  nothing  of  its  unfitness  for  the  manu- 
facture of  gunpowder,  is  cheaper  than  nitrate  of  potassa;  and  chloride  of 
sodium  is  of  no  value,  whereas  chloride  of  potassium  is  purchased  by  the 
alum-makers ; so  that  a sample  of  nitre,  containing  the  latter  salt,  is  in 
this  respect  Avorth  more  than  where  it  only  contains  common  salt.  But 
inasmuch  as  the  equivalent  of  chloride  of  sodium  is  only  60,  and  that  of 
chloride  of  potassium  70,  it  is  obvious  that  if  the  Avhole  of  the  chlorine, 
as  indicated  by  the  weight  of  the  chloride  of  silver,  be  considered  as  in 
combination  with  sodium  (part  of  the  sample  consisting  of  chloride  of 
potassium),  the  refraction  will  be  estimated  beloAV  the  mark.  Hence  the 
necessity  of  ascertaining  the  relative  proportions  of  both  chlorides,  Avhich 
is  best  effected  by  converting  them  into  sulphates,  and  separating  them  by 
crystallization^ 


NITRATE  OF  POTASSA.  575 

A rough  method  of  determining  the  value  of  a sample  of  nitre,  and 
■which,  in  some  cases,  especially  -where  common  salt  is  the  chief  impurity, 
admits  of  considerable  accuracy,  consists  in  putting  a pound  of  the  salt 
in  powder  into  a basin,  and  pouring  upon  it  a pint  of  a saturated  aqueous 
solution  of  pure  nitre;  this  mixture  is  well  stirred  for  15  or  20  minutes, 
then  left  at  rest,  and  when  the  salt  is  deposited,  the  liquor  is  poured  off 
and  filtered:  half  a pint  of  the  saturated  solution  of  pure  nitre  is  then 
again  poured  upon  the  remaining  salt,  stirred  as  before,  and  then  the 
whole  contents  of  the  basin  are  carefully  transferred  into  the  filter.  In 
some  cases  where  the  quantity  of  common  salt  is  excessive  (exceeding  66 
jier  cent.)  the  washing  must  be  repeated  a third  time,  but  this  is  rarely 
necessary.  When  the  dripping  of  the  filter  has  ceased,  it  is  carefully 
removed  with  its  contents,  from  the  funnel,  and  placed  upon  a few  sheets 
of  coarse  filtering  paper  lying  upon  a chalk  table  or  other  absorptive  sub- 
stance, the  saltpetre  being  carefully  spread  out  so  that  the  moisture  may 
be  absorbed.  When  it  is  dry  enough  to  admit  of  removal,  it  must  be 
carefully  transferred  into  a basin  placed  upon  a sand-bath,  and  the  drying 
completed  till  it  no  longer  adheres  to  the  rod  or  ivory  knife  with  which 
it  is  stirred;  it  is  then  weighed,  and  the  loss  of  weight,  (as  compared  with 
the  sample,)  gives  the  impurities ; but  from  this,  2 per  cent,  should  be 
deducted  for  the  nitre  deposited  by  the  saturated  solution  whilst  taking 
up  the  common  salt.  When  the  common  process  for  refining  nitre  is 
conducted  as  follows,  it  may  be  made  subservient  to  the  more  accurate 
analysis. 

Purification  of  Nitre.  A given  quantity  of  the  rough  salt  (say  7 lbs.) 
is  accurately  weighed,  and  then  dissolved  by  heat  in  3 or  4 parts  of 
water;  when  boiling,  the  scum  is  removed  until  no  more  rises,  and  then 
the  solution  is  allowed  to  settle  for  ten  minutes  or  longer.  In  this 
way  nearly  all  the  dirt  falls  down,  and  the  clear  solution,  being  poured 
off,  is  passed  through  a filter  of  tow  into  a pan,  and  set  aside  to  crystal- 
lize; the  dirt  left  behind  is  added  to  the  scum,  and  both  being  diluted, 
are  filtered  through  paper,  and  the  clear  solution  preserved.  Next  day 
the  crystals  formed  in  the  pan  are  separated  and  put  into  funnels  to 
drain,  and  the  mother-liquor  with  the  filtered  solution  from  the  scum,  &c. 
are  further  evaporated,  and  again  left  to  crystallize.  On  the  second 
evaporation,  impurities  generally  separate  from  the  solution;  these  are 
sometimes  oxide  of  iron,  or  sulphate  of  lime,  but  most  frequently  chloride 
of  sodium  and  of  potassium,  sulphate  of  potassa,  and  nitrate  of  soda. 
The  two  first  are  easily  separated  by  filtration;  the  chlorides  are  best  sepa- 
rated by  evaporating  the  solution  considerably,  until  much  salt  has  been 
deposited,  and  then  pouring  the  whole  upon  a filter  of  tow;  the  common  salt, 
with  more  or  less  of  the  others,  will  remain  on  it,  and  should  be  washed 
with  a little  water  to  separate  the  nitre,  which  water  should  be  added  to 
the  licjuor,  and  the  whole  then  brought  to  the  crystallizing  point.  When 
cold,  the  crystals  deposited  by  this  solution  are  to  he  separated  as  before, 
until  the  mother-liquor  is  divided  into  other  salts  and  nitre.  It  frequently 
happens  that  the  crystals  from  the  two  or  three  last  evaporations  are 
colored  or  contaminated  by  the  adhesion  of  common  salt,  sulphate  of 
lime,  &c.;  in  this  case,  they  should  be  re -dissolved  and  re-crystallized 
with  the  same  precautions  as  before.  Care  should  be  taken  in  drying  the 
crystals,  especially  when  large,  that  no  water  remains  in  their  interstices, 
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which  is  often  the  case  to  a considerable  extent ; and  not  unfrequently 
the  interstitial  water  retains  foreign  salts,  so  that,  in  purifying  nitre  upon 
the  large  scale,  it  is  often  advantageous  to  stir  it  whilst  crystallizing, 
that  the  crystals  may  be  small  and  broken,  and  then  the  adhering  im- 
purities may  be  better  washed  out  by  cold  water.  When  pure,  the  solu- 
tion of  nitre  is  not  rendered  turbid  either  by  nitrate  of  silver  or  nitrate  of 
baryta. 

Nitre  crystallizes  in  six-sided  prisms,  usually  terminated  by  dihedral 
summits.  Its  specific  gravity  is  1*933  to  2*10.  Its  primitive  form  is  a 
right  rhombic  prism.  (Levy,  Qiiarlerly  Journal^  xv.  284.)  A solution 
of  nitre  crystallized  at  a very  low  temperature  (15°),  or  to  which  alcohol 
has  been  added,  deposits  mixed  prismatic  and  rhombohedral  crystals. 
AVhen  a drop  of  solution  of  nitre  evaporates  upon  a glass  plate,  the  crys- 
tals viewed  under  the  microscope  are  partly  rhomboids  and  partly  prisms: 
the  rhomboids  afterwards  disappear  and  redissolve,  especially  if  touched. 
(Frankenstein,  Poggend.^  xl.  447-)  The  crystals  are  large  and  smooth 
when  obtained  from  a great  mass  of  solution,  but  irregular  and  striated 
when  formed  in  smaller  quantities.  The  large  crystals,  when  handled, 
generally  crack  transversely;  so  that  it  is  difficult  to  preserve  them  entire. 
(See  fig.  11.)  They  are  not  altered  by  exposure  to  air.  La  Grange  states 
that  1 part  of  nitre  dissolves  in  between  3 and  4 of  water  at  60°,  and  in 
half  its  weight  at  212°.  Gay  Lussac  has  shown  that  the  solubility  of  nitre 
varies  extremely  wdth  temperature:  at  32°,  100  parts  of  water  dissolve  13*2 
of  the  salt;  at  77°?  the  salt  dissolved  by  100  of  water  is  38  parts;  at  132°, 
it  amounts  to  97  parts;  at  176°,  to  169  parts at  210°,  to  236  parts;  and 
at  212°,  to  246  parts.  According  to  Dr.  Ure,  the  temperature  of  a satu- 
rated solution  of  nitre,  boiling  hot,  is  340°,  and  the  relation  of  the  salt  to 
its  solvent  is  in  weight  as  3 to  1.  Upon  the  same  authority,  water  at  60° 
dissolves  one-fourth  its  weight  of  nitre ; or,  more  exactly,  this  saturated 
solution  contains  21  per  cent,  of  salt;  its  specific  gravity  is  1*1415  ; and 
100  parts  in  volume  of  the  two  constituents  occupy  now  97*91  parts. 
(Jour.  Pop.  Inst..,  i.  121.)  Berzelius  observes,  that  the  solubility  of  nitre  is 
apparently  increased  by  the  presence  of  common  salt,  but  that  this  arises 
from  their  mutual  reaction,  producing  nitrate  of  soda  and  chloride  of 
potassium.  A'et,  during  crystallization,  common  salt  and  nitre  separate 
distinctly  from  each  other.  During  the  solution  of  1 part  of  powdered 
nitre  in  5 of  water,  the  temperature  sinks  from  50°  to  35°.  Its  use  in 
cooling  mixtures  has  already  been  noticed,  (p.  69.)  It  is  insoluble  in 
pure  alcohol.  The  crystals  of  nitre,  though  the  salt  is  anhydrous,  gene- 
rally contain  interstitial  water;  so  that  they  appear  moist  when  powdered, 
and  lose  weight  on  drying.  The  taste  of  nitre  is  cooling  and  peculiar:  it 
is  used  in  medicine  in  small  doses,  as  a diuretic  and  sedative;  in  doses  of 
from  half  an  ounce  to  an  ounce  it  is  poisonous,  exciting  spasms,  vomiting, 
bloody  stools,  convulsions,  and  often  proving  fatal.  In  such  cases  viscid 
mucilaginous  drinks  with  opium  and  cordials  are  the  most  effective  resto- 
ratives. This  salt  consists  of 


Wollaston.  AVenzel. 

Potassa 1 ....  48  ....  47*t  ....  40-068  ....  48 

N-itric  acid  1 ....  54  ....  52-9  ....  53-332  ....  52 


Nitrate  of  potassa 1 102  lOO'O  100  000  100 
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Its  ultimate  components  are*, 


Oxygen  

...  0 .... 

48  ... 

47-OG 

Nitrogen 

...  1 ... 

14  ... 

13-72 

Potassium  

...  1 ... 

40  ... 

39-22 

Nitrate  of  potassa 

...  1 

102 

100-00 

At  a temperature  of  about  GOO'^,  nitre  fuses  without  undergoing 
change  of  composition,  and  congeals,  on  cooling,  into  a white  striated 
mass.  Sometimes  it  is  cast  into  small  balls  or  cakes,  called  sal  ijrunella, 
a name  said  to  be  derived  from  the  circumstance  of  its  having  been  occa- 
sionally stained  of  a plum-color.  At  a red-heat,  nitre  is  slowly  decom- 
posed; and  if  highly  heated  in  an  earthen  retort  or  gun -barrel,  it  affords 
abundance  of  oxygen  gas,  one  pound  yielding  about  12,000  cubic  inches, 
of  sufficient  purity  for  many  common  experiments  in  wdiich  that  gas  is 
used;  it  is  of  course  mixed  with  a portion  of  nitrogen.  In  this  decom- 
position the  nitre  is  first  converted  into  hypouilrite  of  potassa^  which  is 
somewhat  deliquescent ; and  potassa  is  the  final  result. 

Nitre  is  rapidly  decomposed  by  charcoal  at  a red  heat;  and  the  results 
are  carbonic  oxide  and  acid,  nitrogen,  and  carbonate  of  potassa,  formerly 
called  nilrum  fxum^  and  white  jiax.  The  old  chemists  used  to  perform 
this  detonation  in  retorts  connected  with  capacious  receivers,  which  were 
generally  blowm  to  pieces:  sometimes  they  succeeded  in  obtaining  a little 
acidulated  water,  which  they  called  clyssus  of  niire^  and  attributed  to  it 
wonderful  medical  virtues.  These  mixtures  of  nitre  and  charcoal  form 
the  basis  of  a variety  of  compositions  used  for  fireworks,  the  rapidity  of 
the  combustion  being  modified  by  the  relative  proportion  of  the  charcoal. 
AVhen  phosphorus  is  throwm  upon  nitre,  and  inflamed,  a vivid  combustion 
ensues,  and  a phosphate  of  potassa  is  formed.  Sulphur  sprinkled  upon  hot 
nitre  burns,  and  produces  a mixture  of  sulphate  and  sulphite  of  potassa, 
formerly  employed  in  medicine,  under  the  name  of  Glaser  s polychrest 
salt.  The  combustion  of  a mixture  of  sulphur  with  a small  quantity  of 
nitre  has  already  been  described  as  a source  of  sulphuric  acid.  (p.  387.) 
AVhen  a mixture  of  2 parts  of  nitre  and  1 of  bydrochlorate  of  ammonia 
are  heated  to  redness,  chloride  of  potassium,  water,  chlorine,  hydrochloric 
acid,  and  a little  nitrous  acid,  are  the  results,  and  nitrogen  gas  is  copiously 
evolved.  (Soubeirax,  Journ.  de  Pharm.^  1827,  p.  321.)  Alost  of  the 
metals,  wffien  in  filings  or  powder,  detonate  and  burn  when  thrown  on 
red-hot  nitre;  some  of  the  more  inflammable  metals  produce  in  this  way 
a considerable  explosion. 

A mixture  of  3 parts  of  nitre,  2 of  dry  carbonate  of  potassa,  and  I of 
sulphur,  iovms  fulminating  powder.  If  a little  of  this  compound  be  heated 
upon  a metallic  plate  to  about  330°,  it  blackens,  fuses,  and  explodes  with 
much  violence,  in  consequence  of  the  rapid  action  of  the  sulphur  upon 
the  nitre,  and  the  sudden  evolution  of  nitrogen  and  carbonic  acid,  the 
residue  being  chiefly  sulphate  of  potassa.  3 [K(),N05] -f- 2 [K0,C02] 
-f  5S=:5[K0,S03] -|-3N-f  2002.  A mixture  of  3 parts  of  nitre,  I of 
sulphur,  and  I of  fine  sawdust,  constitutes  Baume  s fax : a little  of  it 


* In  the  electrolysis  of  a solution  of 
nitre,  the  results  indicate  that  an  atom  of 
potassium  travels  to  the  negative  electrode, 
and  an  atom  of  nitrogen  and  six  atoms  of 


oxygen  to  the  positive  electrode;  hence  the 
electrolytic  formula  of  nitre  is  K,N06,  or  an 
oxxjnitr  ion  of  ‘potassium.  (Daniell.  Fhil. 
Trans.,  1839,  p.  109,  and  1840,  p.  223.) 
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inflamed  in  a walnut-shell  fuses  a small  silver  or  copper  coin.  The  lucifer 
matches  which  inflame  by  friction  are  tipped  with  a mixture  of  phos- 
phorus and  nitre,  with  the  addition  generally  of  red-lead  or  oxide  of  man- 
ganese and  gum  arable:  some  of  them  also  contain  sulphur  and  chlorate 
of  potassa.  (Botger,  Ann.  de  Pharm..^  xxvii.  113.) 

The  action  of  sulphuric  acid  on  nitre  has  been  described  above  (p. 
337),  and  will  be  again  adverted  to  under  sulphate  of  potassa.  When  i 
nitre  and  hydrochloric  acid  are  heated  together,  chlorine  and  nitrous  acid 
are  evolved,  and  on  evaporation  to  dryness,  chloride  of  potassium  remains. 
Penny  proposes  this  decomposition  as  the  basis  of  a method  of  ascertain- 
ing the  quantity  of  nitrate  of  potassa  in  crude  saltpetre.  {Phil.  Trans.., 
1839,  p.  13.) 


Gunpowder  consists  of  a very  intimate  mixture  of  nitre,  sulphur,  and 
charcoal,  the  proportions  varying  according  to  the  uses  made  of  it,  as 
follow : 


Common 

Shooting 

Shooting 

Miners’ 

gunpowder. 

powder. 

powder. 

powder. 

Saltpetre  

75-0  .... 

....  78  .... 

....  76  .... 

....  65 

Charcoal 

12-5  .... 

....  12  .... 

....  15  

....  15 

Sulphur 

12-5  .... 

....  10  .... 

9 .... 

....  20 

The  following  is  a table  of  the  composition  of  gunpowder  of  several 


countries: 

Nitre. 

Charcoal. 

Sulphur. 

Waltham  Abbey  mills  

...  75 

....  15 

....  10 

France,  national  establishment  .... 

...  75 

....  12-5 

....  12-5 

for  sportsmen  

...  78 

....  12 

....  10 

for  mining 

...  65 

....  15 

....  20 

United  States  of  America  

....  75 

....  12-5 

....  12-5 

Prussia 

...  75 

....  12-5 

....  12-5 

Russia 

...  7378 

....  13-59 

....  12-63 

Austria  

...  76 

....  11-5 

....  12-5 

Spain  

...  76-47 

....  10-78 

....  12-75 

Switzerland  (round  powder)  

...  76 

....  14 

....  10 

Chinese  

...  75 

....  14-4 

....  9-9 

The  ingredients  are  perfectly  mixed,  moistened,  beaten  into  a cake, 
which  is  afterwards  broken  up,  granulated,  dried,  at  140°  to  150°,  and  for 
the  finest  powder  polished  by  attrition.  The  violence  of  the  explosion  of 
gunpowder  depends  upon  the  sudden  production  of  gaseous  matter,  and 
of  intense  heat,  resulting  from  the  action  of  the  combustibles  upon  the 
nitre.  Carbonic  oxide,  carbonic  acid,  nitrogen,  and  sulphurous  acid,  are 
the  principal  gaseous  results;  and  the  solid  residue  consists  of  carbonate 
and  sulphate  of  potassa,  sulphuret  of  potassium,  and  charcoal.  (Cruick- 
SHANKS,  Nicholso?is  Journal.,  iv.  See  also  the  same  Journal,  xiii.  277*) 

If  we  theoretically  inquire  how  the  maximum  gaseous  volume  is  to 
be  produced  from  the  chemical  reaction  of  the  elements  of  gunpowder,  we 
shall  find  it  to  be  by  the  generation  of  carbonic  oxide  and  sulphurous  acid, 
with  the  disengagement  of  nitrogen.  This  will  lead  to  the  following  pro- 
portions of  their  constituents.  (Ure,  Jour.  Roy.  Inst..,  vol.  i.  p.  135.) 

Per  cent. 

1 equivalent  of  nitre 102  75’00 

1 „ sulphur 16  11-77 

3 „ charcoal  18  13-23 
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The  nitre  yields  5 proportionals  of  oxygen,  of  which  3 combining 
with  3 of  charcoal  will  furnish  3 of  carbonic  oxide  gas,  while  the  remain- 
ing 2 will  convert  the  1 of  sulphur  into  sulphurous  acid  gas : the  single 
proportional  of  nitrogen  is,  therefore,  in  this  view  disengaged  alone.  The 
gaseous  volume,  on  this  supposition,  evolved  from  130  grains  of  gun- 
powder, equivalent  in  bulk  to  75*5  grains  of  water,  or  to  three-tenths  of 
a cubic  inch,  will  be  at  the  atmospheric  temperature  as  follows: 

Grains.  Cubic  inches. 

Carbonic  oxide 42  141 '6 

Sulphurous  acid  32  1^47*2 

Nitrogen  14  47*4 


236-2 


Being  an  expansion  of  1 volume  into  787*3.  But  as  the  temperature  of 
the  gases  at  the  instant  of  their  combustive  formation  must  be  incan- 
descent, this  volume  may  be  safely  estimated  at  three  times  the  above 
amount,  or  considerably  above  two  thousand  times  the  bulk  of  the  solid. 

But  this  theoretical  account  of  the  gases  developed  does  not  exactly 
accord  with  the  experimental  products  usually  assigned,  especially  as 
relates  to  the  evolution  of  carbonic  acid,  and  to  the  residuary  sulphuret  of 
potassium ; with  these,  the  following  view  of  the  results  of  the  deflagra- 
tion given  by  Graham,  is  more  consistent. 


Before  combustion. 

3 equivalents  of  carbon 

f6  oxygen  .... 
1 nitrogen  .... 
1 potassium 

1 „ of  sulphur  


After  combustion. 

1 3 carbonic  acid 
1 nitrogen 

1 1 sulphuret  of  potassium 


Carburetted  and  sulphuretted  hydrogen,  and  vapor  of  water,  often 
mentioned  among  the  products  of  the  combustion  of  gunpowder,  are 
found  in  very  minute  quantities  only,  for  good  gunpowder  does  not  contain 
more  than  1 per  cent,  of  water,  which  can  be  tlie  only  source  of  hydro- 
genated compounds.  The  principal  use  of  the  sulphur  is  to  increase  the 
combustibility  of  the  powder  in  consequence  of  the  comparatively  low 
temperature  at  which  it  takes  fire,  but  the  larger  the  proportion  of  sul- 
phur the  less  forcible  will  be  the  explosion  of  the  powder : thus,  when  it 
contains  12  of  charcoal  and  12  of  sulphur  in  100,  it  does  not  throw  a 
proof-shell  so  far  as  that  containing  19  of  charcoal  and  9 of  sulphur. 
But  the  former  powder  keeps  better  than  the  latter,  so  that  for  the  supply 
of  remote  colonies  and  humid  climates,  it  perhaps  justifies  a slight  sacri- 
fice of  strength,  which  may  be  compensated  by  a larger  charge.  The 
granulation  of  gunpowder  increases  its  explosive  force  and  rapidity  of 
combustion,  the  charge  being  sufficiently  porous  to  admit  of  the  flame 
penetrating  it  §0  as  to  kindle  every  grain  nearly  at  the  same  instant;  in 
mass,  in  a compressed  state,  as  before  it  is  broken  up  for  granulation,  its 
combustion  is  much  more  gradual.  But  although  the  combustion  of  gun- 
powder is  very  rapid,  it  is  by  no  means  instantaneous,  for  in  that  case 
scarcely  anything  would  resist  its  power,  and  its  explosion  would  more 
resemble  that  of  fulminating  mercury,  or  silver,  or  the  chloride  or  iodide 
of  nitrogen,  and  like  those  substances  it  would  burst  the  gun  without  pro- 
pelling the  ball.  (For  the  details  of  the  manufacture  of  gunpowder,  see 
Coleman,  Phil.  Mag..^  ix.;  Aikin^s  Dictio7iary  of  Chemistry  (article, 
VoL.  II.  2 Q 
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Gunpowder);  Ure’s  Dictionary  of  Arts  and  Manufactures;  and  Dumas, 
Chimie  app.  aux  Arts.) 

The  strength  and  goodness  of  gunpowder  is  most  accurately  deter- 
mined by  measuring  its  actual  projectile  force  by  the  eprouvette^  which  is 
a small  strong  barrel  in  which  a given  quantity  of  it  is  tired,  and  the  force 
of  expansion  measured  by  the  action  exerted  on  a strong  spring  or  a great 
weight.  Another  method  is,  to  fire  a heavy  ball  from  a short  mortar, 
with  a given  weight  of  the  powder,  and  to  find  the  range  of  projection. 
The  eprouvette  formerly  used  in  France,  was  a mortar  seven  inches 
(French)  in  calibre,  which,  with  three  ounces  of  powder,  should  throw  a 
copper  globe  of  60  lbs.  weight  to  the  distance  of  300  feet.  Gunpowder 
is  sometimes  tried  by  placing  two  heaps  of  about  sixty  grains  each  upon 
clean  writing-paper,  three  or  four  inches  asunder,  and  firing  one  of  them 
b}'  a red-hot  wire:  if  the  flame  ascends  quickly  with  a good  report,  send- 
ing up  a ring  of  white  smoke,  leaving  the  paper  free  from  white  specks 
and  not  burnt  into  holes,  and  if  no  sparks  fly  off  from  it  so  as  to  set  fire 
to  the  contiguous  heap,  the  powder  is  very  good;  if  otherwise,  the  ingre- 
dients are  badly  mixed  or  impure.  It  appears  from  Count  Rumford's 
experiments  on  the  force  of  gunpowder  (Phil.  Trans..,  Lxxxvii.  254),  that 
28  grains,  confined  in  a cylindrical  space  which  it  just  filled,  tore  asunder 
a piece  of  iron  which  would  have  resisted  a strain  of  400,000  lbs.  (See 
also  a report  on  M.  Piobert’s  Memoir  on  Gtinpowder ; Ann.  Ch.  et  Ph.y 
Lxii.  250.) 

Gunpowder  may,  it  is  said,  be  inflamed  by  a violent  blow;  and  if  mixed 
with  powdered  glass,  or  any  other  harder  substance,  and  struck  with  a 
heavy  hammer  upon  an  anvil,  it  almost  always  explodes.  It  readily  burns 
under  'Nvater,  and  by  using  a slowly  burning  powder,  such  as  squibs  are 
filled  with,  inflamed  in  a tube  of  copper,  the  gaseous  products  may  be 
collected  over  Avater  in  the  pneumatic  trough.  The  portfires  used  by  the 
artillery  also  answer  very  well  for  this  experiment. 

Aiialysis  of  Gunpowder.  To  analyze  this  compound,  boil  it  with  four 
parts  of  water,  edulcorate  the  residue,  dry  it  at  212°,  and  w^eigh;  the  loss 
indicates  the  nitre.  The  dry  residue,  composed  of  charcoal  and  sulphur, 
may  be  decomposed  by  spreading  it  upon  an  earthen  plate,  and  burning 
off  the  sulphur  at  the  lowest  possible  heat;  the  charcoal  Avill  remain,  still 
however  retaining  a little  sulphur.  A more  accurate  process  consists  in 
introducing  the  powder  into  a small  retort  furnished  with  a stop- cock, 
exhausted,  and  filled  with  chlorine;  heat  applied  volatilizes  the  chloride 
of  sulphur  and  leaves  the  charcoal  and  nitre;  Avhich  residue  may  be 
washed,  dried,  and  the  remaining  charcoal  •weighed.  Another  mode  of 
analyzing  gunpowder  consists  in  separating  the  nitre  by  water,  evapora- 
ting to  dryness,  and  fusing  the  salt.  To  obtain  the  sulphur,  5 grains  of 
the  powder,  5 of  carbonate  of  potassa,  5 of  nitre,  and  20  of  pure  common 
salt,  are  to  be  intimately  mixed,  and  placed  on  the  fire  in  a platinum 
vessel;  the  sulphur  is  slowly  acidified,  and  when  the  mass  becomes  Avhite 
it  is  dissolved  in  water,  saturated  with  nitric  or  hydrochloric  acid,  and 
solution  of  chloride  of  barium  added,  so  long  as  it  occasions  a precipitate  ; 
the  sulphate  of  baryta  thrown  down  is  then  collected,  washed,  and  ignited, 
and  its  weight  indicates  the  quantity  of  sulphur  contained  in  the  gun- 
poAvder  by  the  usual  computation.  (Gay  Lussac,  Ann.  Ch.  et  Ph.^  xvi. 
437.)  Sometimes  after  the  separation  of  the  nitre  by  water,  the  resi- 
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diiary  sulphur  and  charcoal  are  dried,  and  the  relative  proportion  of  the 
latter  determined  by  ignition  n ith  oxide  of  copper,  as  in  organic  analyses. 
Bolley  proposes  to  separate  the  sulphur  from  the  charcoal  by  boiling  in  a 
solution  of  sulphite  of  soda,  using  20  parts  of  the  sulphite  to  1 of  the 
mixture  of  charcoal  and  sulphur.  The  sulphur  might  probably  be  effec- 
tually abstracted  from  gunpowder  by  the  action  of  sulphuret  of  carbon. 


Action  of  Potassium  on  Ammonia.  Potassiamide.  The  action  of 
potassium  on  gaseous  ammonia  was  first  examined  by  Gay  Lussac  and 
Thenard,  and  by  Sir  H.  Davy.  When  potassium  is  heated  in  ammonia, 
hydrogen  is  evolved,  and  a fusible  olive-colored  substance  is  obtained,  of 
a crystalline  fracture,  translucent  at  the  edges,  heavier  than  water,  and 
a non-conductor  of  electricity.  It  fuses  at  a little  above  212°.  It  burns 
in  oxygen,  producing  hydrated  potassa  and  nitrogen:  exposed  to  air,  it 
slowly  deliquesces,  and  evolves  ammonia:  water  rapidly  acts  upon  it, 
producing  potassa  and  ammonia.  The  volume  of  hydrogen  evolved  by 
this  action  of  potassium  on  ammonia  is  the  same  as  that  which  it  would 
have  evolved  from  water,  so  that  when  1 atom  of  potassium  acts  on  1 of 
ammonia,  1 of  hydrogen  is  evolved,  and  the  remaining  elements  of  the 
ammonia  (namely  I atom  of  nitrogen  and  2 of  hydrogen)  combine  with 
the  potassium;  now  I of  nitrogen  and  2 of  hydrogen  constitute  amidogen^ 
(see  p.  358;)  hence  this  resulting  compound  has  been  termed  potassi- 
cnnide^  its  formula  being  K,NH2. 

The  following  diagram,  to  which  the  equivalent  numbers  are  attached, 
shows  that  ammonia,  acted  upon  by  potassium,  loses  one  equivalent  of 
hydrogen,  and  forms  potassiamide;  and  that  potassiamide  and  water  yield 
ammonia  and  potassa: 


Hydrogen 

1 

A 


Ammonia 

17 


Aminonia 

17 


Hydrogen ' 
2 

Nitrogen 
_ 14 


Amidogen  -p  Hydrogen 
16  1 


■ = Amidogen 
16 

Potassium 
40 


Potassiamide  I 
56  \ 


Water 

9 


Potassium  -J-  Oxygen 
40  8 


Potassa 

48 


When  potassiamide  is  heated  out  of  contact  of  air,  ammonia  is  evolved, 
and  a grey  substance  remains,  which  is  a compound  of  potassium  and 
nitrogen  = NK3;  this  substance  has  been  little  examined;  its  formation 
may  be  thus  represented:  3 [K,NIl2]  2NH3,  -f-  NK3.  It  effervesces 
when  acted  on  by  Avater,  forming  ammonia  and  potassa.  NK3  -f  3110 
=:  3KO  -b  NII3. 


Potassium  and  Sulphur.  Sulphurets  of  Potassium.  When  potas- 
sium and  sulphur  are  heated  together  in  an  exhausted  tube,  the  sulphur 
not  being  in  excess,  intense  action  ensues,  attended  by  the  vivid  combus- 
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tion  of  tlie  potassium,  and  a brownisli-grey  compound  results;  when  pro- 
per proportions  of  the  materials  are  used,  this  is  protosulphuret  of  potas- 
sium^ KS.  The  same  compound  is  obtained  by  heating  atomic  proportions 
of  sulphate  of  potassa  and  charcoal  (lamp-black),  in  which  case  if  there 
he  excess  of  lamp-black,  the  product  is  pyrophoric.  Protosulphuret  of 
potassium  is  also  formed  hy  passing  hydrogen  through  a red-hot  tube 
containing  sulphate  of  potassa;  water  is  formed  in  consequence  of  the 
deoxidizement,  by  the  hydrogen,  of  the  acid  and  of  the  potassa.  In  this 
case  1 equivalent  of  sulphate  of  potassa  requires  4 of  hydrogen,  and  4 of 
water  and  J of  sulphuret  are  the  results.  K0,S03,  + 4H,  — KS  -b4HO. 
Thus  procured  it  is  a dark  reddish-brown  deliquescent  substance,  fusible 
at  a heat  below  redness,  of  a caustic  and  sulphurous  taste,  soluble  in  water 
and  alcohol,  and  when  heated  by  the  blowpipe,  becomes  incrusted  v/ith 
sulphate  of  potassa.  This  compound  consists  of 

Potassium  1 ....  40  ....  71‘4 

Sulphur  1 ....  16  ....  28'6 

Protosulphuret  of  potassium  1 56  lOO’O 


Sulphuret 

OF 

Potassium. 

56 


Sulpliur 

16 


Hydrogen 

1 


17  Sulphuretted  Hydrogen 
-j-  48  Potassa  = 65  Hydro- 
sulphuret  of  Potassa. 


Potassium 

40 


Oxygen 
8 , 


Water. 

9 


When  sulphuret  of  potassium  is  put  into  water,  it  is  generally  as- 
sumed that  it  yields  a solution  of  hydrosulphuret  of  potassa^  KO,HS,  in 

consequence  of  the 
Sulphuretted  Hydrogen.  decomposition  of  One 

proportional  of  water, 
by  one  of  the  sulphu- 
ret, as  shown  in  the 
annexed  diagram : but 
Berzelius  does  not 
admit  the  decompo- 
sition of  water  in 
these  cases,  but  con- 
siders the  solution  as 
containing  the  unde- 
composed sulphuret. 

The  aqueous  solution  of  protosulphuret  of  potassium  is  alkaline,  and  is 
decomposed  by  acids,  without  any  deposition  of  sulphur,  sulphuretted 
hydrogen  being  evolved. 

A similar  compound  may  be  obtained  by  passing  sulphuretted 
hydrogen  through  an  aqueous  solution  of  potassa,  and  if  this  be  carefully 
evaporated  in  a retort  so  as  to  exclude  air,  it  forms  colorless  prismatic 
crystals;  which,  independent  of  water  of  crystallization,  are  considered  as 
containing 


Potassa. 

48 


Potassa  

Sulphuretted  hydrogen , 


48 

17 


73-85 

26-15 


Hydrosulphate  of  potassa 1 65  100-00 


Hydrosulphuret  of  Potassium.  KS,HS.  When  potassium  is  heated 
in  sulphuretted  hydrogen  gas  it  burns,  and  the  gas  diminishes  in  volume. 
During  this  action  the  potassium  decomposes  1 proportional  of  the  gas, 
evolves  hydrogen,  and  combines  with  its  sulphur  to  form  sulphuret  of 
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potassium,  which,  uniting  without  decomposition  with  another  propor- 
tional of  the  gas,  forms  a compound  of 

Siilphuret  of  potassium 1 ....  56  ....  76*71 

Sulphuretted  hydrogen 1 ....  17  ....  23‘29 

Ilydrosulplmret  of  potassium  ....  1 73  100*00 

It  is  to  such  compounds  that  the  term  sulphur  salts  properly  applies. 
This  hydrosulphuret  yields  with  water  a colorless  solution  of  bihydro- 
sulphuret  of  potassa.  KO,2HS.  When  dilute  acids  are  dropped  into  a 
solution  of  this  hydrosulphuret,  one  volume  of  sulphuretted  hydrogen  is 
evolved,  and  no  sulphur  precipitated  : when  the  solution  is  exposed  to  air, 
it  absorbs  oxygen,  and  becomes  converted  into  hyposulphite  of  potassa. 


Bisulphuret  of  Potassium.  KS2.  When  4 parts  of  potassium  are 
heated  with  3 of  sulphur,  a brown  fusible  crystalline  substance  is  obtained, 
permanent  at  a red  heat,  and  consisting  of 


Potassium,  1 ....  40  ....  55*6 

Sulphur  2 ....  32  ....  44*4 


Bisulphuret  of  potassium  1 72  100*0 


Bisulphu- 

RET  OF 

Potassium 
72 


This  compound 
decomposes  one  equi- 
valent of  Avater,  and 
forms  a yellow  solu- 
tion of  sulphuretted 
hydrosulphuret  of 
potassa,  or  of  a com- 
pound of  potassa 
with  bisulphuretted 
hydrogen,  KO,HS2, 
as  in  the  annexed 
diagram. 

The  solution  therefore  contains 


Bisulphuret  of  Hydrogen. 
33 


. 


Sulphur 
16x2  = 32 


Hydrogen 

1 


33  Bisulphuret  of  Hydrogen  1 
48  Potassa  = 81  Sulphu-  ^ 
retted  Hydrosulphuret  of 
Potassa. 


\Water. 
9 


Potassium 

40 


Oxygen 

8 


Potassa. 

48 


'I 

rPotassium 

1 .. 

..  40 

Potassa 

1 .. 

..  48  . 

...  59*3  [ 

_l  Oxygen.... 

1 .. 

8 

( 

) Sulphur.... 

2 .. 

..  32 

Bisulphuret  of  hydrogen 

1 .. 

..  33  . 

...  40*7^ 

^Hydrogen 

1 .. 

1 

1 

81 

100*0 

1 

81 

When  the  dilute  acids  are  added  to  this  aqueous  solution,  sulphuretted 
hydrogen  is  evolved  and  sulphur  precipitated  in  a peculiar  white  state, 
(inilk  of  sulphur.,  see  p.  382,)  hydrated  according  to  Thomson,  but  con- 
taining, according  to  Rose,  a little  bisulphuretted  hydrogen ; but  if  a strong 
solution  of  it  be  poured  into  hydrochloric  acid,  a viscid  substance  falls, 
which  is  bisulphuretted  hydrogen  (see  page  410).  Exposed  to  air,  this 
solution  passes  into  a hyposulphite,  and  sulphur  is  deposited. 

The  above  compounds  of  sulphur  and  potassium  are  both  permanent 
at  high  temperatures ; but  these  unite  indefinitely  with  sulphur  by  fusion 
at  a moderate  heat,  and  produce  compounds  in  which  the  subsulphurets 
appear  to  act  as  bases  to  the  supersulphurets.  Berzelius  describes  seven 
sulphurets  of  potassium,  in  which  I proportional  of  metal  is  combined 
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respectively  with  1,  2,  3,  3^,  4,  4^,  and  5 proportionals  of  sulphur  {Ann. 
Phil..,  N.S.,  iv.  214),  but  the  definite  nature  of  these  compounds  seems 
open  to  some  doubt : the  last,  however,  or  the  penta sulphur et,  is  said  to 
be  obtained  pure  by  passing  sulphuretted  hydrogen  over  sulphate  of 
potassa  at  a red  heat,  in  which  case,  K0,S03  and  4HS,  yield  KSs  and 
4HO. 

Potassa  and  Sulphur.  When  sulphur  is  fused  with  hydrate  of 
potassa,  the  water  of  the  hydrate  evaporates,  and  the  oxide  of  potassium 
is  decomposed,  giving  rise,  at  a red  heat,  to  sulphuret  or  bisulphuret  of 
potassium  (according  to  the  quantity  of  sulphur  used),  and  to  hyposul- 
phite (which  becomes  sulphate)  of  potassa.  It  does  not  appear  that  any 
sulphurous  acid  is  in  these  cases  evolved. 

When  anhydrous  carbonate  of  potassa  mixed  with  half  its  weight  of 
sulphur  is  kept  at  a red  heat  till  carbonic  acid  ceases  to  be  evolved,  the 
result,  according  to  Berzelius,  is  a tersidphuret  of  potassium,  KSs,  mixed 
with  sulphate  of  potassa;  the  elements  concerned  in  the  product  are  4 
atoms  of  potassa  and  10  of  sulphur,  W'hich  yield  3 atoms  of  tersulphuret 
of  potassium,  and  1 of  sulphate  of  potassa ; or  in  symbols,  4KO  -f  10S==: 
3KS3,  and  K0,S03.  If  sulphur  and  carbonate  of  potassa  be  made  to 
react  on  each  other  at  the  lowest  possible  temperature,  pentasulphuret  of 
potassium  and  hyposulphite  are  the  results : 3KO,  and  12S,  yield  in  this 
case  2KS5  and  K0,S202. 

The  potassii  sulphur elum  of  the  Pharmacopoeia  is  a similar  compound 
of  sulphuret  of  potassium  and  sulphate  of  potassa,  obtained  by  heating 
1 part  of  sulphur  and  3 of  carbonate  of  potassa ; or,  according  to  Phillips, 
( Translation  of  Pharmacopoeia,')  4 atoms  of  carbonate  of  potassa,  heated 
with  4 of  sulphur,  yield  1 atom  of  sulphate  of  potassa  and  3 of  sulphuret 
of  potassium,  4 atoms  of  carbonic  acid  being  expelled;  as  in  the  following 
equation  : 4[K0,C02]  4-4S— 3KS+  [K0,S03]  +4C02. 

The  compounds  obtained  by  fusing  potassa,  or  its  carbonate,  with 
sulphur,  were  formerly  designated  Livers  of  Sulpyliur,  in  consequence  of 
their  colour ; and  the  conversion  of  sulphate  of  potassa  into  liver  of  sul- 
phur by  the  action  of  charcoal  and  heat,  was  an  experiment  instituted  by 
Stahl  in  support  of  the  phlogistic  hypothesis.  Exposed  to  air,  these  sul- 
phurets  deliquesce,  and  exhale  a disagreeable  smell ; their  taste  is  bitter, 
acrid,  and  nauseous.  The  general  results  of  dissolving  them  in  water 
have  been  above  noticed. 

When  sulphur  is  boiled  with  the  hydrosulphuret,  or  when  excess  of 
sulphur  is  boiled  in  solution  of  potassa,  bihydrosulphuret  of  potassa  may 
be  obtained ; but  as  this  compound,  when  in  solution,  dissolves  variable 
and  apparently  indefinite  portions  of  sulphur,  an  uniform  combination  is 
not  in  this  way  easily  obtainable.  The  aqueous  solutions  of  sulphuret  of 
potassium  are  excellent  conductors  of  electricity. 

Hyposulphite  of  Potassa.  Dithionite  of  Potassa,  K0,S202,  is 
formed  by  decomposing  hydrosulphuret  of  potassa  by  sulphurous  acid, 
and  evaporating  to  a pellicle,  when  it  forms  acicular  crystals,  of  a cooling 
bitter  taste,  and  deliquescent.  After  careful  drying,  it  takes  fire  upon 
elevating  the  temperature,  and  burns  like  tinder.  Its  solution  readily 
dissolves  moist  chloride  of  silver ; and  when  exposed  to  air  becomes  sul- 
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[ I phite,  and  ultimately  sulphate,  of  potassa.  This  salt  is  also  formed  when 
1 1 the  alcoholic  solution  of  sulphuret  of  potassium  is  exposed  to  air,  and  the 
) I adhering  sulphuret  'washed  from  its  crystals  by  alcohol : or  by  heating  a 
>f  solution  of  sulphite  of  potassa  with  sulphur  (see  p.  401.) 

SULPHYPOSULPIIATE  OF  PoTASSA.  TrITHIONATE  OF  PoTASSA.  KO, 
ri;  S3O5.  According  to  Langlois  (A?i7i.  Ch.  et  Ph.,  3 Ser.  iv.  77),  when 
'•I  excess  of  sulphurous  acid  (purified  by  washing)  is  passed  through  a solu- 
r 1:  tion  of  pure  carbonate  of  potassa,  and  the  resulting  solution  of  bisulphite 
(i  of  potassa  mixed  with  sulphur  and  kept  for  three  or  four  days  upon  a 
;;i  sand  heat,  below  its  boiling-point,  sulphurous  acid  is  disengaged,  a little 
fl  sulphate  formed,  and  the  liquor,  at  first  yelloAvish,  becomes  colorless, 
r When  the  operation  is  complete  it  is  presumed  that  hyposulphite  of 
[jj  potassa  is  formed,  and  obtained  in  crystals  on  filtering  the  hot  liquor  and 
j:|  setting  it  aside  (see  p.  402.)  But  on  redissolving  these  crystals,  in  the 
fi|  smallest  possible  quantity  of  warm  water,  a little  sulphur  separates  and 
:tj  the  filtered  solution  yields  prismatic  crystals  which  do  not  possess  the 
]|  properties  of  an  hyposulphite;  their  solution  is  not  decomposed  at  common 
ii  temperatures  by  dilute  acids,  nor  are  they  decomposed  by  hydrochloric 
M acid  : 'when  heated  to  redness  they  leave  neutral  sulphate  of  potassa,  and 
!.i  are  not  altered  by  exposure  to  air. 

i When  this  salt  is  carefully  decomposed  by  heat,  it  yields  23’7f>  of 
!'  sulphurous  acid,  11 ’88  of  sulphur  are  separated,  and  64'36  of  neutral 
i|  sulphate  of  potassa  remain,  so  that  the  sulphur  which  it  contains  appears 
1 1 to  he  distributed  into  three  portions,  one  of  which  is  evolved,  one  con- 
i tained  in  the  sulphurous  acid,  and  one  in  the  sulphuric.  The  composition 
therefore  of  this  salt  may  he  represented  by  1 atom  of  potassa,  1 atom  of 
sulphuric  acid,  1 atom  of  sulphurous  acid,  and  1 atom  of  sulphur : its 
formula  is  [KO  + SsOo]  and  it  contains  per  cent.  34*84  base  +65*16 
acid.  Hence  it  contains  a distinct  acid  of  sulphur,  which  may  he  re- 
garded as  a compound  of  sulphuric  and  hyposulphurous  acid  = [S03  + 
S2O2]  or  of  hyposulphuric  acid  and  sulphur  = S2O5  + S.  Its  properties, 
Langlois  considers  in  favor  of  the  latter  view,  he  therefore  proposes  to 
designate  it  Sulpliypo sulphuric  cicicl^  and  its  saline  combinations  sidphy- 
posulphates.  This  acid  does  not  precipitate  the  salts  of  baryta  or  lead ; 
it  may  be  isolated  by  means  of  the  perchloric  acid,  and  its  distinctive 
character  is  its  resolution  by  heat  into  the  products  above  mentioned. 

Bisulphuretted  Hyposulphate  of  Potassa.  Tetratiiionate  of 
Potassa.  K0,S405.  This  salt  has  not  been  examined,  but  it  may  probably 
be  formed  in  the  same  way  as  the  corresponding  soda  salt  (which  see.) 

Sulphite  of  Potassa,  K0,S02  or  K,S03,  is  formed  by  passing  sul- 
phurous acid  into  a solution  of  potassa,  or  of  its  carbonate,  and  evapo- 
rating out  of  the  contact  of  air.  Phomboidal  plates  or  prisms,  or  some- 
times acicular  tufts,  are  obtained,  white,  anhydrous,  of  a sulphurous 
taste,  and  soluble  in  about  their  weight  of  water.  By  exposure  to  air, 
they  pass  into  sulphate  of  potassa.  Sulphite  of  potassa  consists  of 

Potassa  1 ....  48  ....  GO 

Sulphurous  acid 1 ....  32  ....  40 


Sulphite  of  potassa 


1 


80 


100 
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Bisulphite  of  Potassa.  K0,2S02.  According  to  Laiiglois  (^Anji. 
Ch.  et  Ph.j  3 Ser.  iv.  77)?  this  salt  is  formed  when  sulphurous  acid  is 
passed  through  a solution  of  carbonate  of  potassa  till  all  carbonic  acid  is 
expelled  and  excess  of  sulphurous  acid  escapes.  This  solution  may  be 
converted  into  the  neutral  salt  by  the  addition  of  carbonate  of  potassa, 
and  the  neutral  sulphite  boiled  with  sulphur,  filtered,  evaporated,  and  set 
aside  in  a dry  place,  yields,  in  the  course  of  24  hours,  crystals  of  hypo- 
sulphite. (See  Plessy  on  the  Hyposulphites  and  Trithionates,  A7in.  Ch. 
et  Ph.^  June,  1844.) 

Hyposulphate  of  Potassa.  Dithionate  of  Potassa.  K0,S205, 
or  K,S206,  is  obtained  by  decomposing  a solution  of  hyposulphate  of 
baryta,  by  sulphate  of  potassa.  It  forms  permanent  crystals  of  a hitter 
taste,  difficultly  soluble  in  cold,  hut  readily  so  in  hot  water.  It  is  anhy- 
drous. Its  crystals  are  described  by  Levy  {Quai'terly  Journal^  xv.  285). 
It  consists,  according  to  Heeren  {Ann.  Ch.  et  Ph.,  xl.  30),  of 

Potassa  1 ....  48  ....  40 

Hyposulphuric  acid  1 ....  72  ....  60 

Hyposulphate  of  potassa  1 120  100 

Sulphate  of  Potassa.  K0,S03,  or  K,S04.  This  salt  is  the  result 
of  several  chemical  operations  carried  on  upon  a large  scale  in  the  pro- 
cesses of  the  arts.  It  may  be  formed  directly  by  saturating  diluted  sul- 
phuric acid  by  carbonate  of  potassa.  It  is  the  sal  de  duobus  and  area- 
num  duplicatum  of  the  old  chemists:  the  potassce  sulphas  of  ihe  London 
Phar'macopceia.  Its  taste  is  hitter  and  saline.  It  generally  crystallizes 
in  short  six-sided  prisms,  terminated  by  six-sided  pyramids.  The  body 
of  the  prism  is  often  wanting,  and  the  triangular-faced  dodecahedron 
results.  These  forms  have  been  described  by  Levy  {Quarterly  Journal^ 
XV.  285);  they  result,  according  to  Phillips  {Trans.  Pharm.).,  from  a pri- 
mary right  rhombic  prism.  According  to  Mitscherlich  its  primitive  form 
is  a rhombic  octohedron,  and  it  is  isomorphous  with  seleniate,  and  also 
with  chromate  of  potassa.  The  crystals  obtained  from  a solution  of  the 
salt  which  has  been  previously  fused,  sometimes  emit  a yellow  light  in 
the  act  of  formation,  especially  wffien  it  contains  a little  sulphate  of  soda. 
They  are  anhydrous.  According  to  Gay  Lussac,  100  parts  of  water  at 
32°  dissolve  8*36  of  this  salt,  and  25  parts  at  212°.  At  60°  one  part 
requires  11 ’6  of  water  for  its  solution.  (Redwood.)  In  consequence  of 
its  difficult  solubility,  it  is  throAvn  down,  in  a white  granular  powder, 
when  sulphuric  acid  is  added  to  a moderately  strong  solution  of  potassa. 
It  is  insoluble  in  alcohol,  and  also  in  a solution  of  potassa  of  sp.  gr. 
1-35.  (Liebig.)  Exposed  to  a red  heat,  it  decrepitates  and  melts,  but 
is  not  decomposed.  At  very  high  temperatures  it  is  volatilized.  It  is 
decomposed  at  a red  heat  by  hydrogen,  which  carries  away  the  oxygen 
both  of  the  acid  and  of  the  potassa,  and  converts  it  into  sulphuret  of 
potassium.  When  fused  with  sulphur,  this  salt  undergoes  no  change ; 
the  sulphur  sublimes  unaltered.  (Yauquelin,  Ann.  Ch.  et  Ph.^  v.  20.) 
Intensely  heated  with  one-fifth  its  weight  of  powdered  charcoal,  it  pro- 
duces sulphuret  of  potassium.  When  about  2 parts  of  sulphate  of  potassa 
and  I of  lamp-black,  intimately  mixed  in  fine  powder,  are  heated  to 
redness  in  a coated  phial,  and  great  care  taken  to  exclude  the  air  during 
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cooling,  a compound  is  obtained  wbicli  takes  fire  upon  exposure  to  air. 
It  appears  to  contain  a compound  of  potassium,  which  powerfully  attracts 
oxygen,  and  thus  evolves  heat  enough  to  inflame  the  charcoal  and  sul- 


I phur.  Gay  Lussac  attributes  the  combustibility  of  common  pyrophorus 
I (see  Alumina)  to  the  presence  of  this  compound. 

Sulphate  of  potassa  consists  of 


Potassa  

. 1 .. 

..  48  , 

...  54*5 

Kirwan. 
....  55  ... 

Dalton. 
. 55  3 

Sulphuric  acid  

1 .. 

..  40  . 

...  45*5 

....  45  ... 

. 44*7 

Sulphate  of  potassa  ... 

. 1 

88 

100*0 

100 

100*0 

It  appears  from  Jacquelain’s  researches  that  sulphate  of  potassa  forms 
compounds  with  nitric  and  phosphoric  acids.  When,  for  instance,  it  is 
dissolved  in  nitric  acid  a little  nitrate  and  hydrated  bisulphate  of  potassa 
are  formed,  together  with  a salt  in  oblique  prisms  of  which  the  formula, 
according  to  Graham,  is  H0,N05  + 2 [K0,S03]  : it  fuses  at  202'^,  and 
its  specific  gravity  is  2*38. 

When  sulphate  of  potassa  is  dissolved  in  a concentrated  solution  of 
phosphoric  acid  a double  salt  is  obtained  in  oblique  hexahedral  prisms:  it 
fuses  at  464°,  and  its  specific  gravity  is  2*29.  Its  formula  is  3H0,P05 
+ 2[K0,S03]. 


Bisulphate  of  Potassa,  K0,2S03,  is  formed  by  heating  in  a pla- 
tinum crucible  88  parts  of  sulphate  of  potassa  with  49  of  oil  of  vitriol. 
When  I atom  of  sulphate  is  dissolved  in  from  3 to  5 atoms  of  oil  of 
vitriol,  and  evaporated  to  crystallization,  an  anhydrous  bisulphate  first 
forms  in  acicular  crystals,  but  in  a few  days  it  liquifies  and  is  converted 
into  rhomboidal  hydrated  crystals.  The  acicular  anhydrous  crystals  fuse 
at  410°.  Their  specific  gravity  is  2*27.  The  hydrated  crystals  are  either 
rhomboidal^  fusing  at  386°,  sp.  gr.  2T6,  or  jihrous  and  silky.  (Jac- 
QUELAIN,  Ann.  Ch.  et  PA,,  lxx.  311.)  Graham  terms  the  hydrated  salt, 
sidphate  of  7vater  and  potassa.,  and  represents  it  by  PI0,S03 -f  K0,S03. 
This  salt  is  not  decomposed  below  redness;  at  a red  heat  it  gives  out  sul- 
phuric acid,  sulphurous  acid,  and  oxygen,  and  is  converted  into  the  neu- 
tral salt.  It  is  soluble  without  decomposition  in  about  half  its  weight  of 
boiling  water,  but  by  larger  quantities  of  water  it  is  more  or  less  resolved 
into  neutral  sulphate  and  acid.  The  anhydrous  bisulphate  is  apparently 
isomorphous  with  the  bichromate  of  potassa : their  composition  is  not 
easily  reconciled  with  the  binary  or  salt-radical  theory,  or  with  the  doc- 
trine of  the  constitutional  neutrality  of  salts.  (See  Graham,  Elements., 
p.  328.)  These  bisulphates  consist  of 


Jacquelain.  Jacquelain. 

Potassa  1 ....  48  ....  37-5  ....  37*05  ....  1 ....  48  ....  35*03  ....  34*55 

Sulphuric  acid  2 ....  80  ....  02*5  ....  62*95  ....  2 ....  80  ....  58*39  ....  58*40 

Water — ....  — .... ....  ....  1 ....  9 ....  6*58  ....  6*97 


100*00  100*00 


Bisnlphate  of  potassa  is  also  formed  by  the  distillation  of  2 atoms  of 
nitre  and  1 of  sulphuric  acid,  as  in  the  usual  process  for  obtaining  Nitric 
Acid.  (See  p.  336.)  It  is  often  used  as  a substitute  for  dilute  sulphuric 
acid  for  cleansing  coin  and  other  works  in  metal ; and  has  a place  in  some 
Pharmacopoeice, 
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Sesquisulphate  of  Potassa.  2K0,3S03,H0.  This  salt,  or  in  its 
hydrated  state,  2[K0,S03]  +H0,S03,  described  and  analyzed  by  R. 
Phillips  (Phil.  Mag.,  N.S.,  ii.  420,)  is  sometimes  obtained  as  the  residue 
of  the  distillation  of  equal  av eights  of  nitre  and  sulphuric  acid,  in  fila- 
mentous crystals,  consisting  of 


Potassa 2 ....  00  ....  42'67 

Sulphuric  acid 3 ....  120  ....  53*33 

Water  1 ....  9 ....  4*00 


Crystallized  sesquisulphate  of  potassa  ....  1 225  100*00 

Ammonio-Sulphate  of  Potassa.  [K0,S03;  NH40,S03;  3HO],  is 
obtained  by  adding  ammonia  to  bisulphate  of  potassa,  or  by  mixing  solu- 
tions of  sulphate  of  ammonia  and  sulphate  of  potassa,  and  setting  aside 
to  crystallize  : it  forms  transparent  prisms  of  a bitter  taste:  100  of  Avater 
at  60^  dissolve  13.  (Link,  Cr ell’s  Annals,  1796.)  It  consists  of. 

Sulphate  of  potassa 1 ....  88  ....  48*G 

Sulphate  of  ammonia 1 ....  57  ....  31*5 

Water 4 ....  36  ....  19*9 

Crystallized  ammoiiio-sulphate  of  potassa....  1 J8l  100*0 

Phosphuret  of  Potassium.  KP,  is  a chocolate-broAvn  compound, 
Avhich  rapidly  decomposes  Avater,  evolving  phosphuretted  hydrogen  gas. 
It  is  formed  by  cautiously  heating  atomic  equivalents  of  potassium  and 
phosphorus  out  of  the  contact  of  air ; or  hy  decomposing  phosphuretted 
hydrogen  by  potassium,  Avhich,  Avhen  heated  in  that  gas,  forms  the  phos- 
phuret and  evolves  hydrogen.  The  composition  of  this  phosphuret  has 
not  been  accurately  determined.  When  heated  Avith  potassium  it  appears 
capable  of  combining  with  an  additional  proportion  of  that  substance, 
and  forms  a lead-colored  compound.  When  these  phosphurets  are  put 
into  Avater,  potassa,  hypophosphite  of  potassa,  hydrogen,  and  phosphuretted 
hydrogen,  are  the  results. 

By  heating  potassium  Avith  glacial  phosphoric  acid.  Gay  Lussac  and 
Thenard  obtained  a brown  compound  which  decomposed  water : it  Avas 
probably  a mixture  of  phosphuret  of  potassium  and  phosphate  of  potassa. 

Hypophosphite  of  Potassa  has  been  examined  by  Dulong.  It  is 
very  deliquescent,  and  soluble  in  Avater  and  alcohol  nearly  in  all  propor- 
tions. When  heated  it  evolves  phosphuretted  hydrogen  and  phosphorus, 
and  is  converted  into  phosphate  of  potassa.  {Ann.  Ch.  et  Ph.,  ii.  142.) 
Rose  prepared  it  by  mixing  a solution  of  hypophosphite  of  lime  Avith  one 
of  carbonate  of  potassa,  filtering,  and  evaporating  to  dryness : alcohol, 
digested  upon  the  residue,  takes  up  the  hypophosphite  of  potassa, 
{Quarlerly  Journal,  \Y.  206.)  The  substance  described  by  Grotthus  [Afin. 
de  Ch’im.,  Lxiv.  20),  as  resulting  from  the  action  of  phosphorus  upon  a 
solution  of  potassa,  is  probably  this  hypophosphite.  Wurtz  prepares  this 
salt  hy  double  decomposition,  Avith  hypophosphite  of  baryta  and  sulphate 
of  potassn,  eAmporates  the  solution  to  dryness,  and  redissolves  in  hot 
alcohol  : on  cooling,  it  crystallizes  in  hexagonal  tables,  very  deliquescent 
and  very  soluble  in  dilute  alcohol,  but  less  so  in  absolute  alcohol,  and  in- 
soluble in  ether ; they  do  not  lose  Avater  at  212°  : their  formula  is  KO, 
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)‘  PO,2HO,  or,  according  to  tlie  views  of  Wurtz,  K0,PH203.  {Ann,  CIi. 
i et  P/i.,  Fevr.,  1846.) 

Phosphite  of  Potassa  is  a soluble  deliquescent  uncrystallizable  salt, 
i:  insoluble  in  alcohol.  When  heated,  hydrogen  is  evolved,  and  a neutral 

i phosphate  remains.  (Dulong.)  According  to  Wurtz  {Ann.  Ch.  et  Fh.., 

: Fevr.,  1846),  phosphorous  acid  is  bibasic,  and  the  neutral  phosphite  of 
i:  potassa  is  2K0,P03,H0,  after  having  been  dried  at  538°.  By  evapora- 
: tion  in  vacuo  he  obtained  it  in  indistinct  crystals.  He  has  also  described 
[j  an  acid  phosphite  of  potassa  obtained  by  dividing  a solution  of  phospho- 
)t  rous  acid  into  two  parts,  saturating  one  half  with  carbonate  of  potassa, 

ii  then  adding  the  other  and  evaporating  in  vacuo  : it  forms  a foliated  crys- 
;l|  talline  crust  z=i:  2K0,3P03,7H0. 

Phosphates  of  Potassa.  1.  Common  Phosphate,  a.  3K0,cP05. 
i When  1 equivalent  of  phosphoric  acid  is  fused  with  excess  of  carbonate 
I of  potassa,  3 equivalents  of  carbonic  acid  are  evolved,  so  that  3 of  potassa 
'!  must  have  combined  with  the  acid.  This  salt  yields  small  acicular  crystals, 

■ very  soluble  in  water,  (Graham,)  containing  Saussure. 


(L.  Gmelin.) 

Potassa  3 ....  144  ....  66‘6  ....  65 

c Phosphoric  acid  1 ....  72  ....  33*4  ....  35 


1 216  1000  100 

yS.  H0,2K0,cP05.  This  salt  cannot  be  obtained  in  crystals. 

! (Graham.) 

<y.  K0,2PI0,cP05.  This  phosphate  (formerly  called  biphosphate  or 
I superphosphate^  is  formed  by  adding  phosphoric  acid  to  carbonate  of 
[ potassa  till  the  solution  just  reddens  litmus  paper,  but  on  drying  regains 
its  blue  color.  On  evaporation  crystals  are  obtained,  (Brooke,  Ann. 
Phil..,  xxiii.  450,)  which  contain  basic  water,  but  no  water  of  crystalliza- 
tion; they  sustain  a temperature  of  400°,  but,  at  a higher  temperature, 
water  goes  off,  and  metaphosphate  remains  in  a vitreous  state.  The  crystals 
are  very  soluble  in  water  but  insoluble  in  alcohol,  they  taste  sour,  and 
redden  litmus,  but  the  blue  returns  on  drying.  (Mitscherlich,  Ann,  Ch. 
et  Ph..,  xix.  364.)  They  contain 

MitsclieiTich. 

Potassa 1 ....  48  ....  34'78)  ftcor 

Phosphoric  acid  1 ....  72  ....  52  18j  ‘ ' 

Water  2 ....  18  ....  13-04  ....  13-74 

Crystallized  phosphate  of  potassa....  1 138  lOO’OO  100  00 

2.  Pyrophosphate.  2K0,iP05,  is  the  result  of  the  exposure  of 
H0,2K0,cP05,  to  a red  heat : when  dissolved  in  water  it  does  not 
afford  crystals,  but  reassuming  an  atom  of  water  reverts  to  HO,2KO, 
cP05  (Graham.) 

3.  Metaphosphate.  KO,«P05.  This  salt  is  probably  formed  when 
the  basic  water  of  K0,2H0,P05,  is  expelled  at  a temperature  exceeding 
400°.  If  heated  to  redness,  it  becomes  insoluble  in  water. 

Potassium  and  Selenium.  KSe.  When  these  substances  are  heated 
together,  they  combine  with  intense  action,  and  produce  a grey  crystalline 
compound,  forming  a deep  brown  solution  with  water,  from  which  acids 
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evolve  seleniuretted  hydrogen  and  precipitate  selenium.  When  selenium 
is  heated  -with  excess  of  potassium,  an  explosion  ensues,  and  a compound 
is  obtained  which  furnishes  a red  solution,  and  evolves  hydrogen  by  the 
action  of  water.  The  odor  and  general  characters  of  these  compounds 
so  much  resemble  those  with  sulphur,  as  not  easily  to  he  distinguished 
except  by  the  brown  and  red  colors  of  their  solutions. 

When  powdered  selenium  is  boiled  in  solution  of  potassa,  a dark- 
brown  solution  of  an  hepatic  taste  and  smell  is  the  result,  from  which 
acids  precipitate  selenium.  Fused  with  potassa,  selenium  produces 
seleniate  of  potassa  and  seleniuret  of  potassium. 

Potassa  and  Selenious  Acid  form,  according  to  Berzelius,  a neutral 
selenite  of  jjotassa  (K0,Se02),  a hiselenite  (K0,2Se02),  and  a quad- 
riselenite  (K0,4Se02).  The  first  is  difficultly  crystallizable,  somewhat 
deliquescent,  and  insoluble  in  alcohol.  The  second  forms  plumose 
crystals,  very  sparingly  soluble  in  alcohol.  The  third  is  uncrystallizable. 
(Ann.  Ch.  et  ix.  257.) 

Seleniate  of  Potassa.  K0,Se03.  This  salt  may  be  obtained  by 
fusing  nitre  with  selenium  or  selenious  acid,  or  by  saturating  the  selenic 
acid  by  potassa.  From  the  statement  of  Mitscherlich  it  consists  of 


Mitscherlich. 

Potassa  I ....  48  ....  42*9  ....  42-16 

Selenic  acid 1 ....  64  ....  S?'!  ....  57*84 


Seleniate  of  potassa 1 112  100*0  lOO'OO 


According  to  the  same  authority,  the  seleniates  and  the  sulphates  are 
isomorphous,  the  form  and  optical  properties  of  seleniate  of  potassa 
resembling  those  of  the  sulphate.  {Ann.  Ch.  et  Ph.^  xxxvi.  104.) 

Potassium  and  Carbon.  When  potassa  is  decomposed  at  high  tem- 
peratures by  carbon,  a black  substance  remains  in  the  retort,  which  is 
probably  a carburet  of  potassium  — KC.  It  is  sometimes  explosive  by 
friction;  it  takes  fire  upon  water;  and  if  plunged  into  that  fluid  evolves 
carburetted  hydrogen.  It  is  probable  that  several  of  the  pyrophoric  char- 
coals contain  potassium. 

Potassium  and  Carbonic  Oxide.  When  dry  carbonic  oxide  gas  is 
passed  over  potassium  heated  nearly  to  redness,  a dark-colored  compound 
is  formed,  which  has  been  called  an  oxicarhuret  of  potassium ; it  was 
first  examined  by  L.  Ginelin.  The  sam.e  compound  has  already  been 
mentioned  as  forming  a grey  powder  in  the  process  of  obtaining  potassium 
by  the  action  of  charcoal  on  carbonate  of  potassa.  It  appears  to  consist 
of  potassium  and  carbonic  oxide,  and  has  been  represented  by  the  for- 
mula K3,7C0:  or  K3,C707 : it  is  inflammable,  and  when  in  contact  of 
water  it  yields  carburetted  hydrogen,  and  a dark-orange  colored  solution, 
in  which  a red  powder  is  suspended,  separable  by  filtration.  The  red 
powder  is  a compound  of  potassa  with  an  acid,  which  Heller  has  suc- 
ceeded in  isolating,  and  which  from  the  red  color  of  its  salts  has  been 
called  Phodizonic  acid^  (from  poSi^eiv,  to  redden) ; the  filtered  solution 
yields,  when  evaporated,  a yellow  potash  salt,  the  acid  of  which,  from  the 
yellow  colour  of  its  combination,  has  been  termed  croconic  acid^  (from 
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KpoKO^,  saffron,)  and  the  mother-liquor  retains  oxalate  .and  carbonate 
of  potassa. 

Rhodizonic  Acid,  C707,3H0  ? is  obtained  by  pouring  alcohol  on  the 
rhodizonate  of  potassa,  and  then  adding  sulphuric  acid  diluted  with  half 
its  weight  of  water,  and  digesting  in  a gentle  heat ; sulphate  of  potassa 
and  a colorless  solution  of  the  rhodizonic  acid,  are  the  results : the 
latter,  on  evaporation,  gives  small  colorless  crystals  of  a sour  astringent 
taste,  and  sustaining  a temperature  of  212°  without  change,  but  decom- 
posed at  higher  temperatures.  The  products  of  its  decomposition  have 
not  been  examined,  but  the  rhodizonate  of  lead,  analysed  by  Thaulow,  is 
3P50, 4-C7O7,  so  that  the  acid  is  regarded  as  tribasic.  Although  the 
hydrated  acid  is  colorless,  all  its  salts  are  red,  and  when  crystallized,  green 
by  reflection. 

Ci'oconic  Acid.  C504,H0.  When  a solution  of  an  alkaline  rhodi- 
zonate is  heated,  oxalate  and  croconate  of  the  base  are  produced ; 3KO, 
C7O7  becoming  K0,C203;  KO5C5O4;  and  KO.  Gmelin  obtained  cro- 
conic  acid  by  decomposing  croconate  of  potassa  by  a mixture  of  alcohol 
and  sulphuric  acid,  of  sp.  gr.  1'73,  in  the  form  of  a yellow  powder,  little 
soluble  in  water,  and  giving  by  spontaneous  evaporation,  small  yellow 
crystals,  very  sour  and  astringent,  unchanged  at  212°,  but  at  higher  tem- 
peratures becoming  carbonised  and  burning  without  residue : soluble  in 
alcohol  and  ether,  and  producing  with  bases  yellow  salts.  Croconic  acid 
is  monobasic. 

Carbonate  of  Potassa.  K0,C02,  is  a salt  of  much  importance  in 
arts  and  manufactures,  and  is  known  in  commerce  in  different  states  of 
purity,  under  the  names  of  wood-ash,  pot- ash,  pearl-ash,  suhcarbonaie  of 
potassa : it  w'as  formerly  known  by  other  names,  having  reference  to  its 
sources  ; as  fixed  nitre,  salt  of  tartar,  salt  of  wormwood,  vegetable  alkali, 
&c. 

It  may  be  obtained  directly,  by  passing  carbonic  acid  into  a solution 
of  potassa,  till  saturated,  evaporating  to  dryness,  and  exposing  the  dry 
mass  to  a red-heat;  or  indirectly,  by  burning  purified  tartar  (bitartrate 
of  potassa),  lixiviating  the  residue,  and  evaporating  to  dryness.  A mix- 
ture of  purified  tartar  and  nitre  projected  into  a crucible  heated  to  dull 
redness,  also  affords  by  its  combustion  a residue  of  carbonate  of  potassa, 
which  may  be  obtained  by  lixiviation  as  the  preceding,  {fixed  nitre.) 
When  succulent  vegetables  are  burned,  their  potassa-salts  are  for  the 
most  part  converted  into  carbonate,  hence  the  term  vegetable  alkali;  and 
particular  plants  afford  it  in  larger  quantities  than  others,  especially 
wormwood.  The  younger  branches  of  trees  afford  more  than  the  old 
wood,  hence  their  selection  as  a source  of  wood-ash. 

Carbonate  of  potassa  is  generally  derived  from  two  sources,  for  the 
use  of  the  laboratory;  namely  from  the  carbonate  of  commerce,  or  from 
the  bicarbonate.  The  carbonate  of  potassa  of  commerce  is  purified  by 
lixiviating  it  with  its  weight  of  cold  wmter ; being  more  soluble  than  the 
salts  which  usually  accompany  it,  these  remain  undissolved,  and  the  solu- 
tion, poured  off,  strained  or  filtered  if  necessary,  and  evaporated,  leaves 
the  carbonate  of  potassa.  Or  the  crude  carbonate  may  be  dissolved  in 
water,  filtered,  evaporated  till  the  solution  acquires  the  sp,  gr.  F52,  and 
set  aside  in  a cold  place,  when  the  greater  part  of  the  foreign  salts  are 
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deposited,  and  the  solution  of  the  carbonate  may  he  poured  off : with 
every  precaution,  however,  when  thus  obtained,  it  is  still  impure,  and 
contains  chloride  of  potassium,  and  sulphate  of  potassa,  and  silica.  When 
required  pure  for  analytical  purposes,  carbonate  of  potassa  is  obtained  by 
heating  the  crystallized  bicarbonate  to  a temperature  below  redness,  but 
sufficient  to  expel  its  water  and  half  of  its  carbonic  acid  : the  residue  is 
then  dissolved  in  cold  water,  and  the  filtered  solution  yields  the  pure 
salt,  a portion  of  silica  rendered  insoluble  by  heating,  remains  upon  the 
filter;  if  the  bicarbonate  be  heated  red  hot,  the  silica  expels  carbonic 
acid  to  form  a soluble  silicate,  and  if  not  adequately  heated,  the  solution 
will  still  contain  silica.  According  to  Juch,  if  a pound  of  pearl-ash  he 
dissolved  in<  a pint  of  distilled  water,  and  4 ounces  of  pulverised  vege- 
table charcoal  added,  left  for  24  hours,  being  often  stirred  and  then 
filtered,  it  will  not  contain  a trace  of  silica. 

When  equal  parts  of  bitartrate  and  nitrate  of  potassa  are  burned  in 
successive  portions  in  an  iron  crucible,  the  residue  was  formerly  called 
7vhiie  jiux^  and  alkali  externporaneiiin : when  2 parts  of  tartar  is  used  to 
1 of  nitre,  the  whole  of  the  charcoal  is  not  consumed,  and  the  product 
was  called  black  flux ; these  compounds  being  much  used  in  fusing  or 
fluxing  metallic  ores*. 

Carbonate  of  potassa  is  fusible  without  decomposition,  at  a red-heat ; 
its  specific  gravity  is  2*24  : it  is  very  soluble  in  w^ater,  which  at  55°  takes 
up  nearly  its  own  w^eight.  According  to  Poggiale,  100  of  water  at  50° 
take  up  83’12  of  the  anhydrous  salt;  94*06  parts  at  68°;  112*9  parts  at 
122°;  134*25  parts  at  176°;  153*6  parts  at  212°,  and  205*11  parts  at 
275°,  which  is  the  boiling-point  of  the  saturated  solution.  It  deliquesces 
by  exposure  to  air,  forming  a dense  solution,  formerly  called  oil  of  tartar 
'per  deliquium.  Its  taste  is  alkaline,  and  it  has  a strong  alkaline  action 
upon  test-papers.  It  consists,  in  its  fused  or  anhydrous  state,  of 


Vauquelin.  Dalton. 

Potassa I ....  48  ....  68*6  ....  67  ....  68*9 

Carbonic  acid  1 ....  22  ....  31*4  ....  33  ....  31  1 


Carbonate  of  potassa 1 70  100*0  100  100*0 


A saturated  solution  of  carbonate  of  potassa  in  water  contains  about 
48  per  cent,  of  the  salt,  and  has  a specific  gravity  of  1*5.  The  following 
table,  showdng  the  quantity  of  dry  carbonate  of  potassa  in  solutions  of 


different 

specific  gravities. 

is  by  Tiinnermann. 

(Gmelin 

•) 

Sp  gr. 

Per  Cent. 

Sp.  gr. 

Per  Cent. 

Sp.gr. 

Per  Cent. 

Sp.  gr. 

Per  Cent. 

1*481  .. 

..  40*50 

1*358 

....  30*35 

1*228  .. 

..  19*58 

1*094 

....  8*81 

1*475  .. 

..  40*13 

1*348 

....  29*36 

1*215  .. 

..  18*60 

1*083 

....  7*83 

1*462  .. 

..  39*16 

1*337 

....  28*39 

1*202  .. 

..  17*62 

1*072 

....  6*85 

1*450  .. 

..  38*18 

1*327 

....  27*41 

1*189  .. 

..  16*64 

1*061 

....  5*87 

1*438  .. 

..  37*20 

1*317 

....  26*43 

1*176  .. 

..  15*66 

1*050 

....  4*89 

1*426  .. 

..  36*22 

1*307 

....  25*45 

1*164  .. 

..  14*68 

1*040 

....  3*92 

1-414  .. 

..  35*24 

1*298 

....  24*47 

1*152  .. 

..  13*71 

1*029 

....  2*93 

1*403  .. 

..  34*26 

1 *283 

....  23*49 

1*140  .. 

..  12*73 

1*011 

....  1*96 

1*391  .. 

..  33*28 

1*269 

....  22*52 

1*128  .. 

..  11*75 

1*009 

....  0*98 

1*380  .. 

..  32*30 

1*255 

....  21*54 

1*116  .. 

..  10*77 

1*005 

....  0*49 

1*369  .. 

..  31*32 

1*241 

....  20*54 

1*105  .. 

..  9*79 

* The  purified  carbonate  of  potassa  of 
the  shops  should  be  perfectly  soluble  in 


twice  its  weight  of  cold  water.  It  often 
contains  silica,  sulphate  of  potassa,  chloride 
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) If  a solution  of  this  carbonate  be  evaporated  till  of  a specific  gravity  of 
>■  1'62  and  then  poured,  whilst  warm,  into  a tall  cylindrical  glass  vessel, 

)(  and  suffered  slowly  to  cool,  it  furnishes  crystals  in  long  rhomboidal  tables, 

1 which  are  very  deliquescent.  The  remaining  mother-liquor,  when  cold, 

! yields  further  crystals  on  evaporation,  or  when  long  kept:  in  the  latter 
,1  case,  the  crystals  are  rhombic  octohedra.  (Berard,  Ann.  Ch.  et  Ph., 
■>  Lxxi.  50.  Giese,  Scherers  Annalen^  iv.  294.)  Fabbroni  afterwards 
I described  these  crystals,  without  being  aware  that  they  were  previously 
jl  known.  {Atm.  Ch.  ei  Ph.,  xxv.  5.)  They  consist  of 

.)  Giese.  Berard. 

Potassa  1 ....  48  ....  54-5  ....  551 

" Carbonic  acid  1 ....  22  ....  25-0  ....  25j"” 

i|  Water 2 ....  18  ....  20-5  ....  20  ....  20'6 

Crystallized  carbonate  of  potassa  1 88  lOO’O  100  100*0 

Carbonate  of  potassa  is  insoluble  in  alcohol,  and  is  occasionally 
; employed  to  deprive  alcohol  of  water.  Berzelius  states,  that  if  steam  be 
I passed  over  this  salt  in  a red-hot  tube,  its  carbonic  acid  is  expelled,  and 
I hydrated  potassa  formed.  A few  of  the  metals,  and  charcoal  at  very  high 
I temperatures,  decompose  it  with  the  production  of  potassium.  The 
I action  of  sulphur  and  of  phosphorus  upon  this  carbonate  has  already 
I been  noticed.  At  a white  heat  in  an  open  vessel  it  slowly  evaporates. 

Manufacture  of  Potash  and  Peal  ash.  Alkalimetry.  The  con- 
sumption  of  carbonate  of  potassa  in  various  manufactures  is  almost  exclu- 
li  sively  supplied  by  the  combustion  of  vegetables,  and  consequently  its 
; production  is  limited  to  those  countries  which  require  clearing  of  timber, 

I or  where  there  are  vast  natural  forests.  The  English  market  is  chiefly 
' supplied  from  North  America.  If  vegetables  growing  in  a soil  not  im- 
, pregnated  with  sea -salt  be  burned,  the  residue,  which  is  in  the  form  of  a 
j brown  saline  mass,  contains  a large  relative  proportion  of  carbonate  of 
potassa,  and  is  commonly  called  roiigh.^  or  crude  potash.  If  it  be  again 
I calcined  so  as  to  burn  away  the  carbonaceous  matter  entireN,  it  becomes 
a white  mass,  generally  termed  pearlash. 

The  pearlash  of  commerce  contains  a variety  of  impurities  (especially 
chloride  of  potassium  and  sulphate  of  potassa),  which  render  it  of  variable 
value.  In  general,  its  purity  may  be  judged  of  by  its  easy  solubility  in 
I water,  2 parts  of  which  should  entirely  and  easily  dissolve  1 part  of  the 
salt  without  the  aid  of  heat;  the  residue,  if  any,  consists  of  impurities. 
The  quantity  of  nitric  acid  of  a given  density,  requisite  to  saturate  a 
given  weight,  may  also  be  resorted  to  as  a criterion  of  its  purity.  100 
parts  of  nitric  acid,  specific  gravity  1*36,  will  saturate  65*7  parts  of  dry 


of  potassium,  and  carbonate  of  lime.  To 
detect  these,  dissolve  a hundred  grains  in 
excess  of  nitric  acid  diluted  with  eight  parts 
of  water;  the  silica,  if  any  he  present,  re- 
mains undissolved,  or  may  be  rendered 
insoluble  by  evaporation  : separate  the  so- 
lution into  three  equal  parts ; to  the  first, 
add  nitrate  of  baryta,  which  causes  a pre- 
cipitate of  sulphate  ; collect,  wash,  and  dry 
it;  100  parts  are  equivalent  to  74  of  sul- 


phate of  potassa:  to  the  second,  add  nitrate 
of  silver;  100  grains  of  the  ])recipitate, 
washed  and  dried  at  a dull  red-heat,  are 
equivalent  to  52  of  chloride  of  potassium  : 
to  the  third,  add  oxalate  of  ammonia,  and 
dry  the  edulcorated  precipitate  at  a heat  of 
300°;  100  parts  are  equal  to  77  of  car- 
bonate of  lime.  When  cyanide  of  potassium 
is  present  it  may  be  detected  by  solution  of 
iron  with  excess  of  hydrochloric  acid. 
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carbonate  of  potassa,  which  are  equivalent  to  45  parts  of  pure  potassa;  or 
355  grains  of  diluted  sulphuric  acid  of  the  specific  gravity  of  1*141  exactly 
neutralize  100  grains  of  pure  carbonate  of  potassa.  Hence,  if  we  dissolve 
100  grains  of  the  alkali  to  he  examined,  in  six  or  eight  parts  of  water, 
and  gradually  add  the  test  sulphuric  acid  till  we  find,  by  the  application 
of  proper  test-papers,  that  the  alkali  is  exactly  neutralized,  we  may 
deduce,  from  the  weight  of  the  acid  consumed,  the  proportion  of  real 
carbonate  present : for  as  355  is  to  100,  so  is  the  weight  of  the  test-acid 
employed  to  that  of  the  pure  carbonated  alkali  present.  To  save  trouble, 
the  acid  properly  diluted  may  be  put  into  a glass  tube,  so  graduated  as  to 
show  directly  the  value  of  the  alkali  by  the  quantity  consumed  in  its 
saturation.  Thus  we  find,  by  reference  to  the  scale  of  equivalents,  that 
100  parts  of  carbonate  of  potassa  are  saturated  by  79  of  sulphuric  acid, 
specific  gravity  1*84.  If,  therefore,  we  put  79  grains  of  such  acid  into  a 
tube  divided  into  100  parts,  and  fill  it  up  with  water,  it  follows  that  the 
quantity  of  carbonate  of  potassa  existing  in  any  sample  of  pearlash  under 
examination,  will  be  directly  shown  by  the  measure  of  such  diluted  acid 
required  for  saturation;  100  grains  of  the  sample,  if  pure  carbonate, 
would  require  the  whole  100  measures  of  acid;  but  if  only  containing  50 
per  cent,  of  pure  carbonate,  the  100  grains  would  be  saturated  by  50 
measures  of  the  test-acid,  and  so  on.  Such  graduated  tubes  are  some- 
times alkalimeters^ . 


318 


1000 


Soda 


The  following  directions  respecting  their  construction  and  use,  I 
abstract  from  Faraday’s  Manipulation.  Let  a tube,  closed  at  one  end 
(fig.  318),  of  about  three-fourths  of  an  inch  internal  diameter,  and  nine 
inches  and  a half  in  length,  have  1000  grains  of  water  weighed  into  it; 

then  let  the  space  it  occupies  he  graduated  into 
100  equal  parts,  and  every  ten  divisions  num- 
bered from  above  downwards.  At  23*44  parts, 
or  79*56  parts  from  the  bottom,  make  an  extra 
line  a little  on  one  side,  or  even  on  the  oppo- 
site side  to  the  graduation,  and  write  at  it  with 
a scratching  diamond,  soda;  lower  down,  at 
48*96  parts,  make  another  line  and  vfxitQ  potash  ; 
still  lower  at  54*63  parts,  a third  line  marked 
carb.  soda;  and  at  65  parts  a fourth,  marked 
carb.  potash.  It  will  be  observed  that  portions 
are  measured  off,  beneath  these  marks,  in  the 
inverse  order  of  the  equivalent  numbers  of 
these  substances,  and  consequently  directly  pro- 
portionate to  the  quantities  of  any  particular 
acid  which  will  neutralize  equal  weights  of  the 
alkalis  or  their  carbonates.  As  these  points  are 
of  great  importance,  it  will  be  proper  to  verify 
them  by  weighing  into  the  tube  first  350,  then 
453*7,  then  510*4,  and  lastly  795*6  grains  of 
w*ater,  which  will  correspond  with  the  marks  if 


Potash  , . . 
Caxb,  Soda  . 

Carb.  Potash 


— 5 
-rr  10 
^ 15 

— 20 
25 

__  30 
_ 35 
^40 
45 
— ; 50 
,55 
: 60 

- 65 
i—  70 

- 75 

- 80 

ii 

^ 85 
I—  90 
- 95 
--^'100 


* Fresenius  and  Will  have  proposed  an 
alkalimeti'ical  process  dependant  under  due 
precautions,  upon  the  determination  of  the 


quantity  of  carbonic  acid  in  the  sample 
under  examination.  {Chem.  October, 
1843.  Bullock.) 
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; they  are  correct.  Or  the  graduation  may  he  laid  down  from  the  surface 
: of  the  four  portions  of  fluid  when  weighed  in,  without  reference  to  where 
i they  flill  upon  the  general  scale.  The  tube  is  now  completed,  except 
: that  it  should  he  observed  whether  the  aperture  can  he  perfectly  and 
■I  securely  covered  by  the  thumb  of  the  left  hand,  and  if  not,  or  if  there  be 
! reason  to  think  it  not  ultimately  secure,  then  it  should  be  heated  and 
1 contracted  until  sufficiently  small. 

Diluted  sulphuric  acid  must  now  be  prepared,  to  be  used  with  the 
i tube.  When  of  a specific  gravity  of  1’1268,  it  will  be  very  nearly,  if 
I not  accurately,  of  the  strength  required;  and  this  may  be  obtained  by 
I mixing  1 part  by  weight  of  oil  of  vitriol  of  specific  gravity  1*82,  Avith  4 
I parts  of  AA^ater.  If,  Avhen  cold,  the  specific  gravity  of  this  diluted  acid 
I be  as  above  mentioned  1*1268,  it  must  be  nearly,  if  not  exactly,  of  the 
■ i strength  required;  but  before  being  admitted  into  use,  should  be  examined 
; experimentally.  Assuming  it,  hoAvever,  as  being  absolutely  correct,  it 
i Avill  be  found  that  a cjuantity  measured  into  the  tube  up  to  any  one  of 
I the  four  marks  described,  is  sufficient  to  neutralize  100  grains  of  the  dry 
i alkali  or  carbonate  set  down  at  the  mark;  consequently,  if  Avater  be 
i added  in  the  tube,  thus  filled  up  to  any  one  of  the  marks,  until  the  100 
j parts  are  full,  and  the  Avhole  uniformly  mixed,  1 part  of  such  diluted 
! acid  Avill  neutralize  I grain  of  the  alkali  or  carbonate  named  at  the  mark, 

I up  to  Avhich  the  tube  Avas  first  filled  Avith  the  acid  of  specific  gravity 

1*1268. 

! When  a specimen  of  potash,  barilla,  or  kelp,  is  to  be  examined  by 
I this  instrument,  100  grains  are  to  be  Aveighed  out,  dissolved  in  AA^arm 
I Avater,  filtered,  the  insoluble  portion  Avashed,  and  the  solution  added  to 
( the  rest;  by  this  process  the  alkali  Avill  be  separated  from  carbonate  of 
I lime,  or  other  insoluble  matters,  Avhich  otherwise  might  cause  errors  in 
I the  estimation.  The  alkaline  solution  is  to  be  put  into  a basin  on  the 
I sand-bath,  and  then  the  tube  and  acid  prepared.  For  this  purpose  some 
1 of  the  acid,  of  specific  gravity  1*1268,  is  to  be  poured  into  the  tube  until 
I it  rises  up  to  the  mark  indicating  the  substance  to  be  tested  for;  potash 
or  carbonate  of  potash  for  the  potash  or  pearlash  of  commerce,  and  soda 
or  carbonate  of  soda  for  barilla  or  kelp:  then  Avater  is  to  be  added  care- 
fully, until  the  hundred  parts  are  filled,  and  closing  the  tube  Avitli  the 
finger,  its  contents  are  to  be  perfectly  agitated  and  mixed. 

The  alkali  in  the  basin  is  noAV  to  be  neutralized  AA’ith  the  acid  in  the 
tube.  After  having  once  placed  the  thumb  of  the  left  hand  over  the 
aperture  of  the  tube,  it  is  not  to  be  again  removed;  but  inverting  the 
tube  by  turning  the  hand  so  that  the  thumb  and  the  mouth  of  the  tube 
are  doAvnwards,  the  acid  is  to  b€  let  out  gradually  into  the  alkaline 
solution,  by  relaxing  the  thumb  and  admitting  a succession  of  small 
bubbles  of  air;  the  hot  solution  beneath  is  to  be  continually  stirred,  so 
as  to  mix  the  acid  instantly  AAnth  the  AAdiole,  and  the  operator  must  pro- 
ceed Avith  increased  caution  as  the  point  of  neutralization  is  approached. 
Very  small  quantities  of  the  acid  may  be  added,  by  slightly  relaxing  the 
thumb  so  as  to  permit  a minute  quantity,  less  than  a drop,  to  floAv  to  its 
extremity,  and  touching  it  AAdth  a glass  rod;  the  final  adjustment  may 
thus  be  made  more  accurately  than  by  dropping  the  acid  from  the  lip  of 
the  tube.  The  process  must  be  carried  on  until  the  alkali  is  found  by 
the  test-papers  to  have  been  exactly  neutralized:  then  the  tube  must  be 
VoL.  11.  2 R 
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inverted,  the  tliurah  removed,  drawing  its  under  surface  over  the  edge  of  ^ 
the  tube,  so  as  to  leave  as  much  as  possible  of  the  fluid  that  otherwise 
might  adhere  to  it,  and  having  allowed  the  sides  to  drain,  it  must  he 
observed  how  many  parts  of  acid  have  been  used,  the  number  of  which 
will  indicate  the  number  of  grains  of  the  alkali  or  carbonate,  contained  in 
the  100  grains  of  the  impure  alkali  operated  with^. 

With  respect  to  the  proper  strength  of  the  acid,  it  is  to  he  examined 
in  the  following  manner:  crystals  of  bicarbonate  of  potassa  are  to  be  fused 
in  a platinum  crucible,  the  fluid  poured  out  upon  a clean,  cold  metal  plate, 
and  a ]3iece  of  the  resulting  solid,  estimated  to  be  70,  80,  or  100  grains, 
weighed  in  water;  in  this  way  a knoAvn  Aveight  of  pure  carbonate  of 
potash  will  be  obtained  in  solution.  The  solution  is  then  to  be  diluted, 
heated,  and  neutralized  by  acid  from  the  tube  diluted  as  before  described, 
from  the  mark  of  carbonate  of  potassa.  If  it  be  found  that  as  many  parts 
of  the  acid  have  been  used  as  of  grains  of  the  carbonate  weighed  out,  the 
acid  is  of  proper  strength:  if  more  acid  has  been  used,  it  is  too  weak;  if 
less  has  been  sufficient,  it  is  too  strong.  Suppose  for  instance  that  100 
grains  of  the  salt  (fused  carbonate  of  potassa)  had  been  used,  and  that  90 
parts  of  the  acid  were  sufficient;  then  these  90  parts  ought  to  have  occu- 
pied the  100,  and  consequently  the  100  parts  contain  one-tenth  too  much 
acid,  in  consequence  of  the  experimental  acid  itself  containing  one-tenth 
more  than  it  ought  to  do.  Hence  the  latter  must  be  diluted  with  sueh  a 
quantity  of  water  as  will  make  9 volumes  into  10,  or  by  one-ninth  its 
volume;  for  as  the  90  parts  used  are  to  the  100  parts  they  ought  to  have 
occupied,  so  is  any  number  of  parts  by  volume  of  the  acid  under  trial  to 
the  number  of  parts  which  it  ought  to  occupy.  The  difference  betw^een 
the  two  last  numbers  will  give  the  quantity  of  water  in  volumes,  to  be 
added  to  the  acid  expressed  by  the  first  of  them,  in  order  to  correct  it  and 
make  it  of  proper  strength.  On  the  contrary,  if  it  were  found  that  the 
100  parts  were  insufficient,  and  that  10  parts  more  of  similar  acid  were 
required,  then  there  is  too  much  water  by  one- eleventh  of  the  whole  in 
bulk,  the  correction  for  which  would  be  one-tenth  more  of  the  35  parts 
of  acid  put  into  the  tube  up  to  the  mark  65  carh.  potassa.  This  tenth  is 
3’5  parts,  but  as  only  a fifth  of  that  or  0’7  parts  is  aeid,  therefore  0*7  parts 
by  weight  of  the  same  oil  of  vitriol  that  was  used  before  must  be  added 
for  every  35  parts  of  the  mixed  acid.  The  correction  in  any  other  case 
may  be  easily  made,  by  considering  that  the  number  of  parts  over  a hun- 
dred which  are  necessary  to  saturate  the  100  grains  of  carbonate  of 
potassa,  are  proportionate  to  the  quantity  of  oil  of  vitriol  which  must  be 
added  to  bring  the  experimental  acid  to  proper  strength:  thus  if  136 
parts  of  the  diluted  acid  were  used,  then  thirty-six  hundredths  more  of 
the  weight  of  oil  of  vitriol  already  used  must  be  added;  and  tlie  quantity 
of  oil  of  vitriol  that  was  added  at  first  being  known  to  be  one-fifth  by 


* Some  of  the  impure  sources  of  potash 
and  soda  used  in  the  arts,  contain  amongst 
other  substances  sulphuret  and  sulphite  of 
alkali.  Both  these  occasion  errors  in  the 
mode  of  estimation  above  described,  to  ob- 
viate which  MM.  Welter  and  Gay  Lussac 
{Annales  cle  Chimie,  xiii.  212)  advise,  that 
after  the  soluble  parts  have  been  separated 


by  water,  a little  chlorate  of  potash  should 
be  added  to  them,  the  whole  evaporated 
and  heated  to  redness.  This  converts  the 
sulphuret  and  sulphite  into  neutral  sul- 
phate, and  then  upon  re-dissolving  the 
whole,  the  caustic  and  carbonated  alkali 
may  be  ascertained  as  above  described. 
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^ 'vveiglit,  the  additional  quantity  required  is  easily  ascertained.  These 
! corrections  are  not  strictly  accurate,  hut  sufficiently  so  to  meet  even  the 
I exaggerated  cases  put  of  a difference  of  10  parts,  and  to  bring  it  'within 
i tlie  limit  of  errors  of  experiment. 

Sometimes  instead  of  using  test-papers,  a little  of  the  neutralized  hluc- 
! cabbage  liquor,  or  of  infusion  of  litmus,  may  he  put  into  the  alkaline 
1 solution;  the  former  immediately  assumes  a green  tint:  and  by  attending 
! to  the  change  effected  by  the  addition  of  the  acid,  and  noticing  the  point 
tj  'when  blueness  is  again  restored  to  the  cabbage-color,  or  'when  the 
litmus  becomes  reddened,  the  indication  of  neutrality  is  sufficiently  evi- 
I dent  and  accurate  for  general  purposes.  The  test  by  papers,  is,  however, 
a.  more  precise. 

A process  of  neutralization,  quite  the  same  in  principle,  may  be  adopted 
} for  the  purpose  of  estimating  the  strength  of  acids^  but  from  circumstances 
i it  is  not  often  used,  and  being  easily  comprehended  from  the  above  direc- 
i tions,  claims  no  further  notice  here. 

Bicarbonate  of  Potassa.  K0,2C02,II0,  or  K0,C02  + 110,002, 

I is  formed  by  passing  a current  of  carbonic  acid  into  a solution  of  the  car- 
,1  bonate,  or  by  subjecting  the  moist  carbonate  to  excess  of  carbonic  acid  ; 

1 for  this  purpose,  Wohler  calcines  tartar,  moistens  the  cold  carbonaceous 
i mass  with  a little  water,  and  saturates  it  with  carbonic  acid,  which  it 
i absorbs  rapidly,  and  with  the  evolution  of  heat,  so  that  the  vessel  should 
I be  kept  cool  by  immersion  in  water ; the  mass  is  then  lixiviated  with 
ij  water  at  140°,  and  the  filtered  solution  deposits  crystals  of  bicarbonate 
I on  cooling.  Bicarbonate  of  potassa  may  also  be  obtained  by  the  action 
1 of  sesquicarbonate  of  ammonia  on  carbonate  of  potassa ; pure  ammonia  is 
j evolved. 

j Bicarbonate  of  potassa  only  exists  in  hydrated  crystals : they  belong 
i to  the  oblique  prismatic  system ; their  primary  form,  which  is  a right 
i(  oblique-angled  prism,  and  their  cleavages,  have  been  described  by  Levy 
i in  the  Quarterly  Journal,  xv.  286,  and  by  Brooke.  (Ann.  of  Phil.^  N.  A., 
i vi.  42.)  They  are  not  deliquescent.  Their  taste  is  only  slightly  alka- 
{ line,  and  they  require  for  solution  about  four  parts  of  water,  at  60°. 

I Boiling  water  dissolves  nearly  its  own  weight  of  the  crystals,  but  during 
1 the  solution  a portion  of  carbonic  acid  is  evolved,  and  by  long  boiling, 

I the  salt  becomes  sesquicarbonate^  or,  according  to  some,  reverts  to  the 
I state  of  normal  carbonate.  Bicarbonate  of  potassa  is  nearly  insoluble  in 
absolute  alcohol  (soluble  in  1200  of  boiling  alcohol.  Bergman.)  Ex- 
[ posed  to  a red-heat,  it  evolves  carbonic  acid  and  water,  and  carbonate  of 
potassa  remains.  This  salt  was  first  observed  by  Dr.  Wollaston  to  con-v 
tain  exactly  twice  the  quantity  of  carbonic  acid  existing  in  the  carbonate, 
and  to  part  with  exactly  half  its  carbonic  acid  and  the  whole  of  its 
water,  at  a red  heat.  (Phil.  Trans..,  1808.)  It  contains,  according  to 
Berard,  9 per  cent,  of  water.  It,  therefore,  consists  of 

Berard. 

Potassa  1 ....  48  ....  47‘53  ....  48'y2 

Carbonic  acid  2 ....  44  ....  43*5{>  ....  42'0l 

Water  1 ....  0 ....  8'91  ....  9'07 

Crystals  of  bicarbonate  of  potassa  1 101  100  00  lOO'OO 

It  is  sometimes  stated  that  during  the  saturation  of  silicated  carbo- 
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nate  of  potassa  with  carbonic  acid,  the  whole  of  the  silica  is  precipitated  ; 
hut  this  is  not  the  case  ; during  the  crystallization  of  the  salt,  an  addi- 
tional deposition  of  silica  generally  ensues  ; hut  when  the  crystals  have 
been  redissolved,  and  a second  or  third  time  crystallized,  the  silica  is 
almost  entirely  excluded. 

The  following  proportions  may  he  used  for  the  preparation  of  bicar- 
bonate of  potassa  upon  the  large  scale  : 100  lbs.  of  purified  carbonate  of 
potassa  are  dissolved  in  17  gallons  of  water,  which,  when  saturated  with 
carbonic  acid,  yield  from  35  to  40  lbs.  of  crystallized  bicarbonate;  50  lbs. 
of  carbonate  of  potassa  are  then  added  to  the  mother-liquor,  with  a suffi- 
cient quantity  of  water  to  make  up  17  gallons,  and  the  operation  repeated. 
(Hennell.) 

The  carbonate  and  bicarbonate  of  potassa  are  both  decomposed  by 
quick-lime,  which  deprives  them  of  carbonic  acid ; hence  the  use  of  that 
substance  in  the  process  for  obtaining  pure  potassa.  They  are  also 
decomposed  by  the  greater  number  of  acids,  which  unite  with  the  alkali, 
the  carbonic  acid  being  expelled  with  effervescence. 

SeSQUIC  ARSON  ATE  OP  PoTASSA.  2K0,3C02,  01'  KO,C02  + KO, 
2C02.  When  solution  of  bicarbonate  of  potassa  is  boiled  till  one-fourth 
of  its  carbonic  acid  is  expelled,  it  is  probable  that  this  salt  is  formed. 
It  may  also  be  obtained  by  adding  131  parts  of  finely-powdered  bicar- 
bonate of  potassa  to  100  of  carbonate,  dissolved  in  water  at  140°.  On 
cooling  the  sesquicarhonate  crystallizes.  Pose  doubts  the  existence  of 
this  salt,  (PoggeJid.,  xxxiv.  149,)  and  Berzelius  supposes  that  the  carbo- 
nate and  bicarbonate  may  unite  in  more  than  one  proportion.  It  was 
first  noticed  by  Berthollet  in  1809.  A similar  salt  is  mentioned  by 
Thomson  [Prmcip.  of  Chcm,^  II.  225,)  who  states  it  to  consist  of 


Potassa  2 ....  06  ....  35'5G 

Carbonic  acid 3 ....  66  ....  24 '44 

Water  12  ....  108  ....  40-00 


Ci-ystallized  sesquicarhonate  of  potassa  1 270  lOO'OO 


Potassium  and  Cyanogen.  Cyanide  of  Pota,ssium.  Cyanuret 
OF  Potassium.  K,C2N,  or  KCy,  is  obtained  by  passing  a current  of 
cyanogen  over  heated  potassium ; the  metal  absorbs  the  gas  with  igni- 
tion, and  yields  a yellowish  grey  compound.  It  is  also  formed  by  satu- 
rating a concentrated  solution  of  caustic  potassa  with  hydrocyanic  acid, 
and  boiling  down  in  a retort  till  crystallization  commences;  the  liquid 
is  then  poured  into  a porcelain  capsule  and  heated  till  the  residue  is  of  a 
dull-red  heat.  Another  mode  of  obtaining  it  consists  in  reducing  the 
crystallized  ferrocjmnide  of  potassium  to  powder,  drying  it,  and  heating  it 
to  bright  redness  in  a covered  iron  vessel,  letting  it  cool  excluded  from 
air,  bruising  the  porous  fused  mass,  putting  it  into  a glass  funnel,  | 
moistening  it  with  spirit  of  wine,  and  then  lixiviating  it  with  cold  water;  I 
the  first  runnings  are  colorless  and  concentrated,  and  should  be  rapidly 
evaporated  to  dryness  and  fused  in  a porcelain  capsule  : or  the  fused 
mass  may  be  boiled  in  -weak  alcohol,  and  on  cooling  the  cyanide  of 
potassium  is  deposited.  A spirit  of  -wine  containing  60  per  cent,  of 
alcohol  (sp.gr.  *896)  largely  dissolves  cyanide  of  potassium  at  its  boiling- 
point,  but  lets  nearly  the  whole  fall  on  cooling;  stronger  or  -weaker 
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alcoliol  retains  mucli  more  In  permanent  solution.  According  to  AVJgger, 
cyanide  of  potassium  is  also  obtained  ])y  tlie  transmission  of  hydrocyanic 
vapor  from  a mixture  of  ferrocyanide  of  potassium  and  sulphuric  acid, 
into  a concentrated  alcoholic  solution  of  potassa;  as  soon  as  it  is  satu- 
rated, the  cyanide  precipitates  in  the  form  of  a crystalline  poAvder. 
(Liebig.)  In  a subsequent  communication  to  the  Chemical  Society, 
(Mem.,  I.  94,)  Liebig  modifies  the  aboA^e  process  as  folloAA's : 8 parts  of 
ferrocyanide  of  potassium,  dried,  poAvdered,  and  mixed  Avith  3 of  dry 
carbonate  of  potassa,  are  throAvn  into  a red-hot  earthen  crucible,  fused, 
and  occasionally  stirred,  till  the  fused  salt  becomes  colorless : the  crucible 
is  then  removed  from  the  fire,  the  contents  stirred  Avith  a glass  rod,  and 
the  clear  salt  poured  off  from  the  sediment,  Avhich  is  principally  iron  in 
a finely  divided  state.  Thus  obtained,  the  cjmnide  is  mixed  Avith  a 
portion  of  cyanate,  but  the  presence  of  the  latter  salt  does  not  interfere 
Avith  many  of  the  uses  to  Avhich  cyanide  of  potassium  is  applicable,  more 
especially  the  operations  of  electro-metallurgy.  P>ythis  process  2 equiva- 
lents of  ferrocyanide  and  2 of  carbonate  are  resolved  into  5 of  cyanide, 
1 of  cyanate,  2 of  iron,  and  2 of  carbonic  acid;  2 [FeK2Cy3] -f  2 [KG, 
CO2]  z=5  KCy  -1-  KO,CyO  -f-  2Fe  -f  2C02.  Liebig  and  TrautAvein  recom- 
mend the  use  of  this  salt  instead  of  the  ferrocyanide  for  the  preparation  of 
liydrocyanic  acid  by  distillation  Avith  dilute  sulphuric  acid.  (See  p.  513.) 

AVhen  animal  substances,  such  as  horn  or  dried  blood,  are  calcined  at 
a red -heat,  Avith  half  their  Aveight  of  carbonate  of  potassa,  so  long  as  a 
blue  flickering  flame  burns  upon  the  surface,  and  after  the  mass  has 
cooled,  if  it  be  lixiviated  Avith  a small  quantity  of  Avater,  a solution  of 
carbonate  Avith  cyanide  of  potassium  is  obtained,  Avhich,  Avhen  filtered, 
precipitated  Avith  acetate  of  lime,  again  filtered,  and  mixed  Avith  alcohol, 
yields  a precipitate  of  cyanide  of  potassium.  So  also  a current  of 
nitrogen  passed  OA^er  a Avhite-hot  mixture  of  carbonate  of  potassa  and 
charcoal  yields  cyanide  of  potassium,  Avhich  settles  in  the  colder  parts  of 
the  tube  in  the  form  of  a Avhite  poAvder,  carbonic  oxide  being  at  the  same 
time  evolved.  (Foaa'nes.)  In  these  cases  the  union  of  the  carbon  and 
nitrogen  to  form  c3mnogen  seems  determined  by  the  presence  of  the  base. 
Cyanide  of  potassium  is  occasionally  formed  in  iron  furnaces  Avhere  raAv 
coal  is  used  for  fuel,  Avith  tbe  hot  blast.  (Clark.) 

Cyanide  of  potassium  should  be  carefully  preserved  out  of  the  contact 
of  air  and  Avater;  it  may  be  fused  Avithout  decoinjiositlon,  provided  air  be 
excluded,  and  is  not  changed  by  a red  heat;  but  Avith  the  access  of 
oxygen  it  becomes  cyanate  of  potassa.  KCy -f  20=K0,Cy0.  After 
fusion  it  often  crystallizes  in  cubes;  its  taste  is  pungent  and  alkaline, 
accompanied  Avith  the  flav^or  of  hydrocyanic  acid.  It  is  A'cry  soluble  in 
Avater,  and  may  be  obtained  from  its  aqueous  solution  in  octohedral  anhy- 
drous crystals : it  Is  little  soluble  in  cold  alcohol,  so  that  the  latter  throAvs 
it  doAvn  from  its  recent  and  cold  aqueous  solution : exposed  to  air  it 
becomes  moist  and  smells  of  bydrocj-anic  acid : it  has  an  alkaline 
reaction,  and  is  A^ery  poisonous.  Its  solution  Is  decomposed  by  the  acid.s, 
Avhich  resolve  it  into  potassa  and  h^nlrocyanic  acid ; and  Avhen  heated, 
its  elements  enter  into  ncAV  combinations,  producing  ammonia,  and  car- 
bonic and  hydrocyanic  acids.  Cyanide  of  potassium  is  a very  poAverful 
reducing  agent  as  respects  oxides  and  sulphurets,  and  as  such  is  recom- 
mended by  Liebig  in  mineral  analysis ; the  oxides  of  copper,  and  those  of 
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tin,  iron,  and  lead,  are  immediately  reduced  when  sprinkled  into  the 
fused  cyanide.  (Mem.  CJiem.  Soc.,  I.  97-) 

When  cyanide  of  potassium  effervesces  with  the  acids,  it  contains 
carbonate  of  potassa : a yellow  tint  indicates  the  presence  of  iron : if 
it  blackens  when  calcined,  it  is  contaminated  by  formiate  of  potassa, 
(Liebig.)  It  consists  of 


Carbon  ... 

Nitrogen 

Potassium 


Liebig. 

1 ..  . 14 ^ •••• 

1 ....  40  ....  60-50  Potassium  1 ....  40  ....  60-50  ....  50-70 


Cyanide  of  potassium  1 66  100*00  1 60  lOO'OO  100-00 


Cyanate  of  Potassa.  KO,CyO,  is  obtained  by  carefully  heating  a 
mixture  of  4 parts  of  powdered  dry  ferrocyanide  of  potassium,  and  1 of 
peroxide  of  manganese  to  dull  redness : when  cold,  the  fused  mass  is 
powdered,  and  boiled  in  alcohol  of  0 86,  which  dissolves  the  cyanate  and 
deposits  it  on  cooling.  Cyanate  of  potassa  is  also  formed  by  simply 
heating  finely  pulverized  ferrocyanide  of  potassium  to  redness  in  an  open 
iron  pan,  and  continually  stirring  so  as  to  expose  it  to  the  air;  it  absorbs 
oxygen,  and  when  it  begins  to  agglutinate  in  consequence  of  the  fusion 
of  the  cyanate,  it  is  powdered  and  digested  in  hot  spirit  of  wine  of  sp.  gr. 
0*86.  On  cooling  the  filtered  solution  it  deposits  crystals  of  cyanate  of 
potassa,  the  ferrocyanide  being  insoluble  in  alcohol.  Another  source  of 
this  salt,  discovered  by  Liebig,  consists  in  adding  melam,  ammeline,  or 
ammelide,  to  hydrate  of  potassa  fused  in  a silver  basin. 

Liebig  also  prepares  cyanate  of  potassa  by  throwing  powdered  litharge ' 
into  cyanide  of  potassium  fused  in  a Hessian  crucible ; the  oxide  is 
reduced,  and  the  lead  first  forms  a fine  powder  mixed  with  the  cyanate, 
but  fuses  into  a button  at  a higher  heat;  the  fluid  mass  is  poured  out, 
and  the  salt  powdered  and  boiled  with  alcohol,  from  which  it  may  be 
obtained  in  crystals.  For  the  preparation  of  arlijicial  urea  the  alcoholic 
purification  is  unnecessary. 

This  salt  is  decomposed  both  by  water  and  acids,  which  convert  the 
cyanic  acid  into  carbonic  acid  and  ammonia ; in  fact,  by  exposure  to  air 
it  exhales  ammonia,  and,  without  changing  form,  becomes  bicarbonate  of 
potassa.  It  crystallizes  in  small  plates  like  clilorate  of  potassa;  tastes 
like  saltpetre ; is  anhydrous ; and  in  close  vessels  excluded  from  air  and 
moisture,  may  be  fused  without  decomposition.  (Wohler.  Ann.  CJi. 
cl  Ph.^  XX.  353,  and  xxvii.  196.)  When  fused  with  potassium  it  yields 
a mixture  of  cyanide  of  potassium  and  potassa;  and  with  sulphur, ka 
mixture  of  sulphocyanide  of  potassium,  sulphuret  of  potassium,  and  sul- 
phate of  potassa.  When  triturated  with  oxalic  acid,  both  being  dry, 
oxalate  of  potassa  Is  formed,  and  the  evolved  cyanic  acid  passes  into  that 
form  of  cyanuric  acid  which  has  been  called  cyamelide  (p.  509.)  Cyanate 
of  potassa  consists  of 

Wohler. 

Potassa  1 ....  48  ....  58-5  ....  58*95 

Cyanic  acid I ....  84  ....  41*5  ....  40*05 

Cyanate  of  potassa 1 82  100*0  100*00 


Sulphocyanide  of  Potassium.  KC2NS2.  When  5 parts  of  dry  fer- 
rocyanide of  potassium,  5 of  sulphur,  and  1 of  carbonate  of  potassa,  are 
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well  mixecl  in  fine  poAvder  and  exposed  to  nearly  a red-lieat,  tlie  mixture 
fuses  and  takes  fire ; it  should  be  stirred  as  long  as  it  continues  to  burn 
and  kept  for  a feAv  minutes  in  fusion.  The  residue,  digested  in  hot 
water  and  filtered,  furnishes  a solution,  which,  evaporated  to  dryness,  affords 
siilphocijanide  of  potassium;  sulphuret  of  iron  remains  upon  the  filter. 
Sulphocyanide  of  potassium  may  be  formed  in  the  humid  Avay  by  boiling 
2 equivalents  of  finely  powdered  sulphur,  in  a solution  of  1 equivalent 
of  cyanide  of  potassium.  (Wiggers.)  The  sulphocyanide  may  be  puri- 
fied by  digestion  in  alcohol,  Avhich  dissolves  it  and  leaves  any  carbonate 
of  potassa  that  might  have  been  mixed  Avith  it.  The  alcoholic  solution 
Avhen  evaporated,  leaves  the  pure  salt,  Avhich,  redissolved  in  Awater,  and 
concentrated  by  evaporation,  yields  prismatic  crystals  Avhich  are  of  a 
cooling  bitter  taste,  deliquescent,  and  anhydrous,  being  in  form,  taste,  and 
fusibility,  very  analogous  to  nitre,  very  soluble  in  Avater,  and  produce 
during  solution  a considerable  degree  of  cold. 

In  close  vessels  this  salt  fuses,  and  concretes  on  cooling  into  an 
opaque  crystalline  mass;  heated  in  the  air  it  is  decomposed,  and  if 
moisture  be  present,  carbonate  of  ammonia  and  sulphuret  of  potassium 
are  formed.  It  is  a compound  of 


Berzelius. 


Potassium  

1 .... 

40  ., 

..  40-8 

....  40-33 

Sulphocyanogen 

1 .... 

58  .. 

..  59-2 

....  5967 

Sulphocyanide  of  potassium  .... 

1 

98 

100-0 

100-00 

Its  ultimate  constituents,  therefore,  are 

Potassium  

1 . 

...  40 

40 '8 

Sulphur  

2 . 

...  32  ... 

. 32-7 

Nitrogen 

1 . 

...  14  ... 

. 14-3 

Carbon 

o 

...  12 

. 12-2 

Sulphocyanide  of  potassium 

1 

98 

100-0 

Sulphocyanide  of  potassium  forms  a deep-red  solution  Avdien  added  to 
persalts  of  iron,  but  no  precipitate  : Avith  the  salts  of  suboxide  of  copper 
it  throAA^s  doAvn  Avhite  sulphocyanide  of  copper : it  forms  a yelloAV  preci- 
pitate Avith  acetate,  and  Avhite  Avith  subacetate  of  lead ; Avith  nitrate  of 
silver  it  gives  a AA'hite  curdy  precipitate  of  sulphocyanide  of  silver.  The 
other  sulphocyanides  are  mostly  soluble. 

When  solution  of  sulphocyanide  of  potassium  is  acted  upon  by  chlo- 
rine a yelloAV  poAvder  is  deposited,  insoluble  in  AAnter,  alcohol,  and  ether, 
but  soluble  in  sulphuric  acid,  from  Avhich  it  is  throAvn  doAvn  by  AAnter  : 
this  substance  has  already  been  adverted  to  as  siilphocyanogen^  but  its 
formula,  according  to  Parnell,  is  Cl2lI.‘iNGSl20 ; or,  regarded  as  a com- 
pound of  sulphocyanogen,  hydrosulphocyanic  acid,  and  AA^ater,  = 4 [[CyS2] 
,-f  2 [IICyS2]  -b  HO  : Avhen  heated  it  evolves  sulphur  and  bisulphuret 
of  carbon,  and  leaves  mellone  = C6*N4  or  Cy3,N. 


Mellonide  of  Potassium.  K,CoN4,  is  formed  by  heating  mellone 
Avith  potassium,  or  by  dissolving  it  in  concentrated  solution  of  potassa. 
It  may  also  be  obtained  by  the  mutual  action  of  4 atoms  of  sulphocyanide 
of  potassium  and  I of  chloride  of  antimony.  (Iakbig.  Chim.  Org.)  Ac- 
cording to  Gregory,  mellonide  of  potassium  is  best  obtained  by  fusing  at 
a loAv  red  heat  in  a coA^ered  iron  crucible,  dried  ferrocyanide  of  potas- 
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Slum  about  half  its  weight  of  sulphur,  and  adding  towards  the  end 
of  the  fusion  about  five  per  cent,  of  dried  carbonate  of  potassa ; tlie 
cooled  mass  is  then  boiled  Avith  water,  and  the  filtered  solution  concen- 
trated, till  on  cooling  it  forms  a semisolid  mass  of  minute  acicular  crys- 
tals, Avhich  are  purified  from  sulphocyanide  by  Avashing  Avith  alcohol,  in 
Avhicli  the  mellonide  is  insoluble.  Mellonide  of  potassium  may  also  be 
obtained  by  adding  mellone  to  fused  sulphocyanide  of  potassium,  Avhen  by 
the  decomposition  of  the  sulphocyanogen  an  additional  quantity  of  mel- 
lone is  formed.  In  the  first  process  a portion  of  mellone  is  also  formed 
by  the  action  of  heat  on  the  sulphocyanide  of  iron  produced  at  the  com- 
mencement of  the  fusion ; and  this  mellone  acts  as  in  the  second  process, 
on  the  sulphocyanide  of  potassium,  giving  rise  in  so  doing  to  an  addi- 
tional amount  of  mellone;  hence  the  advantage  of  adding  some  carbonate 
of  potassa,  to  prevent  any  loss  of  mellone.  Lastl}’,  mellonide  of  potassium 
may  be  prepared  by  adding  tAvo  parts  of  subsulphocyanide  of  copper,  to 
three  of  fused  sulphocyanide  of  potassium.  (Outlines,  p.  311.) 

Mellonide  of  potassium  forms  colorless  acicular  crystals,  Avhicli  are 
best  obtained  from  a boiling  solution  in  proof  spirit : they  are  insoluble 
in  alcohol,  taste  bitter,  and  contain  23'38  per  cent,  of  Avater,  the  Avhole 
of  Avhich  is  given  off  betAveen  250°  and  300°.  At  a higher  heat  the  salt 
fuses  and  concretes  on  cooling  into  a yelloAvish  opaque  crystalline  mass  : 
a red  heat  resolves  it  into  nitrogen,  cyanogen,  and  cyanide  of  potassium  : 
if  air  be  present,  cyanate  of  potassa,  and  a less  soluble  salt,  not  hitherto 
examined,  are  the  results.  It  consists  of 

Potassium 1 ....  40  ....  30*3 

Mellone  1 ....  92  ....  697 

Mellonide  of  potassium  1 132  lOO’O 

Cyanurate  of  Potassa.  There  are  tAvo  cyanurates  of  potassa,  re- 
presented by  the  formubie  2K0,II0,Cy303,  and  K0,2H0,Cy303.  The 
latter  salt  is  obtained  by  adding  to  a boiling  solution  of  cyanuric  acid  a 
quantity  of  potassa  insufficient  for  its  neutralization : it  precipitates  in 
difficultly  soluble  brilliant  Avhite  cubes.  When  acetic  or  nitric  acid  are 
gradually  added  to  a concentrated  aqueous  solution  of  cyanate  of  potassa, 
the  displaced  cyanic  acid  unites  to  the  undecomposed  cyanate,  so  as  to  form 
a cyanurate,  Avhich  thickens  the  liquid;  this  cyanurate,  Avhen  dissolved 
in  caustic  potassa,  and  precipitated  by  alcohol,  yields  the  first-mentioned 
salt  with  tAvo  atoms  of  fixed  base.  It  crystallizes  in  Avhite  needles:  its 
aqueous  solution  has  an  alkaline  reaction,  and  is  resolved  by  evaporation 
into  potassa  and  the  cyanurate  Avith  I atom  of  fixed  base.  (Liebig.) 

Seleniocyanide  of  Potassium.  K,NC2,Se2.  Berzelius  formed  tliis 
salt  by  heating  a mixture  of  ferrocyanide  of  potassium  and  selenium,  and 
Avashing  the  fused  mixture:  by  evaporation,  anhydrous  crystals  of  the 
seleniocyanide  were  obtained. 

Potassium  and  Boron.  AVhen  boracic  acid  is  reduced  bv  fusion  Avitli 

%! 

potassium,  a broAvn  mass  results,  Avhich  evolves  hydrogen  in  Avater;  pro- 
bably, hoAvever,  only  from  adhering  potassium. 

Borate  of  Potassa.  K0,B03.  When  I equivalent  of  anhydrous 
boracic  acid  is  fused  at  a Avhite  heat  with  I of  dry  carbonate  of  potassa,  a 
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compound  is  obtained  soluble  in  water,  from  wliicli  it  crystallizes  irregu- 
larly wlien  evaporated  to  the  consistence  of  syrup  in  vacuo  : in  the  air  it 
absorbs  carbonic  acid,  even  when  dry. 


Aifwedson. 

rotassa 1 ....  48  ....  57-83  ....  58-16 

L’oracic  acid  1 ....  35  ....  4-2-17  ....  41’84 


Borate  of  potassa 1 83  lOO'OO  100-00 


Biborate  op  Potassa.  K0,2B03.  By  adding  an  equivalent  of 
boracic  acid  to  a solution  of  the  preceding  salt,  and  evaporating,  rectan- 
gular prisms  are  formed,  very  fusible,  and  including,  according  to  Lau- 
rent, 27’8  pe?'  cent,  of  water.  This  salt  reddens  turmeric,  tastes  slightly 
alkaline,  and  fuses  into  a clear  glass.  It  is  easily  soluble  in  hot  and  cold 
water.  (Gmelin.) 


Laurent. 

Potassa  1 ....  48  ....  29  63  ....  28-5 

Boracic  acid  2 ....  70  ....  43-21  ....  43-7 

Water 5 ....  45  ....  27-16  ....  27-8 


Crystallized  biborate  of  potassa 1 162  100-00  lOO'O 

Sexborate  of  Potassa,  K0,6B03,  is  formed  by  adding  boracic  acid  to 
a solution  of  the  preceding  salt  till  alkaline  reaction  ceases:  it  crystallizes 
in  flat  rhombic  prisms,  brilliant,  and  mostly  liemitropic,  slightly  reddening 
litmus,  permanent  in  the  air,  and  sparingly  soluble  in  cold,  but  abun- 
dantly in  hot  water:  they  contain  25‘2  per  cent,  of  water.  (Laurent, 
Ann.  Ch.  et  Fh.^  Lxvii.  218.) 


Laurent. 

Potassa 1 ....  48  ....  13-79  ....  14-0 

Boracic  acid 6 ....  210  ....  60-31  ....  60-8 

Water  10  ....  90  ....  25-90  ....  25*2 


Crystallized  sexborate  of  potassa  1 348  lOO'OO  100  0 

Borofluoride  of  Potassium  is  obtained,  according  to  Berzelius,  by 
adding  fluoboric  acid  to  a solution  of  fluoride  of  potassium:  a gelatinous 
precipitate  falls,  which,  collected  upon  a filter,  becomes  opaque,  and 
feels,  whilst  moist,  like  powdered  starch.  When  dry,  it  has  a bitterish 
taste;  it  does  not  redden  litmus.  100  parts  of  cold  water  only  dissolve 
1*4  of  this  salt;  but  it  is  more  soluble  in  boiling  water,  and,  as  the  solu- 
tion cools,  it  deposits  it  in  small  anhydrous  crystals.  It  is  sparingly  soluble 
in  boiling  alcohol,  and  is  deposited  in  crystals  as  the  solution  cools.  It 
requires  a high  heat,  long  continued,  for  its  decomposition,  and  is  ulti- 
mately resolved  into  fluoboric  gas  and  fluoride  of  potassium.  (Berzelius.) 
It  consists  of 


Potassium 1 ....  40  ....  31-49'j  [Fluoride  of  potassium  1 ...  59  ....  46-45 

Boron  1 ....  11  ....  8-66>  = <! 

Fluorine  4 ....  70  59-85 J [ Terfluoride  of  boron  1 ....  68  ....  53-61 


Borofluoride  of  ) ^ 100-00  !.  1 127  100-00 

potassium  ...,) 

The  Salts  of  Potassium  are  upon  the  whole  readily  soluble  in  water, 
though  less  so  than  the  salts  of  ammonia.  They  produce  a precipitate  in 
solution  of  chloride  of  platinum.  They  are  not  changed  by  sulphuretted 
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hydrogen,  nor  by  ferrocyanide  of  potassium.  Added  to  sulphate  of 
alumina,  they  enable  it  to  crystallize,  so  as  to  form  alum.  The  solution 
of  potassa  (and  of  most  of  its  salts)  is  well  characterized  by  the  action 
of  tartaric  acid  and  of  fluosilicic  acid:  a strong  solution  of  tartaric  acid 
added  to  a strong  solution  of  potassa  or  of  a salt  of  potassa  causes  no  pre- 
cipitate till  the  point  of  neutralization  is  exceeded;  excess  of  the  acid 
then  produces  a crystalline  precipitate  of  hitartrale  of  potassa;  when  the 
solutions  are  dilute  the  precipitate  is  slowly  formed  and  the  crystals  more 
apparent,  but  the  effect  is  accelerated  by  stirring,  and  by  the  addition  of 
a little  alcohol;  the  precipitate  is  dissolved  by  the  addition  of  hydro- 
chloric, nitric,  sulphuric,  or  oxalic  acid,  hut  not  by  tartaric,  or  by  acetic 
acid.  Solutions  of  carbonated  and  caustic  potassa,  soda,  and  ammonia, 
dissolve  the  precipitate  with  ease,  but  the  addition  of  a small  quantity  of 
a strong  acid  reproduces  it,  and  it  is  again  dissolved  by  a greater  quantity 
of  the  same  acid.  Fluosilicic  acid  produces  a transparent  gelatinous  preci- 
pitate in  solutions  of  potassa  and  of  its  salts,  which  is  iridescent  when  it 
subsides,  and  dries  into  a white  powder:  free  hydrochloric  acid  renders  it 
opalescent.  Perchloric  acid,  added  to  solutions  of  potassa  and  its  salts, 
throws  down  a precipitate  difficultly  soluble  in  water,  and  insoluble  in 
alcohol;  an  alcoholic  solution  of  carbazotic  acid  produces  in  them  a yellow 
crystalline  precipitate.  The  neutral  soluble  salts  of  potassa  may  for  the 
most  part  be  heated  to  redness  without  suffering  decomposition,  especially 
if  air  be  excluded.  In  using  the  test  of  chloride  of  platinum  to  detect 
potassa  salts,  the  absence  of  ammoniacal  salts  must  be  previously  ascer- 
tained, as  they  generally  produce  analogous  effects  upon  that  re-agent:  or 
the  platinum  test  may  be  applied  after  the  salt  has  been  subjected  to  a 
red-heat,  by  which  the  salts  of  ammonia  will  have  been  decomposed  or 
evaporated.  When  chloride  of  platinum  is  used  in  quantitative  analysis, 
it  should  be  added  in  excess  to  the  potassa  solution,  together  with  a drop 
or  two  of  hydrochloric  acid,  and  the  mixture  evaporated  at  212®.  The 
residue  should  then  be  washed  with  a mixture  of  equal  parts  of  proof 
spirit  and  water,  which  removes  everything  except  the  potassiochloride  of 
platinum. 

When  heated  before  the  blowpipe,  potassa  salts  communicate  a purple 
or  violet  tinge  to  the  flame,  which  is  very  characteristic.  When  a plati- 
num wire  is  dipped  into  a solution  of  potassa  or  its  salts,  and  after 
having  been  dried  over  a spirit  lamp,  is  held  in  the  flame,  it  communi- 
cates its  peculiar  purple  tinge,  and  enables  us  to  distinguish  very  minute 
traces  of  the  alkali:  the  experiment  should  be  made  in  a dark  place,  so 
at  least  that  other  light  may  not  interfere;  and  the  alcohol  used  in  the 
lamp  should  be  pure. 


§ ILq  SODIUM.  Na.  24. 

Sodium,  (Natrium  of  the  German  chemists,)  discovered  by  Sir  H, 
Davy  in  1808,  was  first  obtained  by  the  electrolysis  of  caustic  soda,  and 
afterwards  by  the  action  of  iron  at  high  temperatures,  as  in  the  decom- 
position of  potassa:  in  this  case  the  decomposition  may  be  facilitated, 
according  to  Thenard,  by  fusing  the  soda  with  a small  proportion  of 
potassa;  so  that  an  alloy  of  sodium  and  potassium  distils  over,  which 
may  be  decomposed  by  keeping  it  in  an  open  vessel,  covered  with  oil  of 
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li  turpeiitine  or  Avitli  a film  of  naplitha;  the  potassium  becomes  oxidized, 

I and  the  sodium  remains  pure  and  metallic.  Sodium  is  now,  however, 
always  obtained  by  the  action  of  charcoal  at  high  temperatures,  and  the 
! same  arrangement  is  employed  as  described  with  respect  to  potassium: 

the  iron  bottle  is  charged  Avith  1 pound  of  anhydrous  and  iinely-pow- 
? dered  carbonate  of  soda,  intimately  mixed  Avith  4 ounces  of  finely-poAv- 
:i  dered,  and  8 ounces  of  coarsely  poAvdered  charcoal:  or  66  ounces  of  crys- 
! talllzed  carbonate  of  soda  and  6 ounces  of  finely-powdered  charcoal  are 
/j  Avell  stirred  and  fused  together,  and  heated  to  dryness  in  an  iron  pot,  and 
12  ounces  of  coarsely-poAvdered  charcoal  added.  (GmelIxX.)  As  sodium 
does  not  combine  AAuth  carbonic  oxide,  the  process  is  more  productive  than 
in  the  case  of  potassium.  “ Thus,  in  the  Laboratory  at  Giessen,  1 pound 
of  ealeined  acetate  of  soda  (carbonate  containing  a little  charcoal)  mixed 
( Avith  a quarter  of  a pound  of  finely-poAvdered  and  half  a pound  of  coarsely- 
poAvdered  charcoal,  and  heated  in  a malleable  iron  bottle,  yielded  nearly 
5 ounees  of  sodium ; even  then  it  Avas  obvious  that  the  result  Avas  capable 
of  considerable  improvement,  the  AAdiole  of  the  sodium  present  being  about 
7 ounces.  From  the  extreme  cheapness  of  carbonate  of  soda  and  the 
productiveness  of  the  operation,  sodium  can  be  prepared  far  cheaper  than 
potassium,  and  may  in  most  cases  be  substituted  for  that  metal,  as  its 
affinities  are  almost  equally  pOAverfuh  Should  this  metal  ever  be  required 
on  the  large  scale,  it  might  be  obtained  for  a price  little,  if  at  all,  higher 
than  that  of  zinc.”  (Gregory.) 

Sodium  is  soft,  malleable,  and  easily  sectile;  it  does  not,  like  potas- 
sium, become  brittle  at  .82°,  but  even  at  that  Ioav  temperature,  several 
globules  may  be  Avelded  together  by  pressure.  Its  specific  gravity,  accord- 
ing to  Davy,  is  0’9348;  according  to  Gay  Lussac  and  Thenard,  it  is 
0 972  at  59°.  In  color  it  resembles  silver,  but  instantly  tarnishes  on 
exposure  to  air.  It  softens  at  about  122°:  it  fuses  at  about  190°,  and  is 
volatile  at  a AAdilte  heat,  its  AGipor  being  colorless.  It  burns  Avith  a yelloAV 
flame  Avhen  heated  in  contact  Avith  air,  and  requires  the  same  cautions  to 
preseiwe  it  from  spontaneous  oxidizement  as  potassium. 

Sodium  and  Oxygen.  Protoxide  of  Sodium.  Soda.  NaO.  The 
affinity  of  sodium  for  oxygen  appears  to  he  someAA'hat  less  than  that  of 
potassium.  \Yhen  sodium  is  throAAm  upon  Avater,  it  produces  violent 
action,  but  the  metal  does  not  in  general  inflame,  unless  the  quantity 
of  AA^ater  be  very  small,  so  as  to  diminish  its  cooling  poAver;  it  inflames, 
for  instance,  if  a thin  slice  of  it  be  placed  upon  a piece  of  moistened  paper, 
or  if  kejAt  in  one  place  on  the  surface  of  AAmter:  it  also  inflames  on  ice. 
By  the  quantity  of  hydrogen  evolved  during  the  action  of  sodium  on 
Avater,  Ave  learn  that  soda  consists  of  about  74‘7  sodium,  and  25’3  oxygen 
per  cent. ; and,  if  it  be  considered  as  the  protoxide,  the  number  repre- 
senting the  cqumilent  thence  deduced  for  the  metal  Avill  be  23'62. 
Other  data  give  a number  a little  above  24.  I shall  therefore  retain  24 
as  representing  its  atomic  Aveight.  (23'3  Turner.  23‘2  Gmelin.) 

Gay  Lussac 

Davj'.  and  Thenard.  Berzelius. 

Sodium  ....  1 ....  24  ....  75  ....  74-G  ....  74-7  ....  74-54 

Oxygen....  1 ....  d ....  25  ....  25-4  ....  25-3  ....  25"6G 

Soda 1 32  100  1000  100*0  100-00 


606 


SODA. 


Anhydrous  soda  is  oLtained  in  tlie  same  ^vay  as  anliydrous  potassn, 
and  resembles  it  in  aj^pearance,  but  is  less  fusible  and  less  volatile. 

Peroxide  of  Sodium.  Sesquioxide  of  Sodium.  By  heating  sodium 
in  oxygen,  it  burns  vividl}^,  and  a yclloMisli-green  jjeroxide  is  formed, 
■which,  by  the  action  of  -water,  evolves  oxygen,  (as  is  the  case  with  perox- 
ide of  potassium,)  and  produces  a solution  of  the  protoxide.  Peroxide  of 
sodium  is  composed,  according  to  Davy,  of  2 atoms  of  sodium  and  3 of 
oxygen,  (Na20.3,)  but  according  to  IMillon  it  consists  of  1 of  sodium  and 
2 of  oxygen.  (Na02.)  Gmelin  thinks  that  the  peroxide,  when  obtained 
pure,  Avill  probably  be  NaOs,  corresponding  -with  the  peroxide  of 
potassium. 

SuEoxiDE  OF  Sodium  is  obtained  as  the  suboxide  of  potassium;  it 
is  grey,  brittle,  without  lustre,  and  very  inflammable.  (Davy.  Gay 
Lussac  and  Tiienard.) 

Hydrate  of  Soda.  Caustic  Soda,  NaO,HO,  as  It  usually  occurs  in 
the  laboratories,  is  obtained  from  the  carbonate^  by  the  action  of  lime,  as 
described  under  the  head  Potassa.  2 parts  of  quick-lime  to  3 of  anhy- 
drous carbonate,  and  to  10  or  12  of  crystallized  carbonate,  is  the  quantity 
usually  employed ; this  carbonate  is  more  readily  deprived  of  its  carbonic 
acid  than  that  of  potassa,  and  being  easily  obtained  in  pure  crystals,  the 
solution  of  caustic  soda  is  usually  more  pure  than  that  of  potassa,  so  that 
when  boiled  down  Avitli  due  precautions  it  affords  a purer  hydrate. 

Hydrate  of  soda  is  -white,  opaque,  brittle,  and  somewhat  fibrous  in  its 
fracture;  it  is  deliquescent;  its  sp.  gr.  is  2*0  (Dalton);  it  requires  a red 
heat  for  fusion;  and  when  intensely  heated  upon  charcoal,  as  by  the 
oxygen  or  oxyhydrogen  blowpipe,  it  evaporates  and  tinges  the  flame 
yellow.  It  has  the  same  general  characters  as  hydrate  of  potassa:  like  it, 
it  retains  water  at  a red  heat,  and  is  deprived  of  it  by  the  same  means. 
It  Is  very  soluble  in  water  and  alcohol,  and  consists  of 


Davy. 

Soda 1 ....  32  ....  78-1  ....  77-1 

Water  1 ....  V ....  21*9  ....  22-9 


Hydrate  of  soda  1 41  lOO'O  lOO’O 


Like  potassa,  it  may  be  obtained  in  crystals  from  its  concentrated  aqueous 
solution,  containing  a larger  relative  quantity  of  water. 

The  following  table  by  Dalton  shows  the  proportion  of  anhydrous  soda 
in  solutions  of  different  specific  gravities: 


Specific  gravi 

ty  Dry  Soda  per  cent. 

Roiling- 

Specific  gravi 

ty  Di-y  Soda  per  cent. 

Roiling- 

of  solution. 

by  weight. 

point. 

of  solution. 

by  weight. 

point. 

1-85 

G3-G  

G00° 

1*3G 

2G-0  

235° 

1-72 

53*8  

400 

1*32 

23*0  

228 

1-63 

4GG  

300 

1*29 

19*0  

224 

1-5G 

41*2  

280 

1-23 

lG-0  

230 

1 50 

3G*8  

2G5 

1*18 

130  

217 

1-47 

34*0  

255 

1*12 

9*0  

214 

1-44 

31-0  

248 

1-OG 

4*7  

213 

1*40 

29-0  

242 

Hydrated  soda  is  distinguished  from  hydrated  potassa,  by  forming  an 
efflorescent  paste  -when  exposed  to  the  atmosphere:  potassa,  under  the 
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rl  same  circumstances,  deliquesces.  If  excess  of  tartaric  acid  be  added  to  a 
i solution  of  soda,  tliere  is  no  precipitation;  but  in  solution  of  potassa  it 
.]  occasions  a crystalline  deposit  of  a number  of  minute  crystals.  Solution 

!of  soda  occasions  no  precipitate  when  added  to  solution  of  chloride  of 
platinum,  but  solution  of  potassa  occasions  a yellow  precipitate.  In  com- 
bination with  acids  it  produces  a perfectly  distinct  class  of  salts,  well 
i(  marked  by  their  forms,  ready  solubility,  and  atomic  relation  to  water.  A 
^ solution  of  I part  of  antimoniate  of  potassa  in  100  of  water  is  recom- 
f.  mended  by  'Wachenroder,  as  a good  precipitant  of  soda  salts.  {Chem. 
'r  Gas..,  November,  1813.)  Its  affinity  for  the  acids  is  a little  inferior  to 
j"  that  of  potassa. 

Chloride  of  Sodium.  Sea  Salt.  Muriate  of  Soda.  NaCl.  So- 
dium when  heated  in  chlorine  burns  vividly,  and  produces  this  compound. 
It  consists  of 

Ure.  Longcliamp. 

Sodium 1 24  ....  40  ....  39-00  ....  30707 

Clilorine  1 ....  30  ....  00  ....  00-02  ....  00*233 

Chloride  of  sodium  1 00  100  100*00  100*000 

Chloride  of  sodium  is  decomposed  when  heated  with  potassium : sodium 
and  chloride  of  potassium  are  the  results.  (Davy.) 

I Mhen  hydrate  of  soda  is  heated  in  chlorine,  oxygen  and  water  are 

1 evolved,  and  chloride  of  sodium  formed;  when  heated  in  hydrochloric  acid 
gas,  the  water  of  the  hydrate  is  first  expelled,  and  then  the  oxygen  of  the 
soda  combines  with  the  hj'drogen  of  the  hydrochloric  acid  to  form  water, 

! and  the  sodium  and  chlorine  unite  to  form  the  chloride. 

Common  salt  exists  abundantly  in  nature  both  as  a solid  fossil  (sal 
gemme).,  and  in  the  ocean.  (See  Magnesia.,  in  reference  to  the  composition 
of  sea  water.)  Small  quantities  of  salt  are  also  found  in  nearly  all  spring 
and  river  'water.  Extensive  beds  of  it  are  found  in  Cheshire,  'where  it  is 
known  under  the  name  of  rock-salt.  From  these  sources  the  immense 
demands  are  supplied;  that  is,  either  by  evaporating  brine-springs,  or 
sea-water,  or  quarrying  it  from  the  mine. 

AVhen  heated,  chloride  of  sodium  falls  into  pieces  with  a crackling 
noise,  or  decrepitates.  At  a red-heat  it  fuses  without  undergoing  any 
decomposition,  and  on  cooling  concretes  into  a hard  white  mass ; at  a 
bright-red  heat  it  sublimes  in  the  air,  and  tinges  flame  of  a blue  color. 
It  is  nearly  or  quite  insoluble  in  absolute  alcohol,  but  dissolves  in  minute 
quantities  in  rectified,  and  in  larger  quantities  in  proof  spirit.  In  the 
solubility  of  common  salt  in  water  there  is  this  peculiarity,  that  it  is  taken 
up  nearly  in  the  same  proportion  by  cold  and  by  hot  water;  so  that, 
although  its  solution  deposits  crystals  during  evaporation,  it  does  not  do 
so  by  cooling.  According  to  Gay  Lussac,  100  parts  of  water  at  58°  dis- 
solve 3G  of  salt;  at  140°,  .37  parts;  and  at  225°,  which  is  the  boiling-point 
of  a saturated  solution,  100  parts  of  water  dissolve  40*38.  At  32°  water 
dissolves  rather  more  than  at  00°.  But  according  to  Fuchs,  pure  chlo- 
ride of  sodium  is  equally  soluble  at  ail  temperatures,  100  of  water  dis- 
solving 37  of  salt;  or  1 of  salt  to  2*7  of  water;  such  a solution  corres- 
ponding to  1 atom  of  salt  = 00,  + 18  atoms  of  water  z=r  102.  The  ice 
which  forms  at  low  temperatures  in  salt  water  is  itself  free  from  salt. 
Concentrated  hydrochloric  acid  precipitates  chloride  of  sodium  from  its 
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concentrated  aqueous  solution.  When  pure,  chloride  of  sodium  does  not 
alter  by  exposure  to  air,  though  it  is  generally  more  or  less  deliquescent, 
from  containing  chlorides  of  magnesium  and  of  calcium  ; obtained  by  slow 
or  spontaneous  evaporation,  it  crystallizes  in  solid  cubes;  but  when  pro- 
cured, as  is  usually  the  case,  at  a boiling  heat,  by  removing  its  crystals 
from  the  surface  of  its  solution  whilst  evaporating,  it  exhibits  the  form  of 
a hollow  quadrilateral  pyramid.  The  crystals  are  anhydrous,  though  they 
often  include  a little  interstitial  water.  Their  specific  gravity  is  2T25. 
(2*557  Mohs.)  A concise  account  of  the  different  methods  of  manufac- 
turing salt  will  be  found  in  Aikin’s  Dictionary^  Art.  Muriate  of  Soda. 
See  also  Dumas,  Chim.  app.  aiix  Arts,  ii.  449,  and  Ure,  Diet,  of  Arts 
and  Manuf.  Dr.  Henry  states  {Phil.  Trans..,  1810)  that  the  various 
forms  under  which  salt  is  knoAvn  in  commerce,  such  as  hay-salt.,  fishery- 
salt,  &€.,  arise  from  modifications  in  the  size  and  hardness  of  the  grain, 
and  not  from  any  essential  difference  of  composition.  The  following 
table  includes  his  general  results : 


1000  Parts  by  Weight  consist  of 
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St.  Ube’s  

9 .. 

..trace.. 

. 3 .. 

..  3 .. 

..  23i 

41 

..  ^2'*' 

. 28  ... 

40  .. 

..  960 

St.  Martin’s  

12  .. 

..  do.  ... 

. ^ .. 

..  Og.. 

. 19  . 

..  6 ... 

.25  ... 

401  .. 

..  9591 

Oleron  

10  .. 

..  do.  ... 

. 2 .. 

. 2 ... 

. 19|. 

..  **2  • • • 

. 23|... 

35|  .. 

..  9641 

Scotch  (common) 

4 . 

...  — .. 

. 28  .. 

..  28  .. 

..  15  . 

...17|.. 

. 321... 

641  .. 

..  9351 

Scotch  (Sunday) .... 

1 . 

...  — .. 

. lU  .. 

..  lU.. 

. 12  . 

...  41.. 

.161... 

29  .. 

..  971 

Lymington  (com.) 

2 . 

...  — ... 

. 11  .. 

..  11  ., 

..  15  . 

...35  .. 

. 50  ... 

63  .. 

.,  937 

Ditto  (cat)  

1 . 

...  — ... 

. 5 .. 

..  5 .. 

. 1 . 

..  5 .. 

. 6 ... 

12  .. 

..  988 

Crushed  rock 

10  . 

..o-A  ... 

. OY,.. 

..  0-y. 

. 61. 

..  — .. 

. 6^.. 

161  .. 

..  9831 

Fishery  

1 . 

...o*i  ... 

.0-1  .. 

..  1 .. 

. 111. 

..  — .. 

.111... 

131  .. 

986 

Common 

1 . 

...o*i  ... 

.0-1  .. 

. 1 .. 

. 141. 

..  — ., 

.141... 

161  .. 

..  9831 

Stoved  

1 . 

...o-i  ... 

.0-1  .. 

..  1 .. 

. 151. 

..  — ,. 

.15i.. 

171  .. 

.,  9821 

According  to  Fuchs  and  Mitscherlich  hydrated  crystals  of  salt  con- 
taining 6 and  4 atoms  of  water  are  formed  when  a saturated  solution 
is  exposed  to  a low  temperature  (between  14^^  and  5°).  At  temperatures 
above  14°  they  are  resolved  into  small  cubes  and  give  off  water.  (Frank- 
ENiiETM,  Poggend.  xxxvii.  638.) 

Chloride  of  sodium  is  decomposed  by  moist  carbonate  of  ammonia  : 
bicarbonate  of  soda,  sal-ammoniac,  and  free  ammonia  are  formed;  with 
moist  carbonate  of  potassa,  it  yields  chloride  of  potassium  and  carbonate 
of  soda.  In  the  process  for  obtaining  hydrochloric  acid  it  is  decomposed 
by  sulphuric  acid.  In  this  decomposition,  the  oxygen  of  the  water  of  the 
sulphuric  acid  is  transferred  to  the  sodium  of  the  salt,  the  chlorine  of 
which  combines  with  the  hydrogen  of  the  water  to  produce  hydrochloric 
acid  gas.  The  oxide  of  sodium  unites  with  the  dry  sulphuric  acid  to 
produce  sulphate  of  soda.  NaCl  + SOsHO  NaO,S03,  HCl.  (See 
Stdphate  of  Soda).  Chloride  of  sodium  is  also  decomposed  by  nitric 
acid ; effervescence  ensues,  chlorine  tinged  with  nitrous  acid  is  evolved, 
and,  provided  a sufficiency  of  nitric  acid  has  been  used,  jiure  nitrate  of 
soda  remains  on  evaporation  to  dryness.  When  chloride  of  sodium  is 
triturated  with  crystallized  oxalic  acid  and  heated,  it  is  also  decomposed, 
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<1  liyclrocliloric  acid  is  evolved,  and  oxalate  of  soda  formed,  so  tliat  ulien 
the  residue  is  heated  to  redness,  carbonate  of  soda  remains.  When 
t chloride  of  sodium  and  ferruginous  clay  are  heated  together,  the  silica 
i and  alumina  of  the  clay  are  vitrified  by  the  soda  of  the  salt,  and  its 
: chlorine  combines  with  the  iron;  it  is  upon  this  principle  that  it  is  used  as 
^ a glaze  for  stone-ware;  being  thrown  into  the  furnaces  or  ovens  in  which 
j the  articles  are  baked,  it  is  volatilized,  and  decomposed  upon  their 
5 surfaces. 

Common  salt  is  of  most  extensive  use  as  a preservative  of  food,  and 
] as  a condiment,  as  a source  of  soda  and  of  hydrochloric  acid  and  chlorine, 
J and  for  various  agricultural  and  horticultural  purposes. 

, Journal^  x.  52.)  Glauber  first  obtained  hydrochloric  acid  from  it,  and 
the  existence  of  soda  in  it  was  first  shown  by  Duhamel.  Davy  first 
► demonstrated  its  true  constitution. 

Chloride  of  Soda.  Chlorite  of  Soda.  Hypochlorite  of  Soda. 
These  names  have  been  applied  to  a compound  formed  by  passing  chlorine 
into  a cold  and  dilute  solution  of  caustic  soda,  or  by  decomposing  chloride 
of  lime  by  carbonate  of  soda  (as  suggested  by  Payen,  Quart.  Journ.^  N.S., 
i.  236).  It  is  powerfully  bleaching  and  smells  of  chlorine  : exposed  to 
air  it  absorbs  carbonic  acid  and  evolves  chlorine,  hence  it  may  be  used  as 
a disinfectant.  When  heated,  it  undergoes  changes  similar  to  those 
produced  by  passing  chlorine  into  a strong  solution  of  soda,  that  is, 
chlorate  of  soda  and  chloride  of  sodium  are  formed.  A formula  in  which 
chlorine  is  passed  into  a solution  of  carbonate  of  soda  is  given  in  the 
Pharmacopoeia  (^Liquor  sodce  chlorinaioe) ; it  is  more  stable  than  the 
corresponding  potassa  compound,  and  therefore  preferred  for  medical  use 
as  a disinfectant.  It  contains  chlorite  of  soda,  chloride  of  sodium,  bicar- 
bonate of  soda,  and  carbonate  of  soda.  (Dumas.) 

Laharraque’s  disinfecting  liquid^  which  is  essentially  a hypochlorite,  is 
made  by  passing  chlorine  into  a solution  of  carbonate  of  soda.  (See 
Carbonate  of  Soda,  and  Hypochlorite  of  Potassa.) 

Chlorate  of  Soda,  Na0,C105,  or  Na,C10c,  Avas  procured  by  Che- 
nevix,  (^Pliil.  Trans.,  1802,)  by  the  same  process  as  chlorate  of  potassa, 
but  not  possessing  less  solubility  than  chloride  of  sodium  the  two  sub- 
stances are  difficultly  separable.  Vauquelin  obtained  it  by  saturating 
chloric  acid  Avith  soda.  It  is  also  formed  by  mixing  strong  solutions  of 
bitartrate  of  soda  and  chlorate  of  potassa,  AA’hen  bitartrate  of  potassa  pre- 
cipitates, and  chlorate  of  soda  remains  in  solution,  and  may  be  obtained 
by  evaporation,  and  purified  by  a second  solution  and  crystallization.  Its 
crystals  are  tetrahedral ; its  taste  cooling  and  saline.  It  dissolves  in  three 
parts  of  cold  AA^ater,  and  in  someAvhat  less  at  212°.  It  is  more  soluble  in 
hydrated  alcohol  than  chloride  of  sodium;  hence  that  solvent  is  some- 
times used  to  separate  the  tAVO  compounds.  It  is  slightly  deliquescent  in 
very  damp  Aveather.  It  melts  Avhen  heated,  evolving  oxygen,  and  a 
little  chlorine,  the  residue  being  slightly  alkaline.  (Gmelin.)  The 
crystals  arc  anhydrous,  and  consist  of 

Soda  1 ....  .‘^2  ....  20-05 

Chloric  acid  1 ....  70  ....  70-35 


Chlorate  of  soda 


1 


108 


100-00 
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Perchlorate  of  Soda,  Na0,C107,  or  Na,C108,  is  obtained  by  satura- 
ting soda  'vvith  perchloric  acid ; it  forms  lamellar  rhomboidal  crystals,  easily 
decomposed  by  beat  but  not  by  hydrochloric  acid : they  are  deliquescent 
and  soluble  in  alcohol.  (Penny.  Serullas,  A?ih.  Ch.  el  Ph.  xLvi.  297-) 

Iodide  of  Sodium.  Nal.  Iodine  and  sodium  act  upon  each  other 
•with  the  same  phenomena  as  in  the  case  of  potassium.  Iodide  of  sodium 
may  also  be  formed  by  adding  iodine  to  a solution  of  caustic  soda  and 
evaporating  to  dryness,  and  fusing  the  residue.  It  is  contained  in  the 
mother-liquor  of  kelp,  in  the  ashes  of  burned  sponge,  &c.,  and  in  those 
cases  is  resorted  to  as  a source  of  iodine,  and  is  decomposed  by  sulphuric 
acid  and  oxide  of  manganese  (p.  286).  When  hydriodic  acid  is  saturated 
with  soda  or  carbonate  of  soda,  and  evaporated  at  a temperature  between 
105°  and  120°,  it  affords  anhydrous  cubic  crystals,  resembling  those  of 
common  salt.  Iodide  of  sodium  is  less  fusible  than  iodide  of  potassium  : 
when  intensely  heated  it  becomes  slightly  alkaline,  and  is  volatilized. 
100  parts  of  water  at  60°  dissolve  173  of  this  iodide.  It  is  also  soluble 
in  alcohol.  It  consists  of 

Sodium 1 ....  24  ....  IG 

Iodine  1 ....  126  ....  84 

Iodide  of  sodium  1 150  100 

Large  oblique  rhombic  prisms  of  hydraied  iodide  of  sodium  are  depo- 
sited during  the  spontaneous  evaporation  of  the  aqueous  solution  of  the 
iodide  at  common  temperatures  : they  fuse  when  gently  heated,  and 
deliquesce  in  damp,  but  effervesce  in  dry  air:  they  are  soluble  in  0*6  of 
water,  and  in  hydrated  alcohol.  Their  formula  is  NaI,4IIO.  (Mitsciier- 
Licii,  Poggend.,  xvii.  385.) 

Iodite  of  Soda?  Iodine  dissolved  in  weak  solution  of  soda  or  carbo- 
nate of  soda  till  it  becomes  brown,  and  exposed  to  spontaneous  evapora- 
tion, deposits  six-sided  prismatic  crystals  of  a pungent  saline  taste,  neutral, 
and  efflorescent.  They  are  resolved  by  a little  hot  water  or  cold  alcohol 
into  iodide  of  sodium  and  iodate  of  soda,  but  are  dissolved  by  cold  water 
without  decomposition.  (Mitsciierlicii.  Penny.)  Their  formula  is 
either  NaO,IO2,]0ITO,  or  NaI,NaO,IO5,20HO  (Mitsciierlich)  ; or 
3NaI,2[Na0,I05j  -f  38110.  (Penny.) 

Iodate  of  Soda,  NaO,I05,  may  be  formed  in  the  same  way  as  iodate 
of  potassa.  Liebig  obtains  it  as  follows  : Chlorine  is  passed  through  a 
mixture  of  1 part  of  iodine  and  10  of  water  till  the  iodine  is  dissolved: 
carbonate  of  soda  is  then  added  till  the  iodine  is  precipitated  so  as  to 
render  the  liquor  colorless,  and  this  iodine  is  again  dissolved  by  chlorine 
as  before  : the  whole  is  then  evaporated  to  about  one-tenth  its  original 
bulk,  and  half  its  volume  of  alcohol  added ; this  throws  down  iodate  of 
soda  which  is  to  he  washed  Avith  alcohol.  {Poggend.,  xxiv.  362.  Serul- 
las, A7191.  Ch.  el  Ph..,  xLiii.  125  ; xlv.  59.)  The  aqueous  solution  of  this 
salt  yields  crystals  of  varying  composition  dependent  upon  the  mode  of 
evaporation.  (Rammelsberg,  Poggend..,  XLiv.)  A Avarm  saturated  solu- 
tion deposits  crystals  Avhen  slowly  cooled  to  40°  in  the  form  of  silky 
needles  containing  2 atoms  (8*36  per  cent.)  of  AA^ater,  Avhich  they  lose  at 
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i|  .‘102'^.  Spontaneously  evaporated  at  temperatures  below  40^  tlie  crystals 
I are  eight-sided  prisms  containing  10  atoms  of  water  (SF.'Id  cent.')  but 
: these  are  not  permanent  at  temperatures  above  40°,  for  they  then  become 
!l  opaque  and  are  an  aggregate  of  the  crystals  with  2 atoms  of  water;  the}'- 
j also  undergo  the  same  loss  of  water  in  the  air.  A warm  dilute  solution 
:(  of  the  iodate  deposits  on  cooling  four-sided  prisms,  with  0 atoms  of  water 
: (21-5  per  cent.  Penny).  Millon  has  described  other  modifications  of 
these  hydrates  (Berzelius,  I.ehrhuch)^  according  to  whom  they  are  all 
resolved  into  the  bihydrated  variety  by  drying  in  vacuo  over  sulphuric 
i acid.  The  anhydrous  salt  fuses  when  heated,  and  evolves,  even  below 
: redness,  24*45  per  cent,  of  oxygen,  with  a little  iodine,  and  leaves  iodide 
< of  sodium  and  a little  soda : it  deflagrates  on  glowing  charcoal,  and  deto- 
cj  nates  slightly  when  mixed  with  sulphur  and  struck  by  a hammer.  (Gay 
1 Lussac.) 

Rammelsberg  has  described  a crystallizable  compound  of  iodate  of 
t soda  and  chloride  of  sodium  =::Na0,I05  -f-NaCl  -j-IOIIO.  (Berzelius.) 

Periodate  of  Soda.  Na0,I07.  When  chlorine  is  passed  through 
i a warm  solution  of  caustic  soda  and  iodate  of  soda  till  saturated,  crystals 
i are  deposited  on  cooling  of  a basic  salt  — 2NaO, 107, 3110.  By  intense 
; ignition  they  evolve  oxygen  and  leave  a mixture  of  I atom  of  soda  with 
i I of  iodide  of  sodium.  This  salt,  dissolved  in  periodic  acid,  yields,  on 
i evaporation,  permanent  colorless  anhydrous  crystals,  easily  soluble  in 
I water,  of  the  neutral  periodate  = Na0,I07.  (Magnus  and  Ammer- 
i MULLER,  Poggend.^  xxviii.) 

Bromide  of  S'odiu:m.  NaBr.  Sodium  and  bromine  act  upon  each 
: other  with  much  intensity;  the  result  is  a fusible  compound,  soluble  in 
j water  and  in  alcohol,  and  crystallizing  at  86°  in  anhydrous  cubes,  but 
I at  lower  temperatures  in  hexagonal  tables,  containing  26*37  cent,  of 
j water.  Tiie  taste  of  this  salt  is  rather  alkaline  than  saline.  The  anhy- 
\ drons  hroniide  consists  of 

Sodium  1 ....  24  ....  2.3*53 

Bromine 1 ....  73  ....  73*47 

Bromide  of  sodium  1 102  100*00 

And  the  hexagonal  hydrate  of 

Mitselicrlich. 

Anhydrous  bromide  1 ....  102  ....  73*91  ....  73*03 

■\Vater 4 ....  30  ....  20*09  ....  20*37 

1 138  100*00  100*00 

Bromide  of  sodium  may  also  be  obtained  by  saturating  hydrobromic 
acid  with  soda  and  boiling  to  dryness;  or  by  the  double  decomposition 
of  solutions  of  bromide  of  iron  and  carbonate  of  soda,  boiling,  filtering,  and 
evaporating. 

Bromate  of  Soda.  NaO,Br05.  Prepared  by  saturating  a solution 
of  soda  with  bromine,  and  evaporating,  by  which  the  bromate  separates 
and  tlie  bromide  of  potassium  remains  in  solution  : the  first  crystals  may 
be  redissolved  and  recrystallized.  This  salt  (at  temperatures  above  40°) 
forms  small  brilliant  anhydrous  crystals,  isomorphous  with  those  of  bro- 
VoL.  II.  ^ 2 S 
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mate  of  potassa  and  of  chlorate  of  soda,  and  soluble  in  2*7  of  water  at 
60°.  When  heated  they  fuse,  give  out  oxygen,  and  leave  bromide  of 
sodium:  they  deflagrate  on  glowing  charcoal,  and  detonate  when  mixed 
with  sulphur  and  struck  with  a hammer.  When  the  solution  of  this  salt 
is  crystallized  at  temperatures  below  40°,  it  forms  acicular  four -sided 
prisms,  which  are  efflorescent.  (Rammelsberg,  Fogge7id.,  Lii.  85.  Mits- 
CHERLICH.  Lowig,  Mag.  de?'  Pharm.^  xxxiii.  6.) 


Fluoride  of  Sodium,  NaF,  is  obtained  by  saturating  hydrofluoric 
acid  with  soda,  and  evaporating  to  dryness;  a white  and  difficultly  fusible 
compound  results,  the  aqueous  solution  of  which,  when  pure,  furnishes 
cubical  crystals,  and  acts  upon  glass.  100  parts  of  water  dissolve  4 of 
this  fluoride,  and  it  is  not  more  soluble  in  hot  than  in  cold  water.  It 
may  also  be  obtained  by  mixing  10  parts  of  silicofluoride  of  sodium  with 
11'2  of  dry  carbonate  of  soda  and  sufficient  water  to  form  a thin  paste, 
which,  when  boiled,  evolves  carbonic  acid,  and  concretes.  When  cold,  it 
must  be  powdered  and  boiled  with  more  water  as  long  as  it  effervesces ; 
then  filtered  and  evaporated  (in  silver,  as  it  acts  on  glass,)  till  it  crystal- 
lizes ; the  crystals  must  be  redissolved  and  again  formed,  in  order  to 
separate  adhering  silica.  During  the  formation  of  the  crystals  by  slow 
evaporation,  they  exhibit  the  same  luminous  appearance  as  sulphate  of 
potassa.  (pp.  122  and  586.)  When  they  retain  any  carbonate  of  soda, 
they  are  octohedral,  but  when  pure,  always  cubic.  They  are  insoluble  in 
alcohol.  (Berzelius,  Poggend.,  i.  13.)  Fluoride  of  sodium  consists  of 

Sodium  1 ....  24  ....  57*1 

Fluorine  1 ....  18  ....  42*9 

Fluoride  of  sodium 1 42  100*0 

Berzelius  obtained  a crystallizable  compound  of  hydrofluoric  acid  and 
fluoride  of  sodium  r=:NaF,HF,  by  leaving  a solution  of  the  fluoride  in  the 
acid  to  spontaneous  evaporation:  it  forms  small  anhydrous  rhombs,  which, 
when  heated,  give  off  anhydrous  fluoric  acid,  and  leave  68  per  ce)it.  of 
fluoride  of  sodium. 

Hyponitrite  of  Soda,  NaO,N03,  is  obtained  by  heating  nitrate  of 
soda  up  to  a certain  point,  dissolving  in  water,  and  crystallizing ; nitrate 
of  soda  first  separates,  and  afterwards  hyponitrite.  (See  Hyponitrite  of 
Potassa.) 


Nitrate  of  Soda.  NaO,N05.  The  cubic  nitre  of  old  writers.  This 
salt,  which  may  be  obtained  by  neutralizing  carbonate  of  soda  by  dilute 
nitric  acid,  crystallizes  in  rhomboids  (Brooke,  Ann.  Phil..^  2nd  series, 
V.  452),  soluble  in  3 parts  of  water  at  60°,  in  its  own  weight  at  123°,  and 
in  less  than  its  weight  at  212°.  (Dumas.)  Berzelius  says  that  one  part 
dissolves  in  two  of  water  at  60°,  and  Gay  Lussac  (Cours  de  Chiniie^  Paris, 
1828)  asserts  that  100  parts  of  water  at  32°  dissolve  73  parts;  and  at 
212°,  173  parts.  Its  solubility,  as  given  upon  the  authority  of  Marx 
(Thomson’s  System,  ii.  448),  is  as  follows : 100  of  w^ater  at  32°  dissolve 
80,  at  50°  22'7,  at  61°  55,  and  at  246°  218*5.  So  that,  according  to  this 
account,  its  solubility  at  32°  is  more  than  three  times  greater  than  at  50°. 
It  has  a cool  sharp  flavor,  and  is  somewhat  deliquescent  in  damp  air, 
and  therefore  unfit  for  the  manufacture  of  gunpowder.  Berzelius  found 
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a mixture  of  5 nitrate  of  soda,  1 cliarcoal,  and  1 sulphur,  to  burn  three 
times  more  slowly  than  a similar  mixture  with  nitrate  of  potassa : its 
flame  is  yellow.  Nitrate  of  soda  is  often  found  in  crude  nitre,  resulting 
partly,  perhaps,  from  the  decomposition  of  common  salt.  Large  c[uanti- 
ties  of  native  nitrate  of  soda  have  been  discovered  in  Peru,  forming  a 
stratum  covered  with  clay  and  alluvium  of  many  miles  in  extent,  and  it 
is  now  a considerable  article  of  trade.  It  may  he  employed  in  fire-works, 
and  used  as  a substitute  for  nitre  (it  being  cheaper)  in  the  manufacture 
of  nitric  acid,  of  sulphuric  acid,  and  in  other  cases  in  which  nitre  is  con- 
sumed. It  is  too  expensive  as  a source  of  soda.  It  is  frequently 
emplo3^ed  as  a manure  {Journ.  Agiic.  Soc.^  1840-41),  hut  with  doubtful 
advantage,  so  far  at  least  as  regards  wheat.  Nitrate  of  soda  is  anhydrous, 


and  consists  of  • 

Wenzel.  Longchamp. 

Soda  1 ....  32  ....  37-2  ....  37*5  ....  3G-75 

Nitric  acid  1 ....  54  ....  62-8  ....  62-5  ....  63-25 


Nitrate  of  soda 1 86  100-0  100*0  100-00 


SoDiUxM  AND  Ammonia.  Sodiamide.  NaNH2.  When  sodium  is 
heated  in  ammoniacal  gas,  hydrogen  is  disengaged,  and  an  olive-colored 
fusible  substance  formed,  composed  apparently  of  sodium  and  amidogen. 
(Gay  Lussac  and  Tiienard,  Recherches^  i.  345.  Davy,  Phil.  Trans. 
1810,  p.  24.  See  Potassiamide.,  p.  581.) 


Sodium  and  Sulphur.  The  account  of  the  action  of  sulphur  on 
potassium  and  potassa,  and  of  sulphuretted  hydrogen  upon  solution  of 
potassa,  applies  generally  to  sodium  and  soda,  and  their  corresponding 
compounds.  Sodium  and  sulphur  combine  when  gently  heated,  with  vivid 
ignition,  and  form  a sulphuret  of  sodiiin^  NaS.  And  the  same  compound 
may  be  obtained  by  the  decomposition  of  sulphate  of  soda  at  a red  heat 
by  hydrogen,  or  by  charcoal.  Dry  sulphuretted  hydrogen  is  abundantly 
absorbed  by  coarsely  powdered  caustic  soda,  with  elevation  of  tempera- 
ture and  evolution  of  water.  Sulphuret  of  sodium  is  composed  of 

Sodium  1 ....  24  ....  60 

Sulplmr  1 ....  16  ....  40 


1 40  100 

When  this  sulphuret  is  dissolved  in  water,  or  when  solution  of  soda 
is  half  saturated  by  sulphuretted  hydrogen,  a colorless  liquor  is  obtained, 
which,  evaporated  and  cooled  out  of  contact  of  air,  gives  colorless  octo- 
hedral  (rectangular  prismatic)  crystals  of  an  hepatic,  alkaline,  and  bitter 
taste.  When  heated  in  a retort  they  give  otf  water  and  leave  sulphuret 
of  sodium ; in  the  air  they  absorb  moisture  and  gradually  form  sulphate 
of  soda : they  are  very  soluble  in  w^ater,  and  less  so  in  alcohol.  They 
consist  of 

Kirclier. 

Sodium 1.. ..24. ...19-83. ..,19-301  [Soda  1... .32.. ..13-22 

Sulphur  1 ....  1 6. ...  1 3-22 ....  1 3-85  I Sulphuretted  hydrogen  1 ....  1 7 ... .26-46 

Water  9....81....G6-95....67-loJ  [Water 8.,  .82...  60-32 


Crystals  of  by-  1 
drated  sulphuret  [1  121  100  00 
of  sodium  j 


Crystallized  hydrosul- 
phuret  of  soda 


1 121  100.00 


2 S 2 
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Bisulphuret  op  Sodium,  NaS2,  is  similarly  constituted  to  the  corres- 
ponding compound  of  potassium,  and  there  are  also  other  analogous 
supersulphurets. 

Hyposulphite  of  Soda.  Ditiiionite  op  Soda,  Na0,S202,  is  formed 
hy  exposing  a solution  of  persulphuret  of  sodium  to  the  atmosphere  till  it 
becomes  colorless;  or  hy  adding  a solution  of  carbonate  of  soda  to  hypo- 
sulphite of  lime,  and  filtering.  It  crystallizes  in  silky  tufts,  and  when 
the  solution  is  concentrated,  the  whole  concretes  into  a crystalline  mass. 
It  deliquesces  in  the  air,  but  under  a vacuum  with  sulphuric  acid  it 
effloresces.  Its  taste  is  bitter  and  nauseous ; ndien  heated  it  fuses,  dries, 
and  takes  fire,  deflagrating  Avith  a yellow  flame.  It  is  insoluble  in  alcohol, 
Avhich  precipitates  it  from  its  aqueous  solution.  It  readily  dissolves 
chloride  of  silver.  (Hersciiel,  Ediii,  Phil.  i.  19.)  The  crystals 

include  5 atoms  of  water.  Walchner  prepares  hyposulphite  of  soda  as 
folloAvs : ] pound  of  dry  carbonate  of  soda  mixed  with  10  ounces  of 
powdered  sulphur  is  heated  in  a porcelain  dish,  and  stirred,  Avhen  the 
sulphur  fuses,  to  allow  of  contact  of  air : the  sulphuret  of  sodium  passes, 
under  these  circumstances,  with  slight  incandescence,  into  sulphite  of 
soda,  Avhich  is  dissolved  in  Avater,  filtered,  and  boiled  Avith  floAvers  of 
sulphur : the  filtered  concentrated  solution  then  yields  crystals  of  the 
hyposulphite.  (Chem.  Gaz..^  Aug.  1843,  p.  524.  Aim.  der  Chem.  nnd. 
Pharm..,  May,  1843.)  When  perchloride  of  iron  and  hyposulphite  of  soda 
are  mixed  in  solution,  the  results  are  protochloride  of  iron,  chloride  of 
sodium,  and  the  bisulphuretted  hyposulphite  of  soda  of  Fordos  and  Gelis. 
Fe2Cl3  + 2 [Na0,S202]  = NaO,St  05,  NaCl  = 2FeCl. 

Sulphite  of  Soda,  Na0,S02,  is  obtained  in  the  same  Avay  as  sul- 
phite of  potassa ; it  is  crystallizable  in  transparent  four  and  six-sided 
prisms,  soluble  in  four  parts  of  Avater  at  60*^,  and  in  less  than  its  Aveight 
of  boiling  AA^ater.  It  consists  of  32  soda  -{-  32  sulphurous  acid  rz  64. 
The  crystals  contain  8 atoms  of  AA^ater  = 72.  There  is  also  a crystalli- 
zable bisulphite  of  soda.,  obtained  by  passing  a current  of  sulphurous  acid 
gas  through  a solution  of  carbonate  of  soda  till  fully  saturated : it  yields 
on  evaporation  four-sided  rectangular  prisms,  having  a sulphurous  taste 
and  smell,  and  reddening  vegetable  blues.  (Thomson.)  Does  not  redden 
litmus.  (Gay  Lussac  and  Welter.) 

Sulphuretted  Hyposulpiiate  of  Soda.  Trithionate  of  Soda.  NaO, 
SsOs,  has  only  been  obtained  in  solution.  (See  the  corresponding  salts 
of  potassa,  p.  585.) 

Bisulphuretted  Hyposulpiiate  of  Soda.  Tetrathionate  of  Soda. 
Na0,S405.  This  salt  is  most  conveniently  formed  by  the  mutual  decom- 
position of  hisulphurelted  hyposulpiiate  of  baryta  and  sulphate  of  soda: 
it  is  also  obtained  by  the  action  of  iodine  on  a solution  of  hyposulphite 
of  soda,  Avliicli  is  added  till  the  solution  begins  to  acquire  color:  the 
change  maybe  thus  represented:  2[Na0,S202] -f-I— Nal -i-Na0,S405. 
Fordos  and  Gelis,  {Ann.  Ch.  et  Ph.,  Dec.  1842.) 

Hyposulpiiate  of  Soda.  Dithionate  of  Soda.  Na05S205,  may  be 
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obtained  by  decomposing  liyposulpliate  of  baryta  by  sulphate  of  soda;  or 
liyposulpliate  of  manganese  may  be  decomposed  by  sulpliuret  of  sodium, 
and  the  liquid  evaporated  to  the  point  of  crystallization  : it  forms  trans- 
parent four-sided  prisms  of  a peculiar  bitterish  taste,  soluble  in  2*1  of 
water  at  60°,  and  in  IT  at  212°,  and  insoluble  in  alcohol.  According  to 
Ileeren  (Poggend.^  vii.  77)?  they  contain 


Soda  

..  1 . 

...  32  . 

...  26*23 

llyposulpharic  acid  

..  1 . 

...  72  . 

...  59*02 

Water  

..  2 . 

...  18  . 

...  14-75 

Crystallized  liyposulpliate  of  soda  .. 

..  1 

122 

100*00 

Sulphate  of  Soda.  Glaubers  Salt.  Sal  Mirabile.  Na0,S0.3, 
or  NaS04,  is  abundantly  produced  in  various  processes  of  the  arts,  by  the 
action  of  oil  of  vitriol  upon  chloride  of  sodium.  S03,H0, -f- NaCl  =: 
Na0,S03 -}- HCl : that  is,  chloride  of  sodium  consists  of  24  sodium -f  36 
chlorine:  sulphuric  acid  consists  of  40  dry  acid 9 water:  the  water  of 
the  acid,  consisting  of  1 hydrogen -f- 8 0X3gen,  is  decomposed:  its  hydro- 
gen is  transferred  to  the  chlorine  to  produce  hydrochloric  acid  (1  hydro- 
gen-f  36  chlorine),  and  its  oxygen  unites  to  the  sodium,  forming  soda  (8 
oxygen -f  24  sodium).  The  40  dry  sulphuric  acid  unite  to  the  32  soda, 
to  produce  sulphate  of  soda,  which  will  be  represented  by  the  number  72. 


This  decomposition  is 
shown  in  the  annexed 
diagram;  the  original  sub- 
stances being  printed  in 
capitals,  the  products  in 
italics,  and  the  Compo- 
nents in  common  type: 
the  numbers  are  the  equi- 
valent Aveights  of  1 atom 
of  the  respective  sub- 
stances. 


H;/drochloric  Acid 
37 


Com  MON 
Salt 
60 


Chlorine  Hydrogen 
36  1 


Sodium  Oxygen 

24  8 


Water 

9 


Sulphuric 
Soda  Acid 

32  40 


Sulphate  of  Soda 

72 


Liquid 

Sulphuric 

Acid 

49 


Sulphate  of  soda  is  also  a natural  product.  Casaseca  found  anhydrous 
sulphate  of  soda  {Theiiardile)  in  the  vicinity  of  IMadrid  ; and  Gimbernat, 
in  the  Canton  D’Argovie  in  Switzerland.  It  occurs  in  many  common 
springs  and  mineral  Avaters,  It  is  also  found  in  the  ashes  of  some  plants 
{Tamarix  Gallica)^  and  in  some  of  the  animal  fluids. 

Anhydrous  sulphate  of  soda  may  be  obtained  by  drying  the  hydrated 
crystals  upon  a sand  heat:  they  fall  into  a Avhitc  powder,  Avhicli  reabsorbs 
Avater  Avith  the  evolution  of  heat.  When  a hot  concentrated  solution  of 
sulphate  of  soda  is  suffered  to  deposit  crystals  (at  a temperature  betAveen 
90°  and  100°),  they  are  anhydrous  rhombic  octohedra.  (Mitscheklich, 
J^oggend.^  xii.  and  xxv.  Thoaisox,  y]?ni.  P/tiL,  xxviii.  401,)  sp.  gr.  2*462. 
100  of  Avater  at  57°,  dissolv'e  10*58  of  this  anhydrous  salt,  and  the  solution 
set  aside  to  cool  and  crj'stallize,  gives  the  common  dccahydrated  crystals, 
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Fused  sulphate  of  soda  concretes  on  cooling  into  a foliated  crystalline 
mass;  sp.  gr.  2’63.  The  anhydrous  salt  consists  of 

"SVenzel.  Longchamp. 

Soda  1 ...  32  ....  44-4  ....  44*3  ....  43-9 

Sulphuric  acid  1 ....  40  ....  55'6  ....  55‘7  ....  56'1 


Anhydrous  sulphate  of  soda ....  1 72  lOO’O  lOO'O  lOO'O 

The  ordinary  crystals  (decahydrated  sulphate  of  soda)  are  deposited 
from  solutions  cooled  to  common  temperatures:  they  are  large  transpa- 
rent striated  prisms,  belonging  to  the  oblique  prismatic  system.  (Brooke, 
A/in.  of  Phil. ^ xxiii.  21.  Provostaye,  A?i?i.  Ch.  et  Ph..,  Lxxviii.  354.) 
Sp.  gr.  1’35.  (Thomson.)  They  are  efflorescent,  and  by  due  exposure 
to  dry  air  lose  the  whole  of  their  water,  crumbling  into  white  powder, 
which,  however,  in  very  damp  air,  reabsorbs  water  with  considerable 
increase  of  bulk.  When  gently  heated,  the  crystals  fuse,  and  at  the 
same  time  deposit  anhydrous  sulphate : their  taste  is  saline  and  very 
slightly  hitter:  they  are  insoluble  in  alcohol.  The  solubility  of  sulphate  of 
soda  in  water  follows  a singular  law,  first  observed  by  Gay  Lussac.  {Ann, 
Ch.  et  Ph.,  xi.)  After  having  increased  rapidly  to  about  the  temperature 
of  92*^,  where  it  is  at  its  maximum,  it  diminishes  to  215°,  and  at  that 
temperature  the  salt  is  nearly  of  the  same  solubility  as  at  87°. 


At  32°  100  parts  of  water  dissolve  about  5 of  anhydrous  and  12  of  crystallized  salt. 
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This  common  crystals  contain 

Bi’andes 

Berzelius. 

and  Firnhaber. 

Soda 

1 .... 

32  .. 

..  19-74  . 

...  19-24 

....  19-1 

Sulphuric  acid 

1 .... 

40  .. 

..  24-69  . 

...  24-76 

....  24-4 

AVater  

10  .... 

90  .. 

..  55-57  . 

...  56-00 

....  56-5 

Decahydrated 
of  soda 

sulphate  1 

1 

162 

100  00 

100-00 

100-0 

When  crystallized  sulphate  of  soda  is  dissolved  in  its  weight  of  boil- 
ing water,  and  a flask  filled  wdth  it  and  tightly  corked  up,  no  crystalliza- 
tion generally  ensues:  but  upon  opening  the  flask  it  either  immediately 
crystallizes,  or  does  so  upon  touching  the  solution  with  a solid  body. 
This  experiment  has  already  been  referred  to  (p.  10).  It  sometimes, 
however,  happens  that  a portion  of  the  salt  does  crystallize,  forming 
quadrangular  crystals,  which  become  opaque  on  exposure,  and  which,  for 
sulphate  of  soda,  are  peculiarly  hard;  Faraday  {Quart.  Jonrn.  Sc.,  xix. 
52,)  found  these  composed  of 

Dry  sufijliate  of  soda 1 ....  72  ....  50 

Water  8 ....  72  ....  50 

Octoliydrated  sulphate  of  soda I 144  100 

Gay  Lussac  obtained  a poAverful  pyrophorus,  by  igniting  a mixture  of 
lamp-black  and  dry  sulphate  of  soda,  analogous  to  that  mentioned  under 
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Sulphate  of  Potassa,  (Quart.  Journ.  Sc.y  iv.  208.)  The  decomposition 
of  sulphate  of  soda  for  the  manufacture  of  carbonate  of  soda  is  described 
under  the  latter  salt. 

Bisulphate  of  Soda.  Na0,2S03,  is  obtained  by  adding  sulphuric 
acid  to  a hot  solution  of  sulphate  of  soda.  It  crystallizes  in  rhombic 
prisms,  soluble  in  twice  their  weight  of  water  at  60°,  and  containing  water 
of  crystallization.  (Link,  Crell's  Annals.^  1796.)  AVhen  a crystal  of  hi- 
sulphate  of  soda  is  held  in  the  candle,  it  melts  like  ice.  This  salt  liquifies 
at  300°,  and  may  be  kept  at  that  temperature  without  much,  loss  of  weight. 
Its  specific  gravity  is  1*8.  At  the  temperature  of  60°,  one  hundred  parts 
of  water  dissolve  92*72  of  this  salt,  so  that  it  is  tvnce  as  soluble  as  crystal- 
lized sulphate  of  soda.  Its  taste  is  very  acid.  (Thomson,  Ann.  Phil.., 
X.  439,  2nd  Series.)  An  anhydrous  bisulphaie  of  soda  may  be  obtained  by 
gently  heating  together  in  a platinum  crucible  10  parts  of  dry  sulphate  of 
soda,  and  7 of  sulphuric  acid  (specific  gravity  1*84);  the  water  of  the  acid 
escapes,  and  the  residue  may  then  be  fused  : it  furnishes  a very  soluble 
but  not  a deliquescent  salt,  which,  when  distilled  at  a high  temperature,! 
affords  anhydrous  sufhiiric  acid.  (Berzelius.)  Graham  represents  the 
crystallized  bisulphate  by  the  formula  II0,S03-{-Na0,S03.  According  to 
Braudes  the  crystals  contain  3,  and  to  Thomson,  4 atoms  of  water. 

Sesquisulpiiate  of  Soda.  2Na0,3S03.  According  to  Thomson 
(Aim,  of  Phil..^  2nd  Series,  x.  436),  this  salt  is  obtained  when  the  residue 
after  the  decomposition  of  common  salt  by  sulphuric  acid  in  excess  is 
dissolved  in  hot  water  and  set  aside;  it  usually  forms  the  first  crop  of 
crystals;  they  are  transparent  prisms,  firmer  and  harder  than  the  common 
sulphate,  of  an  acid  taste,  but  neither  deliquescent  nor  efflorescent.  Their 
specific  gravity  is  2*226  at  63°.  100  of  water  dissolve  25  of  this  salt. 

When  water  saturated  Avitli  it  is  set  aside,  crystals  of  tire  common  sul- 
phate are  formed:  it  loses  but  little  Aveight  even  at  a red-heat:  it  is 
anhydrous,  and  consists  of 


Soda 2 ....  64  ....  34*78 

Sulphuric  acid 3 ....  120  ....  65’22 


Anhydrous  sesquisulphate  of  soda....  1 184  100*00 

A sesquisulphate  of  soda  is  obtained,  according  to  Mitscherlich,  by  add- 
ing half  an  equivalent  of  oil  of  vitriol  to  sulphate  of  soda,  and  evaporat- 
ing the  solution  till  it  attains  the  degree  of  concentration  necessary  for 
crystallization. 

Ammoniosulphate  of  Soda.  NH40,Na0,2S03-l-4lI0,  is  a double 
salt,  formed  by  saturating  the  bisulphate  with  ammonia,  (Link,  Crell’s 
Annals.^  ^796,  i.)  or  by  dissolving  the  tAVO  sulphates  in  atomic  proportions 
and  crystallizing  : it  yields  transparent  prisms  Avith  rhombic  bases,  of  a 
bitter  taste,  consisting,  according  to  Riffault,  (Ann.  Ch.  ct  Ph.^  xx.  432,)  of 


Riffault. 

Ammonia 1 ....  17  ••••  8*77  ....  9'678 

Soda 1 ....  32  ....  18*39  ....  18*550 

Sulphuric  acid 2 ....  80  ....  45*97  ....  45*740 

Water 5 ....  45  ....  25*87  ....  26*032 


Crystallized  ammoniosulphate  of  soda  1 


174 


100*00 


100*000 
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Sodium  and  Selenium.  Tlie  seleniuret  of  sodium  lias  not  been 
examined. 

Selenite  of  Soda.  Na0,Se02,  is  very  soluble  and  difficultly  crystal- 
lizable.  It  tastes  like  borax.  It  is  insoluble  in  alcohol,  and  not  deli- 
quescent. BisdenUe  of  society  Na0,2Se02,  is  also  very  soluble : its  solu- 
tion when  evaporated  to  the  consistence  of  syrup  forms  clusters  of  radiated 
crystals.  At  a red-heat  it  fuses  and  gives  off  acid  so  as  to  become 
neutral.  Quadrisele?iite  of  society  Na0,4Se02,  yields  radiated  crystals  by 
spontaneous  evaporation.  (Berzelius.) 

Seleniate  of  Soda.  Na0,Se0.3,  may  be  obtained  by  deflagrating  a 
mixture  of  selenium  and  nitrate  of  soda.  It  is  isomorphous  with  sulphate 
of  soda,  and  follows  the  same  law  with  regard  to  its  solubility  in  w ater, 
and  w^ater  of  crystallization. 

PiiosPHURET  OF  SoDiuM.  NaP,  posscsscs  the  general  properties  of  the 
corresponding  compound  of  potassium. 

IlYPOPnosPHiTE  OF  SoDA.  NaO,PO,  is  very  soluble  both  in  alcohol 
and  w^ater.  (Dulong,  Ch.et  Ph.,  II.  142.)  It  maybe  obtained  by 
mixing  hypoposphite  of  lime  wuth  a slight  excess  of  carbonate  of  soda. 
Altering,  evaporating  to  dryness,  and  digesting  in  alcohol,  which  dissolves 
the  hypophosphite,  and  which  by  very  careful  evaporation  may  be 
obtained  in  prismatic  crystals  which  are  very  deliquescent,  and  wffien 
heated  evolve  phosphuretted  hydrogen. 

Phosphite  of  Soda.  Na0,P03,  forms  rhombic  crystals,  very  soluble 
in  water  and  alcohol.  (Dulong.)  Insoluble  in  alcohol.  (Dumas.)  Ac- 
cording to  Wurtz,  the  neutral  phosphite  is  =:2NaO,P03,  llHO : he  has 
also  described  an  acid  phosphite  = 2Na0,3P03,8H0. 

Phosphates  of  Soda.  1.  Tribasic  phosphates.  There  are,  accord- 
ing to  Graham,  three  phosphates  of  soda  belonging  to  the  tribasic  class: 
these  have  been  usually  distinguished  as  common  or  rhombic  phosphate.^ 
subphosphate.,  and  biphosphate.  The  ammoniophosphate  also  belongs  to 
this  class. 

a.  Common  or  rhombic  phosphate.  2Na0,H0,cP05 -1- 24HO.  This 
salt,  (the  sal  perlatum  of  some  old  waiters,)  is  obtained  by  saturating 
the  impure  phosphoric  acid  prepared  from  calcined  bones  by  sulphuric 
acid,  with  carbonate  of  soda : the  liquor  is  filtered,  evaporated,  and  set 
aside  to  crystallize.  The  ciystals  form  most  readily  in  an  alkaline  solu- 
tion: they  are  oblique  rhombic  prisms,  (Brooke,  Ann.  of  Phil.,  2iid 
Series,  vi.  286,)  always  alkaline  to  test-paper,  superficially  efflorescent, 
and  soluble  in  about  4 parts  of  cold  and  2 of  hot  w’^ater.  This  salt 
has  a slightly  saline  and  alkaline  flavor,  and  has  been  used  in  medicine 
as  an  aperient  under  the  name  of  tasteless  purging  salt.  Its  specific 
gravity  is  1'33.  The  crystals  when  moderately  heated  fuse  in  their  water 
of  crystallization;  at  a dull  red-heat,  the  salt  runs  into  a clear  glass, wffiich 
becomes  opaque  on  cooling : {pyrophosphate.')  It  is  deprived  of  half  its 
alkali  by  hydrochloric  acid,  but  not  by  acetic  acid. 
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This  form  of  phosphate  of  soda  consists  of 

Berzelius.  Clark,  Graham. 


Soda 

Pliosplioric  acid  

0 

1 . 

...  04  . 
...  72  . 

...  17-72  .. 

...  19-94  .. 

..  17-071 

..  20  34)  ' 

...  37-48  . 

...  371 

Basic  water 

1 . 

...  9 . 

...  2-49) 

..  62-00  - 

..  2-49) 

...  029 

Water  of  crystallization  24  . 

...210  . 

...  59-85 j •' 

..  00-03 j • 

Crystallized  rhombic  ) 
phosphate  of  soda  J 

1 

301 

100-00 

100-00 

100-00 

100-0 

When  a solution  of  this  phosphate  is  evaporated  at  a temperature  of 
90°,  it  crystallizes  according  to  Clark  (Brewster’s  Journal^  vii.  311,)  in 
a modified  form,  with  only  14  atoms  of  water.  When  dropped  into  nitrate 
of  silver,  it  forms  a yellow  precipitate. 

/S.  Sifhphosphafe  of  Soda.  3Na0,cP05  + 24  HO.  When  excess  of 
caustic  soda  is  added  to  a solution  of  the  preceding  salt,  it  yields  on  eva- 
poration slender  six-sided  prisms,  which  are  permanent  in  the  air,  soluble 
inn  parts  of  water  at  60°,  and  undergo  watery  fusion  at  170°.  The 
solution  of  this  salt  absorbs  carbonic  acid,  and  is  deprived  of  one-third  of 
its  alkali  by  the  weakest  acid.  This  salt  continues  tribasic  after  exposure 
to  a red  heat.  (Graham.)  It  contains 


Graham. 

Soda  3 ....  90  ....  25-00  ....  24-70 

Phosphoric  acid  I ....  72  ....  18-75  ....  18-00 


Water  of  crystallization  24  ....  210  ....  5G'25  ....  50-03 

Crystallized  snhphosphate  of  soda  ....  1 384  100-00  99-33 


y.  Vhosphalc  of  Soda  and.  Water.  Blphosphale  of  Soda.  AhiO, 
2II0,cP05  4- 2110,  is  obtained  by  adding  tribasic  phosphate  of  water  to  a 
solution  of  the  common  phosphate,  till  it  ceases  to  precipitate  chloride  of 
barium.  The  solution  in  cold  weather  affords  crystals,  of  wdiich  the 
ordinary  form  is  a right  rhombic  prism,  having  its  larger  angle  of  93°  54', 
hut  it  also  occurs  in  another  right  rhombic  prism,  isomorphous  with 
hinarseniate  of  soda.  This  biphosphate  is  very  soluble,  and  has  distinct 
acid  reaction.  (Graham.)  Like  the  preceding  salts,  it  occasions  a 
yellow^  precipitate  of  tribasic  phosphate  of  silver,  in  solution  of  nitrate  of 
silver.  It  consists  of 


Soda 

Phosphoric  acid  

Basic  water 

Water  of  crystallization 


1 

1 

2 

o 


32 

72 

18 

18 


22-80) 
51-42j  •••• 
12-80) 
l2-80j  •••• 


Graham. 

73-70 

20-24 


Crystallized  biphosphate  of  soda  1 140  100-00  100  00 

Ammomopliosphale  of  Soda.  Na0,Nll40,II0,cP05  4-8110.  Tliis 
salt  exists  in  human  urine,  whence  it  was  procured  by  the  early  chemists 
under  the  names  of  microcosmic  and  fusible  salt.  It  may  be  formed  by 
dissolving  in  water  5 parts  of  crystallized  rhombic  phosphate  of  soda  with 
2 of  crystallized  phosphate  of  ammonia,  and  evaporating;  or,  according  to 
Graham,  by  heating  together  6 or  7 parts  of  crystallized  phosphate  of  soda, 
and  2 of  water,  till  the  wdiole  is  liquid,  and  then  adding  I part  of  pow- 
dered sal-ammoniac;  chloride  of  sodium  separates,  and  the  solution,  filtered 
and  concentrated,  affords  the  double  phosphate  in  prismatic  crystals;  it  is 
purified  by  a second  crystallization.  It  forms  transparent  prisms  of  a 
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saline  and  cooling  taste,  very  soluble,  fusible,  and  which  effloresce  and 
lose  ammonia  in  a dry  atmosphere : they  are  easily  soluble  in  water,  and 
the  solution  gives  off  ammonia  when  heated.  When  slightly  heated, 
they  part  with  8HO ; at  a red  heat  the  remainder  of  the  water  and 
the  ammonia  are  evolved,  and  the  salt  is  converted  into  jnetaphosphate 
of  soda^  which  is  very  fusible.  “ It  will  be  observed,"  says  Professor 
Graham,  “that  the  three  atoms  of  base  in  this  phosphate  are  all  different, 
namely,  water,  oxide  of  ammonium,  and  soda.  This  salt  I believe 
proved  the  key  to  the  constitution  of  the  bibasic  and  tribasic  organic 
acids,  by  supplying  the  canon  founded  upon  it  by  myself,  that  bases  of 
the  same  family  may  exist  together  in  the  salts  of  such  acids,  but  not  in 
ordinary  double  salts,"  The  components  of  the  crystallized  salt  are 


Riffault. 

Soda 1 ....  32  ....  15-16  ....  14-88 

Ammonia  1 ....  17  ....  3-06  ....  9-00 

Phosphoric  acid  1 ....  72  ....  34-12  ....  34*49 

Water 10  ....  90  ....  42-66  ....  41-63 


Crystallized  ammoniophosphate  of  soda  1 211  100-00  100-00 


2.  Bibasic  Phosphates.  Pyrophosphates.  There  are  two  phosphates 
of  soda  belonging  to  this  class,  commonly  called  the  p)yrophosphate  and 
h ipy  rophosphate. 

a.  Pyrophosphate  of  Soda.  2Na0,^P05 -f- lOHO,  is  obtained  by 
heating  the  common  phosphate  to  redness,  when  it  loses  its  basic  water 
and  water  of  crystallization,  and  becomes  anhydrous  p)y rophosphate  = 
2Na0,6P05.  Dissolved  in  hot  water  this  anhydrous  salt  yields  perma- 
nent prismatic  crystals  on  cooling,  containing  10  atoms  of  water : these 
crystals  are  less  soluble  than  those  of  the  common  phosphate,  and  their 
solution  precipitates  nitrate  of  silver,  white^  (Clark.  Ed.  Journ.  Ac., 
VII.,  298,)  and  has  an  alkaline  reaction.  All  the  insoluble  pyrophos- 
phates, including  that  of  silver,  are  soluble  to  a certain  extent  in  the 
solution  of  pyrophosphate  of  soda.  The  pyrophosphates  of  ammonia  and 
of  potassa  exist  in  solution,  but  when  they  crystallize,  they  pass  into 
tribasic  salts.  Pyrophosphate  of  soda,  anhydrous,  and  crystallized,  is 
composed  as  follows  : 

Clark, 


Soda  2.. ..64.. ..47-05 

Phosphoric  acid  1... .72. ...52-95 


Soda  2.. ..64. ...28-311 

Phosphoric  acid  ....  1....72....31-86r-^’^ 
Water  10. ...90. ...39-83  ....40-72 


Anhydrous  pyrophos-K  lOQ-OO  Crystallized  pyro-1  ^ 226  100-00  100-00 

phate  of  soda  J phosphate  ot  soda  j 

yA.  Bipyrophosphate  of  Soda.  Na0,H0,5P05.  This  salt  is  formed  by 
the  application  of  a graduated  heat  to  the  biphosphate  of  soda ; its  solu- 
tion has  an  acid  reaction,  and  does  not  crystallize.  It  throws  down  white 
pyrophosphate  of  silver  from  nitrate  of  silver.  It  consists  of 

Graham. 


Phosphoric  acid  1 ....  72  ....  63-8j 

Water  1 ....  9 ....  7*9  ....  8-02 


Bipyrophosphate  of  soda  ....  1 


113 


100-0 


100-00 
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3.  Monobasic  Phosphate.  Metaphosphale  of  Soda.  NaO,  aV05. 
When  any  of  the  preceding  phosphates  which  contain  only  1 equivalent 
of  fixed  base  (soda)  are  heated  to  redness,  they  afford  metaphosphale : 
when  bipyrophosphate  is  used,  the  properties  of  the  resulting  salt  vary 
with  the  temperature  to  which  it  has  been  subjected;  thus  if  heated  to 
500%  it  becomes  neutral.^  but  still  retains  the  characters  of  a pyrophos- 
phate. At  a temperature  somewhat  higher,  but  below  redness,  it 
becomes  very  difficultly  soluble,  and  only  feebly  acid  : when  evaporated, 
this  solution  does  not  give  ciystals,  but  dries  into  a transparent  pellicle 
like  gum,  which  retains  at  the  temperature  of  the  air  somewhat  more 
•than  a single  equivalent  of  water.  Added  to  neutral  and  not  very  dilute 
solutions  of  earthy  and  metallic  salts,  metaphosphate  of  soda  throws  down 
insoluble  hydrated  metaphosphates,  of  which  the  physical  condition  is 
remarkable ; they  are  all  soft  solid  or  semifluid  bodies,  the  metaphosphate 
of  lime  having  the  degree  of  fluidity  of  Venice  turpentine.  Metaphos- 
phate of  soda  consists  of 

Soda  1 ....  32  ....  31-37 

Phosphoric  acid 1 ....  72  ....  68-63 

Anhydrous  metapliosphate  of  soda  ....  1 102  100-00 

Carbonate  of  Soda.  NaO,C02.  This  important  salt  was  formerly 
obtained  by  the  combustion  of  certain  marine  plants,  the  ashes  of  which 
afforded  by  lixiviation  the  impure  alkali  called  soda.  Two  kinds  of 
rough  soda  were  known  in  the  market,  barilla  and  kelp;  besides  which, 
some  native  carbonate  of  soda  was  also  imported  from  Egypt.  Barilla 
is  the  semifused  ash  of  the  salsola  soda.,  which  was  cultivated  upon  the 
Mediterranean  shore  of  Spain,  in  the  vicinity  of  Alicant.  {Ann.  de 
Chimie.,  XLix.  267*)  Varec  is  the  impure  carbonate  made  in  Brittany, 
and  Blanquette  that  of  Aigue-mortes  and  Frontignan.  Kelp  consists  of 
the  ashes  of  sea-weeds,  collected  upon  many  of  the  rocky  coasts  of  Bri- 
tain, and  burned  in  kilns,  or  merely  in  excavations  made  in  the  ground, 
and  surrounded  by  stones.  It  seldom  contains  more  than  5 per  cent,  of 
carbonated  alkali,  and  about  24  tons  of  sea-weed  are  required  to  produce 
1 ton  of  kelp.  The  best  produce  is  from  the  hardest  such  as  the 

serratus,  digital  us,  nodosus,  and  vesiculosus.  (Macculloch'’s  Western 
Islands,  vol.  i.  p.  122.)  The  rough  alkali,  contaminated  by  chlorides  of 
potassium  and  sodium,  and  other  impurities,  Avas  to  a certain  extent 
purified  by  dissolving  it  in  a small  portion  of  water,  filtrating  the  solution, 
and  evaporating  it  at  a low  heat : but  kelp  is  now  only  important  as  a 
source  of  iodine  (p.  286.)  At  present  the  British  market  is  supplied 
Avith  carbonate  of  soda  obtained  by  the  decomposition  of  sulphate  of  soda: 
it  is  manufactured  to  an  enormous  extent*,  at  a very  cheap  rate,  and  of 
extreme  purity;  in  many  of  the  arts,  soda  has  accordingly  been  substi- 
tuted for  potash.  Small  quantities  of  carbonate  of  soda  are  often  found  in 
an  efflorescent  form,  upon  Avails  containing  lime  and  common  salt:  it  also 


* Professor  Graham  states,  on  the  au- 
thority of  Mr.  Muspratt,  of  Liverpool,  that 
in  1838,  50,000  tons  of  soda-ash,  and 
20,000  tons  of  crystallized  carbonate  of 
soda,  were  made  in  England  by  the  decom- 


position of  common  salt  by  sulphuric  acid, 
and  that  the  manufacture  is  greatly  on  the 
increase.  At  present  (1846),  the  produce 
is  probably  nearly  doubled  and  may  be  said 
to  be  still  on  the  increase. 
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occurs  in  some  mineral  waters,  and  in  the  water  of  the  deep  wells  in  and 
about  London,  to  which  it  communicates  a peculiar  softness.  A consi- 
derable quantity  of  carbonate  of  soda  is  consumed  in  the  laundiy,  for  it 
is  very  detergent,  and  saves  soap. 

The  folio ^Ying  is  an  outline  of  the  process  by  which  carbonate  of  soda 
is  now  prepared.  (Graham,  FAemcnts  of  Chemistry . Ure’s  Dictionary 
of  Arts.  Dumas,  Chimic  app.  aux  Arts.)  1.  Sulphate  of  soda  is  pre- 
pared by  the  mutual  action  of  equal  weights  of  common  salt  and  sul- 
phuric acid  diluted  to  the  density  1*600  : these  are  mixed  in  the  chamber 
of  a reverberating  furnace,  and  the  disengaged  ly^drochloric  acid  suffered 
to  escape  by  the  chimney,  or  in  some  cases  condensed,  and  applied  to 
other  manufactures,  such  as  bleaching  salts,  sal-ammoniac,  &c.  2.  The 

sulphate  of  soda  is  ground  up  Avith  an  equal  weight  of  chalk  and  half  its 
Aveight  of  poAvdered  coal,  and  this  mixture  is  fused  in  a reverberating 
furnace,  Avell  stirred,  and  then  raked  out  into  an  iron  trough  Avhere  it 
cools  and  solidifies.  In  this  state  it  is  called  hall-soda^  or  British  barilla^ 
and  contains  about  22  jjer  cent,  of  alkali.  3.  This  is  then  broken  up, 
placed  in  vats,  and  covered  Avith  Avarm  Avater ; in  six  hours  the  liquor 
is  draAvn  off,  and  the  residue  repeatedly  AA^ashed  till  all  soluble  matters  are 
extracted:  the  different  liquors  are  then  mixed  and  eA*aporated  to  dry- 
ness, by  Avhich  a carbonate  of  soda  is  obtained,  mixed  Avith  a little  caustic 
soda  and  sulphuret  of  sodium.  4.  This  is  further  purified  by  mixing  it 
with  one-fourth  its  Aveight  of  saAvdust,  and  exposing  the  mixture  to  a 
dull  red  heat,  by  Avhich  the  sulphur  is  expelled  and  the  caustic  soda 
converted  into  carbonate.  In  this  state  it  contains  about  50  per  cent,  of 
alkali.  5.  If  crystallized  carbonate  of  soda  is  required,  this  dry  salt  is 
dissolved  in  Avater,  and  Avhen  the  solution  has  become  clear,  it  is  poured 
off,  evaporated  till  a pellicle  forms  upon  the  surface,  and  then  run  into 
shalloAV  iron  A^essels  AAdiere  it  crystallizes.  6.  The  mother-liquors  are 
boiled  doAA’n  to  dryness,  and  yield  a less  pure  salt,  containing  about  .30 
per  cent,  of  alkali,  aaRIcIi  is  used  for  soap  and  glass-making. 

In  this  process  the  sulphate  of  soda  becomes  sulphuret  of  sodium  in 
consequence  of  the  calcination  Avith  coal,  and  this  sulphuret  is  converted 
into  carbonate  by  the  action  of  the  chalk,  sulphuret  of  calcium  being  also 
formed.  Graham  observes  that  this  sulphuretted  calcium  Avould  destroy 
the  carbonate  of  soda  if  dissolved  along  Avith  it  in  the  lixiviation  of  the 
hall  soda,  but  that  being  in  combination  Avith  the  lime,  as  an  oxysulphuret 
of  calcium,  this  does  not  happen;  hence  the  necessity  of  excess  of  lime: 
he  gives  the  following  diagram  in  illustration  of  the  process,  assuming  that 
charcoal  is  used  instead  of  coal,  and  lime  instead  of  carbonate  of  lime : 
the  numbers  denote  equivalents. 


Before  decomposition. 


4 Carbon  . 

1 Sulphate 
of  soda 

1 Lime 


4 Carbon  1 
4 Oxygen/ 
1 Sodium 
1 Sulphur 
1 Oxve:en 


1 


■ 1 1 Calcium 
Lime  1 Lime 


After  decomposition. 

4 Carbonic  oxide 
I Soda 

Sulphuret  of  calcium 
Lime  


Combined. 


The  soda  acc|uires  carbonic  acid,  either  from  the  carbonate  of  lime,  or  from 
the  fuel.  The  insoluble  oxysulphuret  of  calcium  in  this  process  is  knoAvn 
as  soda-jvaste.  It  has,  hitherto,  says  Graham,  ‘‘been  not  merely  Amlue- 
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less  Lut  troublesome  to  the  manufacturer:  at  present  an  attempt  is  making 
to  turn  it  to  account  as  a source  of  sulphur.” 

R.  Phillips  has  suggested  the  use  of  sulphate  of  iron  obtained  by  the 
oxidation  of  iron  pyrites,  as  a substitute  for  the  sulphuric  acid  in  the  above 
process,  to  convert  the  chloride  of  sodium  into  sulphate  of  soda;  in  this 
case  sulphate  of  soda,  oxide  of  iron,  and  a volatile  chloride  of  iron,  are  the 
results;  or  the  salts  may  he  dissolved  and  the  solution  exposed  to  a low 
temperature,  when  sulphate  of  soda  crystallizes  and  chloride  of  iron 
remains  dissolved.  Sulphate  of  magnesia  has  also  been  substituted  in  this 
process,  for  sulphate  of  iron. 

Another  mode  of  producing  carbonate  of  soda,  consists  in  the  mutual 
decomposition  which  ensues  when  carbonate  of  ammonia  and  chloride  of 
sodium  are  made  to  re-act  upon  each  other  in  the  humid  way : the  fol- 
lowing is  an  outline  of  this  process;  it  has  been  patented  by  Messrs. 
Dyer  and  Hemming:  “Mix  common  salt  with  an  equivalent  proportion 
of  sesquicarbonate  of  ammonia,  and  as  much  water  as  will  dissolve  the 
salt.  Keep  the  ingredients  in  constant  agitation  for  several  hours;  the 
result  is  a thick  magma.  Filter  the  liquid  from  the  solid,  and  afterwards 
submit  the  solid  to  great  pressure  by  an  hydraulic  press.  The  solid  cake, 
which  is  chiefly  bicarbonate  of  soda,  is  then  heated  in  an  iron  retort  till 
all  the  moisture,  and  one  ec[uivalent  of  carbonic  acid,  are  expelled ; it 
is  now  good  soda-ash.  The  retorts  are  provided  with  pipes,  communi- 
cating with  a tank,  in  which  the  volatilized  carbonate  of  ammonia  is 
saved.  Tlie  filtered  and  expressed  liquors  (which  chiefly  contain  sal- 
ammoniac)  are  distilled  with  lime,  and  yield  a solution  of  caustic  am- 
monia. This  is  added  to  an  equivalent  proportion  of  common  salt  and 
agitated  for  several  hours,  during  which  a current  of  carbonic  acid,  ob- 
tained from  ignited  coke  mixed  with  chalk,  is  forced  through  the  mix- 
ture. The  vats  in  which  this  operation  is  performed  are  rendered  air- 
tight, and  the  gas  passes  from  one  to  another,  and  finally  into  a waste  tub 
containing  salt  and  Avater;  the  arrangement  of  the  mixing  vats  being 
similar  to  that  of  a series  of  Woulfe’s  bottles.  The  carbonic  acid  con- 
verts the  caustic  ammonia  into  carbonate,  Avhich  decomposes  the  common 
salt  as  it  is  formed:  the  results  are  treated  as  before  described.  The 
chalk  from  which  the  carbonic  acid  is  obtained,  furnishes  the  lime  for 
the  distilled  liquors.  The  ammonia  is  chiefly  obtained  by  distilling  the 
ammoniacal  liquor  of  coal  gas  Avith  lime,  and  redistilling  Avith  a little 
more  lime.  By  this  mode  a very  strong  solution  of  caustic  ammonia  is 
procured,  someAvhat  contaminated  Avith  sulphuretted  hydrogen:  this,  ho av- 
CA^er,  is  displaced  by  carbonic  acid.  It  may  be  necessary  to  observe  that 
the  carbonic  acid  is  passed  through  two  Avaters  to  Avash  and  cool  it,  and 
as  it  is  indispensable  that  the  mixtures  should  be  kept  coo/,  the  AAmter 
in  the  coolers  is  kept  about  one  foot  deeper  than  the  column  in  the 
mixing  vats,  so  that  the  gas  enters  under  pressure,  and  by  expanding 
cools  the  mixtures.  AVhen  there  is  abundance  of  liquid  ammonia,  the 
filtered  and  expressed  liquors  may  be  distilled  per  se^  by  aaIucIi  any  free, 
or  carbonated  ammonia  is  separated;  the  residue  is  a solution  of  common 
salt  and  sal-ammoniac.  At  a boiling  heat  the  common  salt,  being 
much  less  soluble  than  the  sal-ammoniac,  is  taken  out  in  the  solid  state 
and  used  again.  The  solution  of  sal-ammoniac  is  boiled  to  dryness,  and, 
resublimed  in  the  usual  Avay,  furnishes  an  excellent  article.” 
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A process  has  also  been  patented  for  decomposing  common  salt  at  high 
temperatures  by  the  joint  action  of  silica  and  water:  under  these  circum- 
stances hydrochloric  acid  is  evolved,  and  a silicate  of  soda  is  formed, 
which  is  afterwards  converted  into  a subsilicate,  and  so  rendered  soluble 
in  water  by  fusion  with  a due  addition  of  carbonate  of  soda;  this  solu- 
tion is  decomposed  by  a current  of  carbonic  acid;  gelatinous  silica  is 
thrown  down,  and  a carbonate  of  soda  remains  in  solution.  {Chem.  Gaz., 
June,  1843.) 

The  primitive  crystalline  form  of  the  common,  or  decahydrous  carbo- 
nate of  soda  is  an  oblique  rhombic  prism,  the  modifications  of  which 
have  been  described  by  Brook.  (A?in.  of  Phil.^  N.  S.,  vi.  287.)  usual 
form  is  a rhombic  octohedron,  the  acute  angles  of  which  are  truncated. 
Its  sp.  gr.  is  1*42.  It  is  soluble  in  twice  its  weight  of  water  at  60°,  and 
in  less  than  its  own  weight  at  212°.  The  strongest  solution  that  can 
be  preserved  at  the  temperature  of  the  atmosphere  has  the  specific  gravity 
T26;  but  even  this  is  liable  to  partial  crystallization.”  (Henry.)  Its 
taste  is  strongly  alkaline,  and  it  greens  vegetable  blues.  It  fuses  very 
readily  in  its  water  of  crystallization,  and  on  pouring  off  the  fused  salt,  a 
portion  of  monohydrous  carbonate  remains.  The  fused  salt  congeals  at 
about  90°.  Exposed  to  a dry  atmosphere,  the  crystals  effloresce,  and  gra- 
dually crumble  down  into  a white  powder;  at  a red  heat  it  loses  the  whole 
of  its  water.  When  the  vapor  of  a boiling  solution  of  carbonate  of  soda  is 
introduced  into  a flame,  it  gives  it  a yellow  color,  in  consequence  of  traces 
of  the  salt  passing  off  with  the  aqueous  vapor. 

The  following  table  by  Tiinnermann  (Gmelin,  Handbuch^  ii.  82) 
shows  the  quantity  of  anhydrous  carbonate  of  soda  contained  in  solutions 
of  the  annexed  specific  gravities  at  the  temperature  of  60°: 


Sp.  gr. 

Per  Cent. 

Sp.  gr. 

Per  Cent. 

Sp.  gr. 

Per  Cent. 

Sp.  gr. 

Per  Cent. 

M816  .. 

. 14*880 

1*1308  .... 

11*160 

1*0847  ... 

. 7*440 

1*0410 

....  3*720 

1*1748  .. 

. 14*508 

1*1261  .... 

10*788 

1*0802  ... 

. 6*768 

1*0368 

....  3*348 

1*1698  .. 

. 14*136 

1*1214  .... 

10*416 

1*0757  ... 

. 6*396 

1*0327 

....  2*976 

1*1648  .. 

. 13*764 

1*1167  .... 

10*044 

1*0713  ... 

. 6*324 

1*0286 

....  2*504 

1*1598  .. 

. 13*392 

1*1120  .... 

9*672 

1*0669  ... 

. 5*972 

1*0245 

....  2*232 

1*1549  .. 

. 13*020 

1*1074  .... 

9*300 

1*0625  ... 

. 5*580 

1*0204 

....  1*850 

1*1500  .. 

. 12*648 

1*1028  .... 

8*928 

1*0578  ... 

. 5*208 

1*0163 

....  1*488 

1*1452  .. 

. 12*276 

1*0982  .... 

8*556 

1*0537  ... 

4*836 

1*0121 

....  1*116 

1*1404  .. 

. 11*904 

1*0937  .... 

8*184 

1*0494  ... 

4*464 

1*0081 

....  0*744 

1*1356  .. 

. 11*532 

1*0892  .... 

7*812 

1*0452  ... 

4*092 

1*0040 

....  0*372 

Anhydrous  carbonate  of  soda  contains. 

Berzelius. 

Dalton. 

Ure. 

Soda .. 

1 ....  32  .. 

. 59*26  ... 

. 58*75  ... 

. 59*6  .... 

59*14 

Carbonic  acid  .. 

1 ....  22  .. 

. 40  74  ... 

. 41*25  ... 

. 40*4  .... 

40*86 

Anhydrous  carbonate  of  soda 

1 54 

100*00 

100*00 

100*0 

100*00 

The 

perfect  crystals,  as  they  ordinarily  occur 

, contain 

Bergman. 

Klaproth. 

V.  Rose. 

Soda 

..  1 ....  32 

...  22*22 

....  20 

...  22  . 

...  24 

Carbonic  acid,... 

. 1 ....  22 

....  15*28 

....  16 

...  16  . 

..  15 

Water 

. 10  ....  90 

....  62*50 

....  64  . 

...  62  . 

..  61 

Crystals  of  carbonate  of  soda.. 

..  1 144 

100*00 

100 

100 

100 
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When  the  crystals  are  obtained  at  a temperature  between  80*^  and  90°, 
they  sometimes  form  large  right  rectangular  prisms,  terminated  by  a 
four-sided  pyramid : these  only  contain  8 equivalents  of  water.  A satu- 
rated solution  of  carbonate  of  soda,  kept  for  a long  time  at  120°,  deposited 
transparent  prismatic  crystals,  harder  than  the  common  carbonate,  and 
containing  only  1 equivalent  of  water;  and  another  variety,  described  by 
Molis,  contained  of  water.  Crystals  containing  5 and  6 atoms  of  water 
have  also  been  described.  (Gmelin,  Handbuch.) 

In  the  analysis  of  barilla,  kelp,  and  other  impure  kinds  of  soda,  to 
ascertain  the  relative  proportion  of  soda,  it  may  be  useful  to  know  that 
100  parts  of  dilute  nitric  acid,  specific  gravity  1’36,  will  saturate  50  parts 
of  dry  carbonate  of  soda,  which  are  equivalent  to  about  29  of  pure  soda; 
or  460  grains  of  dilute  sulphuric  acid,  specific  gravity  1T41,  neutralize 
100  grains  of  the  dry  carbonate.  From  either  of  these  data,  the  quantity 
of  real  alkali  in  any  sample  of  the  rough  salt  may  be  calculated.  But  the 
method  of  ascertaining  the  proportion  of  soda,  or  of  carbonate  of  soda,  in 
these  cases,  by  means  of  the  alkaliineter^  has  already  been  described.  (See 
Alkalimetry^  p.  593 ; Gay  Lussac  and  Welter,  Ann.  Ch.  el  Ph..,  xiii. 
212.  On  the  Analysis  of  Black  ash.^  R.  Phillips,  Jun.,  Pharm.  Journ.., 
iv.  122;  and  F.  P.  Dulk,  Chem.  Gaz.^  Jan.  1846.) 

The  principal  impurities  contained  in  carbonates  of  soda  are  detected 
as  follows:  1.  Hyposulphite  of  soda.  Hydrochloric  acid  evolves  sulphu- 
rous acid,  and  sulphur  gradually  falls.  2.  Sulphate  of  soda.  A precipi- 
tate by  chloride  of  barium  when  the  solution  is  supersaturated  by  hydro- 
chloric acid.  3.  Chloride  of  sodium.  By  a precipitate  with  nitrate  of 
silver  in  the  solution  supersaturated  by  nitric  acid.  4.  Ferrocyanides  by 
blue  with  protosulphate  of  iron  and  excess  of  hydrochloric  acid.  5.  Salts 
of  potassa^  by  chloride  of  platinum,  or  tartaric  acid  (p.  603).  6.  Lhne  by 

oxalic  acid.  Carbonate  of  lime  is  rendered  soluble  to  a certain  extent  by 
carbonate  of  soda,  and  is  retained  after  recrystallization:  such  a solution 
cooled  to  32°,  deposits  a white  crystalline  powder  composed  of  the  two 
carbonates.  (L.  Gmelin.) 

Chlorinated  Carbonate  of  Soda.  It  has  above  been  stated  that 
when  excess  of  chlorine  is  passed  into  a solution  of  carbonate  of  potassa 
or  of  soda,  carbonic  acid  is  expelled  and  chlorides  and  chlorates  formed ; 
by  proper  management,  however,  chlorine  may  be  combined  with  a solu- 
tion of  carbonate  of  soda,  and  the  resulting  combination  has,  from  the 
uses  made  of  it,  and  the  name  of  its  inventor,  been  termed  Laharraque  s 
disinfecting  liquid.  It  is  obtained  as  follows  : 2800  grains  of  crystallized 
carbonate  of  soda  are  dissolved  in  1*28  pints  of  water,  and  being  put  into 
a AVoulfe’s  apparatus,  the  chlorine  slowly  evolved  from  a mixture  of 
967  grains  of  salt  with  750  grains  of  black  oxide  of  manganese,  and 
967  grains  of  sulphuric  acid,  previously  diluted  with  750  grains  of  water, 
is  carefully  passed  into  it.  No  carbonic  acid  is  evolved,  and  a pale 
yellow  liquid  is  the  result;  its  taste  is  sharp,  saline,  and  astriligent,  and 
it  at  first  reddens,  and  then  bleaches  turmeric  paper.  It  is  but  little 
changed  by  a boiling  heat,  and  gives  out  no  chlorine.  By  careful  evapo- 
ration, it  furnishes  crystals  which  produce  the  original  liquid  when  re- 
dissolved; but  exposed  to  the'  air,  and  suffered  to  evaporate  sponta- 
neously, the  chlorine  escapes,  and  crystals  of  carbonate  of  soda  are 
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obtained.  (Faraday,  Quarterly  Journal.,  N.  S.,  70I.  ii.  p.  84.  See  also 
Chloride  of  Potassa^  p.  563.) 

Bicarbonate  of  Soda,  Na0,2C02,H0,  or  Na0,C02  + H0,C02,  is 
formed  by  passing  carbonic  acid  through  a strong  solution  of  the  carbo- 
nate; a granular  or  crystalline  powder  is  deposited,  which,  when  carefully 
dried  at  common  temperatures,  consists  of  1 atom  of  bicarbonate  of  soda, 
with,  according  to  some  1 atom,  according  to  others  2 atoms,  of  water. 
Both  combinations  may  probably  be  formed. 

This  salt  (as  the  bicarbonate  of  potassa,  p.  597)  8e  obtained 
by  treating  the  carbonate  by  carbonate  of  ammonia;  pure  ammonia  is 
evolved  and  bicarbonate  formed.  Bicarbonate  of  soda  may  also  be 
obtained  by  condensing  carbonic  acid  upon  crystals  of  the  carbonate;  a 
portion  of  the  water  of  the  latter  salt  separates,  and  when  the  gas  ceases 
to  be  absorbed,  it  is  found  converted  into  a porous  and  friable  bicarbo- 
nate, which  must  be  carefully  dried  at  a lo'w  temperature,  otherwise  it 
loses  a portion  of  its  carbonic  acid,  and  becomes  a sesquicarbonate.  The 
salt  directed  for  pharmaceutical  use  is  represented  by  Phillips  as  a sesqui- 
carbonate, obtained  by  drying  the  bicarbonate  ‘‘  by  a gentle  heat.”  {Lon- 
don  Pharmacopoeia.')  According  to  Graham,  the  bicarbonate  of  commerce 
generally  contains  40  jier  cent,  of  soda,  owing  to  the  presence  of  neutral 
carbonate,  in  the  state  of  protohydrate,  wdiich  last  salt  may  be  separated 
by  a small  quantity  of  water.  The  production  of  bicarbonate  of  soda  by 
the  mutual  action  of  carbonate  of  ammonia  and  chloride  of  sodium  has 
been  mentioned  above  (p.  623). 

In  the  manufacture  of  this  bicarbonate  for  the  purpose  of  commerce, 
1601bs.  of  crystallized  carbonate  may  be  dissolved  in  13  gallons  of  water, 
and  carbonic  acid  thrown  into  the  solution  in  a proper  apparatus.  The 
bicarbonate  falls  as  it  forms  to  the  amount  of  about  50 lbs.,  and  being 
separated  from  the  solution  may  be  conveniently  dried  by  pressure  in  an 
hydraulic  press.  A fresh  portion  of  carbonate  is  dissolved  in  the  mother- 
liquor,  and  the  operation  repeated  as  before. 

Bicarbonate  of  soda  has  a slight  alkaline  taste,  but  its  solution  has  no 
alkaline  reaction  upon  turmeric ; it  renders  brazil-wood  paper  blue,  and  of 
course  restores  the  blue  color  of  reddened  litmus;  it  also  greens  violet  juice. 
It  is  much  less  soluble  in  water  than  the  carbonate,  requiring,  accord- 
ing to  Berthollet  8,  according  to  Rose  13,  of  cold  water.  According  to 
Poggiale,  (Berzelius,  LehrhucliQ  JOO  parts  of  water  at  32°  dissolve  8'95 
of  bicarbonate  of  soda;  at  50°,  13’04  parts;  at  68°,  11*15  parts;  at  86°, 
12*24  parts;  at  122°,  14*45  parts;  and  at  158°,  16*69  parts;  at  higher 
temperatures  the  salt  begins  to  lose  carbonic  acid.  The  crystals  of  this 
bicarbonate  are  four-sided  tables,  or,  according  to  Thomson,  oblique  rec- 
tangular prisms.  It  loses  carbonic  acid  if  moistened  and  left  in  the 
vacuum  of  an  air-pump,  and  the  gas  is  also  evolved  when  1 part  of  the 
salt  is  boiled  with  4 of  water.  In  these  cases,  the  salt  was  supposed  to 
be  converted  into  a sesquicarbonate  {Quart ei'ly  Journal.,  xv.  383),  but, 
according  to  Rose,  1 atom  of  carbonic  acid  is  evolved.  At  a red-heat 
bicarbonate  of  soda  loses  its  water,  and  half  its  acid,  and  becomes  con- 
verted into  dry  carbonate  of  soda.  AVhen  long  exposed  to  damp  air,  it 
is  converted,  after  some  months,  into  pentahydrated  monocarbonate. 
Na0,C02,5II0.  (Berzelius.) 
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Tlie  components  of  bicarbonate  of  soda,  in  its  driest  state,  are 


Soda 

Carbonic 
Water  ... 


R.  Smith.  Stromeyer.  Berzelius.  Schindler. 


1 ....  32  ....  37  G ....  37-82  ....  37-OG 

2 ....  44  ....  52-G  ....  52-00  ....  5220 

1 ....  !)  ....  0-8  ....  10-18  ....  10-74 


....  89-26  ....  89-31 
....  10-74  ....  10-G9 


Bicarbonate  of  soda  1 85  lOO’O  lOO'OO  lOO’OO  100*00  100-00 


Sesquicarbonate  of  Soda.  2N’a0,3C02.  A carbonate  of  soda  occurs 
native  in  the  Soda  Lakes  of  Hungary;  also  in  Africa,  in  the  province  of 
Gahena,  near  Fezzan,  where  the  natives  call  it  Trona:  it  is  in  hard  stri- 
ated crystalline  masses,  not  altered  by  exposure  to  air:  indeed  the  Avails 
of  Cassar,  a fort  now  in  ruins,  are  said  to  haA^e  been  built  of  it.  A pro- 
ductive soda  lake  also  exists  in  South  America,  in  Maracaybo,  one  of  the 
provinces  of  Venezuela.  Klajiroth  and  Phillips  have  shoAvn  that  these 
carbonates  are  intermediate  between  the  carbonate  and  bicarbonate. 
Beilrcige^  iii.  98,  and  Quart.  Journ..^  vii.  298.) 

A crystallized  sesquicarbonate  is  deposited  Avhen  a solution  of  the 
bicarbonate  is  boiled  and  then  cooled ; or  Avhen  it  is  evaporated  in  vacuo. 
The  conditions  under  AAdiicli  this  sesquicarbonate  is  formed  have  been 
examined  by  Hermann  [Chem.  Gaz.^  Jan.  1843):  it  does  not  apparently 
originate  from  aqueous  solution,  for  in  that  state  it  is  decomposed  into 
monocarbonate  and  bicarbonate,  Avhich  crystallize  separately;  but  it  may 
be  formed  by  fusing  single  atoms  of  bicarbonate  and  crystallized  car- 
bonate in  their  water  of  crystallization,  or  by  exposing  bicarbonate  to  a 
heat  not  exceeding  482®,  and  leaving  the  mass  exposed  to  humid  air, 
Avhen  in  a feAv  Aveeks  it  assumes  the  characters  of  crystallized  sesquicar- 
bonate or  trona.  Hermann’s  and  AVinckler’s  analyses  lead  to  the  formula 
2Na0,3C02,3H0  for  the  artificial  salt,  Avhereas  the  analyses  of  African 
trona  and  of  African  wrrm,  by  Klaproth  and  Boussingault,  and  of  the 
artificial  salt  by  Phillips,  give  4HO ; there  are  therefore  probably  tAVo 
states  of  hydration,  namely, 

Hermann.  AV-inckler. 


Soda 

2 

G4 

40-76  .... 

40-00  .... 

41-13 

Carbonic  acid 

• , , , 

3 .... 

66 

.... 

42-04  .... 

430G  .... 

43-31 

Water  

3 .... 

27 

.... 

17-20  .... 

lG-94  .... 

15-56 

1 

157 

100-00 

100-00 

100-00 

Boussingault.  Klaproth. 

R.  Phillips. 

Urao. 

Trona. 

Soda  

2 

....  G4 

38-5 

....  41-22 

....  37-0) 

CO 

Carbonic  acid  .... 

3 

....  gg 

39-8 

....  39-00 

....  38-Oj 

Water 

4 

....  3G 

.... 

21-7 

....  18-80 

....  22-5 

....  21-8 

1 

IGG 

100-0 

100-00 

100-0 

100-0 

Carbonate  of 

Soda  and 

PoTAssA,  XaO,C02 

+ K0,C02 

, is  obtained 

by  fusing  the  salts  in  single  atomic  equivalents  : the  double  salt  is  much 
more  fusible  than  its  components,  and  is  therefore  conA'eniently  used  in 
many  cases  of  mineral  analysis  by  fusion.  When  dissolved  in  Avater  the 
component  carbonates  separate.  (Mitsciierlicii,  Poggend.^  xiv.  109.) 
This  double  salt  aA'US  recognized  by  Dubrunfaut  in  the  incinerated  re- 
sidue of  fermented  beet-root  melasses : it  formed  oblique  rectangular 
prisms,  Avhich,  on  exposure  to  air,  absorbed  carbonic  acid,  forming  porous 
VoL.  IE  2 T 
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bicarbonate  of  soda  and  deliquescent  carbonate  of  potassa.  The  crystals 
were  r=  Na0,K0,2C02,12H0.  Another  double  carbonate  — 2NaO, 
C02  + K0,C02  + 18110,  has  been  described  by  Marguerite.  {Journ.  de 
Pharm.') 

Cyanide  of  Sodium.  NaCy.  Sodium  and  cyanogen  act  with  the 
same  phenomena  as  potassium  and  cyanogen,  and  the  resulting  cyanides 
much  resemble  each  other.  Cyanide  of  sodium  is  insoluble  in  alcohol, 
readily  soluble  in  water,  and  dij0icultly  crystallized. 

SuLPHocYANiDE  OF  SoDiuM,  NaCsy,  is  formed  as  the  potassa  salt. 
It  may  be  obtained  from  a concentrated  hot  solution  in  deliquescent 
rhombic  crystals,  which  are  anhydrous,  and  soluble  in  alcohol. 

Mellonide  of  Sodium,  NaMe,  is  best  obtained  by  the  decomposition 
of  mellonide  of  barium  by  carbonate  of  soda : it  forms  white  silky 
acicular  hydrated  crystals,  soluble  in  water,  but  not  in  alcohol.  (Ber- 
zelius.) 

Borate  of  Soda.  Borax.  Biborate  of  Soda.  Na0,2B03.  This 
salt,  which  has  been  very  long  known,  is  imported  from  India,  in  an 
impure  state,  under  the  name  of  Tincal^  Po%inxa^  or  Chrysocolla ; when 
purified,  it  is  called  Borax.  It  is  also  manufactured  by  combining  soda 
with  native  boracic  acid  imported  from  the  South  of  Italy.  This  pro- 
cess, as  well  as  the  methods  of  refining  Indian  and  Chinese  borax,  are 
described  by  Dumas  {Chbn.  app.  aux  Arts^  ii.,)  and  by  Pereira^  {Mat. 
Med.)  Common  borax  crystallizes  in  transparent  prisms,  slightly  efflo- 
rescent. Its  taste  is  cooling  and  alkaline:  it  has  an  alkaline  reaction  upon 
turmeric.  It  is  soluble  in  12  parts  of  cold  and  2 of  boiling  water.  When 
heated  it  loses  water  of  crystallization,  and  becomes  a porous  friable  mass,' 
called  calcined  borax.  At  a red-heat  it  runs  into  a transparent  glass, 
which,  by  exposure  to  air,  becomes  opaque  and  pulverulent  upon  the 
surface.  Its  specific  gravity  in  this  state  is  2*36. 

Anhydrous  borax  consists  of 


Arfwedson.  Soubeiran. 

Soda 1 ....  32  ....  31-37  ....  31-4  ....  31-41G 

Boracic  acid 2 ....  70  ....  G8-G3  ....  G8-G  ....  87*584 


Anhydrous  biborate  of  soda  1 102  100*00  100*0  100*000 

and  the  common  crystallized  borax,  — NaO,2BO3,10HO,  of 


Kirwan.  Berzelius.  L.  Gmelin. 

Soda 1 ....  32  ....  IG-GG  ....  17  ....  1G*31  ....  17*8 

Boracic  acid  2 ....  70  ....  36*45  ....  34  ....  36*59  ....  35*6 

Water 10  ....  90  ....  4G*89  ....  49  ....  47*10  ....  46*G 


Prismatic  biborate  of  soda  1 192  100*00  100  100*00  100*0 

Sulphuric  acid  decomposes  this  salt,  producing  sulphate  of  soda  and 
boracic  acid  (p.  526).  It  is  also  decomposed  by  nitric  and  hydrochloric 
acids,  and  by  the  greater  number  of  the  vegetable  acids.  It  has  a place 
in  the  Pharmacopceia.  It  is  often  used  as  a blow-pipe  flux,  vitrifying 
the  greater  number  of  the  metallic  oxides,  and  forming  beads  of  different 
colors:  violet  with  manganese;  green  with  iron,  chromium,  and  copper; 
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blue  ’svitli  cobalt;  and  slightly  yellow  with  some  of  the  colorless  oxides. 
This  property  of  borax  renders  it  also  an  useful  ingredient  in  the  pastes 
which  are  manufactured  under  the  name  of  artificial  gems.  In  the 
reduction  of  the  metals  by  charcoal,  borax  is  often  useful  as  forming  a 
medium  through  which  the  globules  fall  and  collect  into  a button,  being 
at  the  same  time  protected  from  the  air.  At  the  potteries  it  is  used  in 
the  glazes  applied  to  the  better  kinds  of  earthenw^are,  and  to  porcelain. 
Alone,  or  mixed  with  phosphate  of  ammonia  or  soda,  borax  is  employed 
to  render  muslin  and  other  articles  of  dress,  as  also  paper,  wood,  and 
other  materials,  to  a certain  extent  incombustible ; this  it  does  by 
covering  them  with  a vitrifiable  glaze  by  which  the  access  of  air  is  pre- 
vented. (See  also  p.  426.)  Borax  is  also  used  in  the  process  of  sol- 
dering; when,  for  instance,  two  surfaces  of  copper  are  to  be  soldered 
together  they  are  scraped  or  rubbed  clean,  sprinkled  with  a mixture  of 
powdered  borax  and  solder-filings,  and  heated  till  the  solder  fuses  so  as 
to  alloy  with  the  copper  and  make  a perfect  joint : the  borax  not  only 
prevents  the  contact  of  air,  and  consequent  oxidation  of  the  metals,  but 
dissolves  any  oxide  accidentally  formed,  and  so  retains  the  surfaces  in 
that  perfectly  clean  state  which  is  requisite  for  their  union.  An  aqueous 
solution  of  borax  dissolves  several  of  the  resins,  and  some  of  these  solu- 
tions, especially  that  of  lac,  form  good  vehicles  for  coloring  materials. 

OcTOiiEDEAL  BoRAX.  Na0,2B03,5  HO.  This  salt,  discovered  by 
Payen,  contains  5 instead  of  10  atoms  of  water : it  is  obtained  by  dis- 
solving common  borax  in  boiling  water  till  the  solution  has  a specific 
gravity  1 *26 ; it  is  then  allowed  to  cool  slowly,  and  between  the  tempe- 
ratures of  174°  and  145°  it  deposits  octohedral  crystals ; below  that  tem- 
perature, the  ordinary  prismatic  crystals  are  formed.  Octohedral  borax 
is  harder  than  the  prismatic;  its  specific  gravity  is  1*8] 5 ; it  has  a bril- 
liant conchoidal  fracture,  and  is  preferred  for  brazing  and  soldering. 


Soda  

Boracic 

Water  

1 . 

2 . 

5 . 

...  32  .... 

...  70  .... 

...  45  .... 

21*81 
, 47*7  i 

, 30-5 

Payen . 

....  09*30 

....  30*04 

Octohedral  borax 

1 

147 

100*0 

100*00 

Borofluoride  of  Sodium,  NaF,BF3,  is  obtained  by  combining 
fluoride  of  sodium  with  fluoboric  acid : it  forms  prismatic  crystals  of  a 
bitter  and  sour  taste,  easily  soluble  in  water,  fusible  and  anhydrous. 
(Berzelius.)  By  dissolving  3 atoms  of  fluoride  of  sodium  and  1 of 
boracic  acid  in  boiling  w^ater,  rhomboidal  crystals  are  formed  on  cooling, 
“ 3NaF,B03,II0. 

Sodium  and  Potassium  form  an  allofi  which,  if  composed  of  1 part 
of  potassium  and  3 of  sodium,  remains  fluid  at  32°.  Equal  parts  of  the 
metals  form  a brittle  crystallizable  alloy. 

The  Salts  of  Sodium  are  soluble  in  w'ater,  and  generally  more  so  than 
the  corresponding  salts  of  potassa.  They  do  not  afford  any  precipitate 
either  with  perchloric  or  tartaric  acids,  inasmuch  as  the  perchlorate  and 
bitartrate  of  soda  are  very  soluble : nor  are  they  affected  by  the  addition 
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of  chloride  of  platinum.  With  sulphate  of  alumina  they  produce  soda 
alum,  Avhich,  however,  is  much  more  soluble  and  less  easily  crystallizahle 
than  potassa  alum,  so  that  soda  cannot  in  that  way  be  separated  from  its 
solutions.  According  to  Wackenroder  {Cliem.  Gaz.^  Nov.  1843),  a solu- 
tion of  antimoniate  of  potassa  gives  a precipitate  with  soda  salts,  hut 
none  with  those  of  potassa;  this  test,  however,  is  not  sufficiently  cha- 
racteristic to  he  relied  on.  (See  Antimonij.)  Before  the  blow-pipe, 
potash  and  soda  salts  may  may  be  distinguished  by  the  purple  tint  com- 
municated to  the  flame  by  the  former,  and  the  characteristic  yellow  of 
the  latter.  Dip  a clean  platinum  wire  into  the  solution  of  the  salt  to  he 
tested ; dry  it  over  a flame  of  pure  alcohol  burning  in  a small  saucer ; 
then  put  the  wire  into  the  blue  part  of  the  flame : if  potassa,  a rich 
purple  or  lilac  tint  is  given;  if  soda,  a bright  yellow;  these  appearances 
are  best  seen  in  a dark  corner : the  yellow  color  given  by  soda  is  more 
decided  than  the  purple  by  potassa,  so  that  smaller  quantities  of  the 
former  may  he  thus  recognized.  (Clark.)  When  potassa  or  a salt  of 
potassa  is  added  to  a globule  of  fused  borax  and  oxide  of  nickel  before 
the  blow-pipe,  they  communicate  to  it  a blue  color,  which  is  not  the  case 
with  soda  or  the  salts  of  soda.  But  the  best  distinction  between  these 
two  alkalis  is  found  in  the  perfectly  distinctive  characters  of  their 
respective  sulphates,  carbonates,  and  nitrates,  and  more  especially  in  the 
prismatic,  efflorescent,  fusible,  and  soluble  character  of  the  sulphate  soda, 
compared  with  the  corresponding  salt  of  potassa. 

§ III.  LITHIUM.  L.  7. 

In  the  analvsis  of  a mineral  found  in  the  mines  of  Utb,  in  Sweden, 
called  pc/rt/ifc,  M.  Arfwedson,  in  1817,  discovered  between  5 and  6 per 
cent,  of  an  alkaline  substance,  which  was  at  first  supposed  to  be  soda  ; 
but,  finding  that  it  required  for  its  neutralization  a much  larger  quantity 
of  acid  than  soda,  he  was  led  to  doubt  its  identity  with  that  alkali,  and 
the  further  prosecution  of  his  inquiries  demonstrated  that  it  possessed 
peculiar  properties.  The  mineral  called  triphane.,  or  spodumene^  also  from 
Uto,  and  found  also  at  Killiney,  near  Dublin,  affords  the  same  substance 
to  the  amount  of  nearly  9 per  cenl..^  and  it  exists  in  lejndolite,  in  some 
varieties  of  7nica.^  in  green  tourmaline^  and  aecording  to  Berzelius,  in  the 
■waters  of  Carlsbad  in  Bohemia,  of  Kissingen,  and  of  some  other  mineral 
springs : the  term  lithia,  deduced  from  its  lapideous  original  (Xt^ez-o?, 
lapideus).,  has  been  applied  to  it. 

The  following  is  Arfwedson  s mode  of  obtaining  lithia  from  the  peta- 
lile : Reduce  the  mineral  to  a fine  powder,  and  fuse  it  with  about  half 
its  weight  of  potassa ; dissolve  the  fused  mass  in  hydrochloric  acid,  filter, 
and  evaporate  to  dryness;  digest  the  residue  in  alcohol;  the  only  sub- 
stance present,  soluble  in  that  liquid,  is  the  chloride  of  lithium.^  wliich  is 
taken  up,  and  by  a second  solution  and  evaporation  is  obtained  pure.  It 
may  be  decomposed  by  digesting  carbonate  of  silver  in  its  aqueous  solu- 
tion, by  which  a carbonate  of  lithia  is  formed,  decomposable  by  lime,  in 
the  way  of  the  other  alkaline  carbonates. 

Berzelius  separates  lithia  from  spodumene  or  from  petalite  as  follows; 
One  part  of  the  mineral  is  reduced  to  a fine  powder  with  about  tAvo  parts 
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of  fluor-spar;  tliis  mixture  is  made  into  a tliin  paste  with  sulphuric  acid, 
and  heated  in  a si  Iyer  crucible  as  long  as  acid  vapors  are  given  ofl‘,  and 
ultimately  to  redness  nearly ; the  dry  mass  is  then  digested  in  water, 
filtered,  boiled  with  caustic  ammonia  to  precipitate  any  alumina  that  may 
be  present,  filtered  again,  and  evaporated  to  dryness : the  dry  mass,  after- 
having  been  heated  to  redness,  to  expel  sulphate  of  ammonia,  is  pure 
sulphate  of  lithia^  from  the  concentrated  solution  of  which  the  lithia  may 
he  thrown  down  in  the  state  of  carbonate^  by  carbonate  of  ammonia. 

Dumas  directs  as  follows  : Reduce  the  mineral  containing  lithia  to 
fine  powder,  mix  it  with  four  parts  of  carbonate  or  nitrate  of  baryta,  and 
expose  it  to  a high  heat  in  a platinum  crucible  for  an  hour  and  a half:  a 
compact  white  mass  is  obtained,  which  is  partially  soluble  in  dilute 
hydrochloric  acid  ; evaporate  this  solution  till  the  chlorides  remain  dry : 
the  silica  may  be  separated  by  washing  the  residue  in  boiling  water, 
filtering  the  liquor,  and  washing  the  filter ; the  silica  remains  u^mn  the 
filter.  The  filtered  liquor  contains  the  chlorides  of  lithium,  aluminum, 
barium,  and  iron ; add  to  it  a sufficiency  of  sulphuric  acid  to  precipitate 
the  barium  and  decompose  the  chlorides;  saturate  the  excess  of  acid  by 
ammonia,  and  add  carbonate  of  ammonia  to  the  diluted  neutralized 
solution,  which  precipitates  alumina  and  oxide  of  iron.  One  filtration  is 
sufficient  to  separate  these  precipitates,  and  the  liquor  then  contains  sul- 
phate and  hydroclilorate  of  ammonia,  and  sulphate  of  lithia;  evaporate 
it  to  dryness,  drive  off  the  volatile  salts,  and  pure  sulphate  of  lithia  re- 
mains. Dissolve  the  sulphate  of  lithia  in  water,  and  add  a sufficiency  of 
baryta  water  to  precipitate  the  sulphuric  acid ; the  lithia  remains  in 
solution  and  may  be  obtained  by  evaporating  the  filtered  liquor  to  dry- 
ness. Or  the  sulphate  of  lithia  may  be  decomposed  by  acetate  of  baryta; 
filter  and  evaporate  the  solution  of  acetate  of  lithia  to  dryness,  heat  the 
residue  in  a platinum  crucible,  and  fused  "carbonate  of  lithia  remains : 
powder  and  dissolve  it  in  hot  w-ater,  and  boil  it  with  hydrate  of  lime, 
by  which  it  is  decomposed,  and  on  filtering,  carbonate  of  lime  remains, 
and  a solution  of  pure  lithia  is  obtained.  A number  of  other  processes 
have  been  devised  for  the  separation  of  lithia,  abstracts  of  which  are  given 
by  Gmelin.  {Handbuch.) 

Protoxide  of  Lithium.  Lithia,  LO,  is  a white  caustic  substance, 
and  when  submitted,  in  the  state  of  hydrate,  to  the  action  of  the  Voltaic 
pile,  it  is  decomposed  with  the  same  phenomena  as  potassa  and  soda ; a 
white  and  highly  combustible  metal  is  separated  at  the  negative  pole. 
The  properties  of  this  metal  have  not  been  examined. 

Hydrate  of  lithia  is  less  soluble  in  water  than  potassa  or  soda ; its 
solution  tastes  acrid  like  the  other  fixed  alkalis,  and  exhibits  a powerful 
alkaline  reaction  upon  test-papers.  It  is  sparingly  soluble  in  alcohol.  It 
does  not  deliquesce  by  exposure,  but  absorbs  carbonic  acid  and  becomes 
opaque  : it  affords  no  precipitate  with  chloride  of  platinum,  in  which  it 
differs  from  potassa,  but  resembles  soda.  It  attacks  platinum  in  its  pure 
and  carbonated  state,  and  hence  must  be  fused  in  a silver  crucible.  It 
probably  forms  a peroxide.  Vlien  its  salts  are  heated  on  platinum 
before  the  blow-pipe,  they  tinge  the  flame  red.  Its  principal  distinctive 
characters  are  found  in  its  salts. 

Direct  experiments  upon  the  composition  of  lithia  are  yet  wanting. 


632 


SALTS  OF  LITHIUM. 


By  calculation  from  the  composition  of  the  sulphate,  as  analyzed  hy 
Yauquelin,  it  would  appear  to  contain  about  55-2  lithium +44-8  oxygen; 
hy  other  experimentalists,  nearly  the  same  results  have  been  admitted;  so 
that  the  number  10  has  been  generally  assumed  as  the  equivalent  of 
lithium ; but  from  the  analysis  of  some  of  its  salts  by  Hermann,  of 
Moscow  (Poggend.^  xv.),  as  also  by  C.  Gmelin,  it  appears  that  its  atomic 
weight  lies  between  6 and  7 • I shall  employ  the  latter  number.  (6'4 
Gmelin.  6 Hermann.) 


Lithium I ....  7 ....  46-7 

Oxygen I ....  8 ....  63'3 

Lithia 1 15  lOO’O 


Chloride  of  Lithium.  This  compound  is  obtained  hy  dissolving 
lithia  or  its  carbonate  in  hydrochloric  acid,  evaporating  the  solution  to 
dryness,  and  fusing  it  out  of  the  contact  of  air : it  is  a white  semi- 
transparent substance.  It  dilfers  from  the  chlorides  of  potassium  and 
sodium,  in  being  extremely  deliquescent ; in  being  soluble  in  absolute 
alcohol;  in  being  decomposed  when  strongly  heated  in  the  open  air,  when 
it  loses  chlorine,  absorbs  oxygen,  and  becomes  highly  alkaline ; in  being 
very  difficultly  crystallizable  in  cubes;  and  in  tinging  the  flame  of  alcohol 
of  a red  color.  It  consists  of 


Hermann.  Gmelin. 

Lithium. 1 ....  7 ....  16*28  ....  14*66  ....  18*43 

Chlorine  1 ....  36  ....  83*72  ....  85*34  ....  81*57 


Chloride  of  lithium  ....  1 43  100*00  100*00  100*00 

"When  chloride  of  lithium  deliquesces  in  the  air,  the  solution  gradually 
yields  four-sided  prismatic  crystals : when  touched,  they  become  opaque, 
and  crumble  : they  contain  46  per  cent,  of  water  LiCl  + 4HO. 

Chlorate  of  Lithia.  L0,C105,H0.  Chloric  acid  saturated  with 
carbonate  of  lithia  and  evaporated  in  vacuo  over  sulphuric  acid  yields  a 
radiated  crystalline  mass,  deliquescent,  soluble  in  alcohol,  and  containing 
14*59  per  cent,  of  lithia.  (Waechter.) 

Lithium  and  Iodine.  The  action  of  iodine  on  lithium  has  not  been 
investigated,  nor  has  the  iodide  of  lithium  been  obtained  by  the  action  of 
hydriodic  acid  upon  lithia  or  its  carbonate.  The  aqueous  solution  of 
iodate  of  lithia  gives  an  anhydrous  salt  on  evaporation,  soluble  in  2 parts 
of  cold,  and  in  not  much  less  boiling  water.  (Rammelsberg,  Poggend.^ 
xLiv.  555.) 

Lithium  and  Bromine.  The  aqueous  solution  of  hromate  cf  lithia 
evaporated  in  vacuo  over  oil  of  vitriol  yields  very  deliquescent  acicular 
crystals.  {Poggejid.,  lv.  63.) 

Fluoride  of  Lithium  is  very  difficultly  soluble.  Its  solution  deposits 
small  opaque  crystals.  (Berzelius.) 

Nitrate  of  Lithia.  L0,N05,  is  a very  soluble  and  extremely  deli- 
quescent salt,  fusible  and  decomposed  by  heat:  its  taste  is  cooling;  it 
crystallizes  in  rhombic  and  acicular  prisms ; and  is  soluble  in  alcohol. 
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SuLPHURET  OP  Lithium.  The  action  of  sulphur  on  lithium  and  lithia 
appears  analogous  to  its  action  on  potassium  and  potassa,  but  the  com- 
pounds have  not  been  precisely  examined. 

Sulphate  of  Lithia.  L0,S03.  The  anhydrous  salt  is  white  and 
difficultly  fusible,  unless  sulphate  of  lime  be  present,  when  it  fuses  below 
redness ; its  taste  is  saline,  but  not  bitter.  It  consists  of 

C.  Gmelin.  Hermann. 

Lithia 1 ....  15  ....  27’27  ....  27*94  ....  26 

Sulphuric  acid  1 ....  40  ....  72’73  ....  72*06  ....  74 

Anhydrous  sulphate  of  lithia  1 55  100*00  100*00  100 

The  crystals  of  sulphate  of  lithia  are  rhombic  prisms  and  plates, 
slightly  efflorescent ; they  decrepitate  when  heated,  and  lose  water  without 
fusing  ; they  are  easily  soluble  in  water  and  alcohol.  They  consist  of 


Ilagen.  Arfwedson.  Hermann. 

Lithia 1 ....  15  ....  23*44  ....  22*61  ....  27*3) 

Sulphuric  acid  1 ....  40  ....  62*50  ....  62*42  ....  58*4  j ”**  ' 

Water  1 ....  9 ....  14*06  ....  14*97  ....  14*3  ....  14*3 


Crystallized  sulphate  of  lithia  1 64  100*00  100*00  100*0  100*0 

Bisulphate  of  Lithia.  L0,2S03,  has  been  described  as  crystallizing 
in  hexangular  tables;  but  Berzelius  denies  that  it  is  a distanct  salt : he, 
however,  admits  that  sulphate  of  lithia  forms  larger  crystals  when  the 
solution  contains  excess  of  acid. 

Phosphate  of  Lithia  has  been  examined  by  Gmelin : it  may  be 
obtained  by  adding  phosphoric  acid  to  sulphate  of  lithia  ; no  precipitate  is 
at  first  formed,  but  on  adding  excess  of  ammonia,  an  insoluble  phosphate 
of  lithia  falls.  This  property  enables  us  to  separate  lithia  from  potassa 
and  soda.  The  phosphate  of  lithia  may  be  decomposed  by  dissolving  it 
in  acetic  acid,  and  adding  acetate  of  lead  : acetate  of  lithia  remains  in 
solution. 

Ammonio-phosphate  of  Lithia  falls  in  crystalline  grains,  when  a 
mixed  solution  of  a salt  of  lithia  and  phosphate  of  ammonia  is  evapo- 
rated ; the  phosphate  must  not  be  in  excess,  and  the  solutions  should  be 
concentrated,  and  the  evaporation  slow,  lest  the  ammonia  escape  and  the 
liquid  become  sour.  This  salt  resembles  the  ammonio-magnesian  phos- 
phate in  appearance,  and  it  is  fusible  and  evolves  ammonia ; but  when 
heated  with  nitrate  of  cobalt,  it  becomes  blue,  whereas  the  magnesian 
salt  becomes  red.  (Berzelius.) 

Phosphate  of  Soda  and  Lithia  is  obtained  when  a salt  of  lithia  is 
mixed  with  phosphate  of  soda  and  evaporated  to  dryness.  The  solution 
at  first  becomes  turbid;  but  the  double  salt  is  chiefly  formed  during  the 
drying  of  the  mass,  which  when  digested  in  a little  water  leaves  it  in  the 
form  of  a light  white  powder.  It  is  insoluble  in  fluids  containing  phos- 
phoric salts,  very  sparingly  soluble  in  cold  water,  and  somewhat  more 
soluble  in  boiling  water.  This  salt,  after  exposure  to  a red  heat,  contains 
15*08  per  cent,  of  lithia.  It  is  so  sparingly  soluble  in  water  that  it  may 


634  SALTS  OF  LITHIUM. 

be  resorted  to  for  the  discoveiy  of  small  traces  of  lithiain  solutions,  wbicli 
for  this  purpose  must  be  mixed  'vvitli  carbonate  of  soda,  evaporated  to 
dryness,  the  residue  heated  red-hot  and  redissolved  in  water,  by  which 
all  other  salts  precipitable  by  phosphoric  acid  are  got  rid  of ; phosphate 
of  soda  is  then  added  to  the  solution,  and  it  is  evaporated  to  perfect  dry- 
ness ; Avhen  this  residue  is  acted  on  by  water,  the  double  phosphate 
remains  undissolved.  In  appearance  it  resembles  phosphate  of  lime  or 
magnesia,  from  which  it  may  be  distinguished  as  follows:  fused  with  car- 
bonate of  soda  upon  platinum-foil  it  is  transparent,  but  becomes  turbid  on 
cooling,  whereas  the  earthy  salts  do  not  fuse  in  this  way  with  the  alkali; 
if  the  fusion  be  performed  on  charcoal,  the  fused  double  salt  is  absorbed, 
but  the  earthy  salts  remain  upon  the  charcoal.  (Berzelius.) 

Carbonate  op  Litiiia.  L0,C02.  AVhen  a strong  solution  of  carbo- 
nate of  ammonia  is  added  to  sulphate  of  lithia,  a white  precipitate  of 
carbonate  of  lithia  is  formed.  According  to  Dumas,  it  is  best  formed 
by  decomposing  sulphate  of  lithia  by  acetate  of  baryta,  and  calcining  the 
resulting  acetate  of  lithia;  the  small  remaining  portions  of  carbonate  of 
baryta  and  carbon  are  removed  by  digestion  in  boiling  water  and  filter- 
ing; by  slow  evaporation  a crust  of  very  small  prismatic  crystals  of  car- 
bonate of  lithia  separates. 

Carbonate  of  lithia  requires  at  least  100  parts  of  water  at  60^  for  its 
solution;  (very  difficultly  soluble,  or  according  to  some  insoluble,  in  cold 
ivater.)  It  is  insoluble  in  alcohol.  It  is  fusible,  and  alkaline;  it  effer- 
vesces with  acids;  a solution  containing  only  1-lOOOth  of  its  weight,  acts 
strongly  upon  vegetable  colors.  It  is  decomposed  by  lime  and  baryta. 


It  consists  of 

C.  Gmelin.  Hermann.  Schaffgotscli. 

Lithia  1 ....  15  ....  40-54  ....  45-54  ....  39  ....  39-83 

Carbonic  acid 1 ....  22  ....  59-46  ....  54-46  ....  61  ....  60-17 


Carbonate  of  lithia  1 37  100-00  100-00  100  100-00 

Bicarbonate  of  Litiiia.  Carbonate  of  lithia  is  slightly  soluble  in 
water  impregnated  with  carbonic  acid.  It  is  said  to  occur  in  this  state  in 
some  mineral  waters  in  Bohemia.  By  spontaneous  evaporation,  the  car- 
bonate separates  in  the  form  of  a crystalline  crust. 

Borate  of  Litiiia  much  resembles  borate  of  soda : it  is  alkaline  to 
tests. 

Characters  of  the  Salts  op  Lithia.  It  appears  from  the  preceding 
statement,  that  lithia  is  distinguished  from  potassa  and  soda  by  its  greater 
saturating  poAver  in  respect  to  acids:  that  is,  by  its  loAver  equivalent 
number ; and  by  forming  difficultly-soluble  salts  Avith  25hosphoric  and 
carbonic  acids.  Chloride  of  lithium  is  highly  deliquescent,  and  dissoh^es 
in  strong  alcohol,  Avhich  enables  us  to  separate  it  from  the  chlorides  of 
potassium  and  of  sodium.  This  solution  burns  Avith  a purplish  flame, 
and  the  same  tint  is  communicated  to  the  flame  of  the  bloAV-pipe  Avhen 
any  salt  of  lithia  is  fused  upon  a thin  slip  of  platinum-foil;  they  also  cor- 
rode that  metal,  and  leave  a yelloAv  sjiot  at  the  point  of  action.  The 
influence  of  the  presence  of  soda  in  this  detection  of  lithia,  has  been 
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noticed  b}'  Stein.  {CJi.  Gaz.^  June,  1844.)  Litliia  is  distinguislied  from 
the  alkaline  earths  by  forming  soluble  salts  -with  sulphuric  and  oxalic 
acids,  and  by  the  alkaline  re-action  of  its  carbonate  upon  vegetable 
colors.  Its  salts  are  not  precipitated  by  ferrocyanide  of  potassium,  nor  by 
infusion  of  galls,  nor  by  chloride  of  platinum,  nor  by  caustic  potassa:  the 
precipitate,  by  carbonate  of  ammonia,  being  carbonate  of  lithia,  redis- 
solves when  the  licjuid  is  diluted  and  boiled. 


§ lY.  CALCIUM.  Ca.  20. 

The  existence  of  calcium^  as  the  metallic  base  of  lime,  was  first  demon- 
strated by  Davy  in  1808;  he  found  that  when  moistened  lime  Avas  rendered 
electro-negative  in  contact  with  mercury,  an  amalgam  Avas  formed,  AAUich, 
by  distillation,  afforded  a Avhite  metal:  Avhen  this  metal  AA'as  exposed  to 
air,  and  gently  heated,  it  burned,  and  produced  oxide  of  calcium^  or  lime. 
Our  knoAvledge  of  calcium  is  almost  limited  to  this  single  experiment, 
and  it  has  never  been  obtained  in  sufficient  quantity  to  ascertain  its  gene- 
ral properties  : its  equivalent^  as  determined  by  evidence  to  which  Ave 
shall  presently  recur,  may  be  considered  as=20.  20'5,  Berzelius.  20*5, 
Turner.  20,  Gmelin.  20,  Dumas.  {Comptes  rendus^  xiv.  546.)  20, 

Erdmann  and  Marciiand,  {Ann.  Ch.  et  P/o,  Juin,  1843.) 

Oxide  of  Calcium.  Lime.  Quick  Lime.  CaO.  Lime  may  be 
obtained  in  a state  of  considerable  purity  by  exposing  poAvdered  Avhite 
marble  to  a Avhite-heat  for  an  hour,  in  an  open  crucible,  AA'liicli  expels  the 
carbonic  acid.  To  obtain  absolutely  2)ure  lime,  AA’hite  marble  may  be 
dissolved  in  dilute  hydrochloric  acid,  a little  caustic  ammonia  added  to 
the  solution,  and  filtered ; carbonate  of  ammonia  is  then  added,  and  the 
precipitate  Avashed,  dried,  and  exposed  for  a sufficient  time  to  a AA'hite- 
heat.  This  exposure  to  heat  must  ahA-ays  take  place  in  an  open  vessel, 
for  in  a close  vessel,  out  of  the  contact  of  air,  the  decomposition  of  car- 
bonate of  lime  is  very  imperfect:  indeed,  poAvdered  marble  may  be  kept 
for  many  hours  at  a red-heat,  Avithout  losing  any  carbonic  acid,  provided 
air  and  moisture  be  carefully  excluded;  but  AA'hen  a current  of  air  or 
steam  is  passed  over  it,  they  constitute  a medium  into  Avhich  carbonic 
acid  has  a tendency  to  diffuse.  (See  p.  138  and  300;  also  Graham’s  Ele- 
ments.^ p.  1870  obtain  lime  perfectly  free  from  all  traces  of  carbonic 
acid,  the  carbonate  should  first  be  heated  in  an  open  vessel,  the  lime  thus 
obtained  converted  into  a hydrate.,  and  this  again  heated  : all  residuary 
carbonic  acid  is  thus  effectuall}'  expelled. 

Pure  lime  is  AA’hite,  or  of  a very  pale  grey  tint ; it  is  acrid  and  caustic, 
and  has  a poAverful  alkaline  reaction  on  the  usual  tests;  its  specific  gravity 
is  3’08  (Dumas),  3*2  (Richter)  : it  is  very  difficult  of  fusion,  but  re- 
markably promotes  the  fusion  of  some  other  oxides,  and  is  therefore  used 
in  several  metallurgic  processes  as  a cheap  and  poAverful  flux.  When 
quite  pure  it  can  only  be  fused  in  A^ery  minute  particles  by  the  oxygen 
bloAV-pipe,  or  by  the  Voltaic  flame.  When  intensely  heated,  as,  for 
instance,  by  the  oxyhydrogen  bloAA’-pipe,  it  is  remarkable  for  its  lumi- 
nosity; and  at  this  very  high  temperature  a minute  quantity  is  volatilized 
(p.  127).  It  is  an  essential  ingredient  in  mortar  and  other  cements  used 
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in  building.  Exposed  to  air  it  absorbs  water  and  tlien  carbonic  acid,  and 
losing  its  causticity  becomes  partially  converted  into  carbonate  of  lime ; 
so  that  when  used  for  agricultural  purposes  it  should,  generally  speaking, 
be  speedily  ploughed  in,  and  not  left  in  heaps  upon  the  surface  so  as  to 
acquire  carbonic  acid : in  its  caustic  state  it  is  most  active  in  the  destruc- 
tion of  vermin,  and  in  effecting  chemical  changes  upon  the  organic  and 
inorganic  constituents  of  the  soil.  Its  powerful  affinity  for  water  renders 
it  useful  in  various  cases  of  dehydration,  as  in  drying  certain  gases,  and 
abstracting  the  water  from  alcohol  and  some  other  liquids  : in  the  state 
of  hydrate,  or  diffused  through  water  (cream  and  milk  of  lime,)  it  is  also 
used  as  an  absorbent  of  carbonic  acid : when  perfectly  dry  it  does  not 
absorb  that  gas.  Lime,  being  the  protoxide  of  calcium,  consists  of 


Berzelius.  Davy. 

Calcium  1 ....  20  ....  71-43  ....  71-91  ....  72-8 

Oxygen  1 ....  8 ....  28*57  ....  28*09  ....  27*2 


Lime  1 28  100*00  100*00  100*0 


Hydrate  of  Lime.  Slaked  Lime.  CaO,HO.  When  a small  quan- 
tity of  water  is  poured  upon  lime,  a great  rise  of  temperature  ensues  from 
the  solidification  and  combination  of  a portion  of  the  water,  and  a bulky 
white  powder  is  obtained,  which  is  a hydrate.  The  rise  of  temperature  is 
so  great  when  large  heaps  of  good  lime  are  suddenly  slaked,  as  to  inflame 
gunpowder  and  scorch  wood;  it  certainly  exceeds  500°,  and  when  the 
operation  is  performed  in  a dark  place  light  is  also  evolved.  (Pelletier.) 
When  ice,  or  snow,  and  lime  are  mixed,  there  is  a similar  production  of 
heat,  so  that  the  effect  cannot  be  regarded  as  merely  dependent  upon  the 
evolution  of  the  latent  heat  of  the  water ; it  is  also  partly  the  result  of 
chemical  combination. 

Hydrate  of  lime  may  be  obtained  in  a crystalline  form  by  placing 
lime-water  under  the  receiver  of  an  air-pump,  containing  another  vessel 
of  sulphuric  acid.  The  water  is  thus  slowly  evaporated,  and  imperfect 
six-sided  crystals  are  formed.  (Gay  Lussac,  Ann.  Ch.  et  Ph.^  i.  334.)  In 
composition  these  crystals  resemble  the  pulverulent  hydrate.  Exposed  to 
the  air,  they  gradually  crumble  down  into  carbonate  of  lime.  Hydrate  of 
lime  is  a compound  of 


Dalton.  G.ay  Lussac. 

Crystallized, 

Lime 1 ....  28  ....  75*7  ....  75  ....  76*25 

Water 1 ....  9 ....  24*3  ....  25  ....  23*75 


Hydrate  of  lime  1 37  lOO’O  100  lOO'OO 


Lime-water.  At  a temperature  of  60°,  750  parts  of  water  are  re- 
quired for  the  solution  of  one  part  of  lime.  Boiling  water,  however,  as 
Dalton  first  observed  {New  System  of  Chem.  Phil.),  does  not  dissolve  so 
large  a quantity;  one  part  of  lime  requires,  according  to  Phillips,  1280 
parts  of  water  at  212°  for  its  solution  [Ann.  of  Phil.  N.S.,  i.  107)  ; and 
water  at  32°  has  its  solvent  powder  much  augmented,  one  part  of  lime 
being  soluble  in  656  of  water  at  that  temperature.  When  lime-water  is 
boiled,  a portion  of  the  lime  is  therefore  precipitated ; or  aggregated,  ac- 
cording to  Phillips,  into  small  crystalline  grains.  The  cause  of  this 
crystallization  he  refers  “ to  the  effect  which  heat  sometimes  produces,  of 
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increasing  instead  of  diminishing  the  attraction  of  cohesion,  where  this 
attraction  is  associated  with  a tendency  to  crystallize.  This  crystalline 
attraction,  increased  hy  that  of  the  lime  for  a definite  portion  of  water,  is 
then  greater  than  the  attraction  of  the  hydrate  of  lime  for  the  water  of 
solution,  and  the  consequence  is  that  crystals  are  formed.”  Lime-water 
is  limpid  and  colorless;  its  taste  is  nauseous  and  alkaline,  and  although 
the  quantity  of  lime  wdiich  it  contains  is  relatively  small,  its  alkaline  re- 
action upon  tests  is  very  marked ; it  powerfully  reddens  turmeric,  and 
changes  the  blue  of  violets  and  cabbage  liquor  to  green.  It  is  usually 
prepared  hy  pouring  warm  wmler  upon  powdered  lime,  and  allowing  the 
mixture  to  cool  in  a close  vessel ; the  clear  part  is  then  decanted  from  the 
remaining  undissolved  portion  of  lime;  hut  Klihlmann  observes,  that  as 
common  lime  contains  small  quantities  of  the  salts  of  potassa  and  soda, 
the  water  first  poured  upon  it  may  hold  caustic  potassa  and  soda  and 
some  of  their  salts  in  solution ; to  these  he  ascribes  the  stronger  alkaline 
taste  and  reaction  of  such  lime-waters  ; the  purer  lime-water  is  obtained 
hy  employing  the  hydrate  of  lime  from  Avhich  the  first  washings  have 
been  poured  off.  When  lime-water  is  exposed  to  the  air,  a pellicle  of 
carbonate  of  lime  forms  upon  its  surface,  which,  if  broken,  is  succeeded 
by  others,  until  the  whole  of  the  lime  is  thus  separated  in  the  form  of  an 
insoluble  carbonate.  Lime-w^ater  is  used  in  medicine  as  an  antacid. 

Peroxide  of  Calcium.  Binoxide  of  Calcium.  Ca02.  A hydrated 
peroxide  of  calcium  is  thrown  down  in  the  form  of  small  brilliant  scales, 
according  to  Thenard,  when  lime-water  is  dropped  into  oxygenated  water. 
{Ann.  Ch.  et  Ph.^  viii.  313.) 

Chloride  of  Calcium.  Muriate  of  Lime.  CaCl.  This  compound 
occurs  in  sea-water  and  in  some  saline  springs  and  mineral  waters,  where 
it  is  generally  accompanied  hy  traces  of  bromine  and  sometimes  of  iodine. 
It  is  formed  hy  heating  lime  in  chlorine,  in  which  case  oxygen  is 
evolved  equal  in  volume  to  half  that  of  the  absorbed  chlorine.  It  is  also 
formed  when  carbonate  of  lime  is  decomposed  hy  the  action  of  hydro- 
chloric acid  (Ca0,C02 -l-IICl=CaCl  + HO -}- CO2,)  the  resulting  solution 
is  evaporated  to  dryness,  and  the  residue  exposed  to  a red  heat  in  closed 
vessels.  It  has  a strong  attraction  for  water  ; it  soon  deliquesces  when 
exposed  to  air,  and  becomes  wdiat  used  to  be  called  oil  of  lime.  Hence 
it  is  that  fused  chloride  of  calcium,  broken  into  small  pieces,  is  frequently 
employed  to  deprive  gases  of  their  aqueous  vapor ; hut  wLen  thus  used,  its 
absorptive  powers  in  regard  to  some  gases  must  not  he  overlooked.  It 
has  also  been  remarked  that  hy  fusion  it  acquires  a slight  degree  of  alka- 
linity from  partial  decomposition ; hence  in  accurate  hygrometric  analyses 
the  strongly  dried  salt  has  been  preferred  to  that  which  has  undergone 
fusion.  It  is  also  in  consequence  of  its  affinity  for  water  that  it  is  used 
occasionally  as  a means  of  depriving  alcohol,  ether,  and  other  liquids,  of 
water,  for  wdiich  purpose  they  are  generally  distilled  off  dry  chloride  of 
calcium.  Its  taste  is  bitter  and  acrid.  One  part  of  water  at  60°,  dis- 
solves four  parts  of  this  chloride ; its  solubility,  however,  is  greatly 
influenced  hy  temperature,  for  at  32°  one  part  of  water  wall  not  dissolve 
more  than  two  of  the  salt,  and  at  212°  it  takes  up  nearly  any  quantity. 
It  is  copiously  soluble  in  alcohol,  and  much  heat  is  evolved  during  the 
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solution.  Ten  parts  of  anhydrous  alcohol  dissolve  seven  of  chloride  of 
calcium  at  the  boiling-point,  and  the  solution  in  cold  'weather  affords 
crystals  in  rectangular  scales,  'which  are  an  alcoate  containing  about  60 
per  cent,  of  alcohol  instead  of  water  of  crystallization.  (Graham.)  When 
fused  it  acquires  a phosphorescent  property,  as  was  first  observed  by 
Homberg,  and  hence  it  was  termed  Homherg  s phosphorus.  It  is  pro- 
duced in  the  manufacture  of  carbonate  of  ammonia,  from  the  decompo- 
sition of  hydrochlorate  of  ammonia  by  lime,  and  hence  it  was  formerly 
called  Jixed  sal-ammoniac.  (See  pp.  439  and  468.)  Chloride  of  calcium 


consists  of 

Ure,  Dobereincr. 

Calcium 1 ....  20  ....  35-7  ....  SO'?  ....  38*4G 

Chlorine  1 ....  36  ....  64*3  ....  633  ....  61-54 


Chloride  of  calcium  1 56  lOO’O  100-0  100  00 

Pelletier  sa3's  that  when  carbonic  acid  is  passed  through  a solution  of 
chloride  of  calcium,  the  whole  becomes  a hard  solid  mass.  If  sulphuric 
acid  he  poured  into  a strong  solution  of  chloride  of  calcium,  the  whole 
congeals  into  a solid  mass  of  sulphate  of  lime,  and  h^Tlrochloric  acid 
escapes.  A solution  of  chloride  of  calcium  is  used  in  medicine  as  an 
alterative,  especially  in  scrofulous  glandular  affections. 

Hydrated  Chloride  of  Calcium  is  obtained  by  evaporating  the 
aqueous  solution  to  the  consistence  of  a thick  syrup  ; on  cooling,  it  con- 
cretes into  a crystalline  mass,  which  may  be  reduced  to  powder,  which 
is  CaCl,2HO ; in  this  state  it  is  used  in  frigorific  mixtures,  to  mix  with 
snow.  (p.  69.)  By  exposing  a strong  aqueous  solution  of  chloride  of 
calcium  to  a cold  of  32^,  it  ^delds  striated  four-sided  prismsrir  CaCl,6HO, 
or  consisting  of 

Berzelius. 

Chloride  of  calcium 1 ....  56  ....  50-9  ....  50-4 

Water  6 ....  54  ....  49-1  ....  49*6 

Crystallized  hydrated  chloride  of  calcium  1 110  100-0  100-0 

Oxychloride  of  Calcium.  When  hydrate  of  lime  is  boiled  in  a 
solution  of  chloride  of  calcium,  it  is  dissolved,  and  if  the  solution  be 
filtered  while  hot,  it  deposits  flat  prismatic  crystals  which  contain  49  per 
cent,  of  water,  and  which  are  decomposed  both  by  water  and  alcohol. 
These  crystals  are  composed  of  3 equivalents  of  lime,  I of  chloride  of 
calcium,  and  15  of  water. 

Ammonioctiloride  of  Calcium.  Faraday  has  shown  (Qw<7/-/. 

V.  74)  that  chloride  of  calcium  absorbs  large  quantities  of  ammoniacal 
gas,  during  which  it  swells,  cracks,  splits  in  all  directions,  and  at  last 
crumbles  down  into  a white  powder.  Exposed  to  the  atmosphere,  it  de- 
liquesces less  rapidly  than  the  original  chloride.  Thrown  into  water  it 
dissolves,  forming  a strong  alkaline  solution.  Heated,  it  gives  off  am- 
monia, and  the  chloride  remains  unchanged.  Immersed  into  chlorine, 
the  ammonia  burns  off  spontaneously  with  a pale-yellow  flame.  Faraday 
found  that  19  grains  of  this  compound  gave  off  19*4  cubic  inches  of  am- 
monia, which  would  indicate  it  as  a compound  of  1 equivalent  of  chloride 
of  calcium  =56,  and  1 of  ammonia  = 17-  But  according  to  IL  Rose 
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(Pogge?id.,  XX.,  154),  wlien  the  chloride  is  saturated  by  ammonia,  it  is 
CaCl,4NIl3:  that  is,  it  contains  55  pe?'  cent,  of  ammonia. 

Chloride  of  Lime.  Oxymuriate  op  Lime.  Hypochlorite  of 
Lime.  This  compound  is  abundantly  employed  as  a bleaching  material ; 
it  Mas  first  manufactured  by  Mr.  Tennant,  of  Glasgow,  who  obtained  a 
patent  for  it  in  1799;  it  "was  made  bypassing  chlorine  into  chambers 
containing  hydrate  of  lime  in  fine  powder,  by  which  the  gas  is  copionsly 
absorbed,  care  being  taken  to  suppress  the  extrication  of  heat.  An  account 
of  the  apparatus  and  machinery  employed  by  the  MLolesale  makers  of  this 
article,  together  wdth  remarks  upon  its  composition  and  analysis,  will  be 
found  in  Lire’s  Pictionarg  of  Arts  and  Manufactures.  It  is  a dry  white 
poNvder,  smelling  feebly  of  chlorine,  and  having  an  acrid  taste  : it  is  par- 
tially soluble  in  water,  and  the  solution  is  used  under  the  name  of  hleach- 
ing-liquor.  Exposed  to  air  it  slowly  evolves  chlorine  (or  hypochlorous 
acid,)  and  absorbs  carbonic  acid;  ultimately  some  chloride  of  calcium  is 
formed,  and  it  deliquesces.  When  heated,  it  gives  off  oxygen,  and  chlo- 
ride of  calcium  results,  an  experiment  which  shows  the  superior  attrac- 
tion of  calcium  for  chlorine  as  compared  with  oxygen,  the  latter  being 
expelled  from  the  lime. 

The  solution  obtained  by  digesting  bleaching-po'wder  in  distilled  water 
has  a strong  alkaline  reaction  upon  most  of  the  usual  tests,  and  its 
bleaching  poAver  is  only  sloAvly  developed  unless  some  acid  be  added, 
Avhen  it  is  powerful  and  immediate:  thus  it  is  that  the  calico-printers 
produce  Avhite  figures  upon  colored  ground,  by  printing  the  pattern  in- 
tended to  be  brought  out  upon  the  colored  calico,  in  citric  or  tartaric  acid 
thickened  Avith  starch  or  gum;  the  goods  are  then  rapidly  wound  through 
a properly  adjusted  solution  of  chloride  of  lime,  and  the  bleaching  poAver 
only  shoAvs  itself  where  the  acid  pattern  had  been  previonsly  applied  ; in 
the  same  Avay  a solution  of  the  chloride  may  be  colored  blue  by  litmus, 
or  green  by  red  cabbage,  or  broAvn  by  turmeric,  and 
on  the  addition  of  a feAV  drops  of  acid  the  color 
immediately  disappears.  By  exposure  to  air  the 
absorption  of  carbonic  acid  effects  the  same  change, 
and  the  evolution  of  that  acid  in  respiration  is  Avell 
shoAvn  by  tinging  a Aveak  solution  of  chloride  of 
lime  blue  by  litmus,  and  then  breathing  throngh  it 
by  means  of  a tube,  Avhen  the  blue  color  gradually 
disappears.  (Taylor.) 

Dr.  Ure  has  contrived  an  instrument  for  the 
speedy  analysis  of  bleaching-poAvder  for  the  pur- 
poses of  the  manufacturer,  by  Avhich  the  quantity  of 
chlorine  in  any  given  sample  may  be  determined. 
ifluart.  Journ..,  xiii.  21.)  “It  consists  of  a glass 
tube,  of  about  five  cubic  inches  capacity,  shaped 
as  in  the  adjoining  figure,  and  graduated  into 
cubic  inches  and  tenths.  It  is  to  be  closed  at  top 
AA’ith  a brass  scrcAv  cap,  and,  at  its  recurved  end 
beloAAg  Avith  a good  cork.  Pour  mercury  into  the 
upper  orifice,  till  the  tube  be  nearly  full,  leaving 
merely  space  to  insert  ten  grains  of  the  bleaching- 
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powder,  made  into  a pellet-form  with  a drop  of  water.  Screw  in  the 
cap-plug  rendered  air-tight  by  leather.  Remove  now  the  cork  from 
the  lower  end,  (also  full  of  mercury,)  and  replace  a little  of  the  liquid 
metal  by  dilute  hydrochloric  acid  (specific  gravity  I'L)  By  dexterous 
inclination  of  the  instrument,  the  acid  is  made  to  flow  up  through  the 
mercury.  Instantly  on  its  coming  into  contact  with  the  pellet,  the 
chlorine  is  disengaged,  the  mercury  flows  out  into  a basin  ready  to 
receive  it,  while  the  resulting  film  of  muriate  of  lime  protects  the  sur- 
face of  the  metal  almost  completely  from  the  gas.  With  an  apparatus 
of  this  kind,  which  indeed  is  the  same  as  that  which  I have  long  used 
for  analyzing  limestones  and  marbles,  I get  good  accordances  with  the 
results  derived  from  the  loss  of  weight  suffered  by  a like  quantity  of 
the  chloride,  when  it  is  dissolved  in  dilute  hydrochloric  acid.  Since 
a cubic  inch  of  chlorine  may  be  estimated  in  round  numbers  at  ^ of  a 
grain,  we  may  expect  10  grains  of  hleaching-powder  to  yield  from  3 to 
4 cubic  inches  of  that  gas,  or  by  weight  from  20  to  30  'per  cent.^  a wide 
range  of  power,  which  it  is  well  worth  the  bleacher’s  or  paper-maker’s 
while  to  ascertain.  If  carbonic  acid  be  suspected,  we  need  only  agitate 
the  mercury  through  the  gas,  adding  some  of  the  metal  from  time  to 
time  as  the  absorption  proceeds.  The  carbonic  acid  will  remain  uncon- 
densed at  the  toj),  and  may  he  estimated  in  the  usual  way.” 

Another  mode  of  determining  the  commercial  value  of  chloride  of 
lime,  consists  in  ascertaining  its  bleaching  power  by  its  effect  upon  a 
standard  solution  of  indigo  ; directions  for  this  purpose  have  been  drawn 
up  by  Gay  Lussac.  {Ann.  of  Phil..,  xxiv.  218.)  Morin  {Ann.  Ch,  el  Ph.., 
xxxvii.  142)  tests  it  by  solution  of  protochloride  of  manganese,  deter- 
mining its  proportion  of  chlorine  by  the  quantity  of  peroxide  of  manga- 
nese which  it  throws  down ; but  the  free  lime  present  interferes  with  the 
practical  application  of  this  test.  More  lately  Gay  Lussac  has  proposed 
the  conversion  of  arsenious  into  arsenic  acid  by  the  influence  of  chlorine 
as  a test  of  the  value  of  hleaching-powder.  The  similar  conversion  of 
protosulphate  into  persulphate  of  iron  has  also  been  resorted  to. 

The  following  are  Kane’s  directions  for  the  use  of  the  arsenical  and 
the  iron  tests  : — 

“ 100  grains  of  arsenious  acid  are  to  he  dissolved  in  2000  grains  of 
strong  hydrochloric  acid,  and  this  liquor  diluted  with  distilled  water  till 
it  occupies  the  volume  of  7000  grains  of  water : this  is  the  standard  test 
liquor;  to  employ  it,  100  grains  of  the  hleaching-powder  to  he  tested  are 
to  be  diffused  through  1000  grains  of  water,  and  the  test  liquor  to  be 
gently  poured  from  a graduated  glass  on  it,  in  a deep  jar,  continually 
stirring  the  mixture ; a drop  of  weak  solution  of  sulphate  of  indigo  is  to 
be  occasionally  applied  by  means  of  a glass  rod  to  the  surface  of  the 
liquor ; as  long  as  any  cblorine  remains  unaltered,  the  blue  color  of  the 
drop  is  instantly  destroyed,  and  the  addition  of  the  arsenic  liquor  is  to  be 
continued  until  the  blue  drop  remains  unaltered.  Then  the  quantity  of 
chlorine  present  in  the  100  grains  of  hleaching-powder  is  represented  by 
-j-J-^th  of  the  quantity  of  the  test  liquor  employed ; thus,  if  there  w^ere 
2565  grains  of  the  test  liquor  necessary  to. destroy  the  bleaching  power  of 
the  100  grains  of  the  chloride  of  lime,  the  quantity  of  chlorine  would  be 
25  65.  This  is  not  absolutely  correct,  for  in  theory  the  true  quantity  of 
chlorine  indicated  would  be  26’08 ; but  as  a few  drops  of  the  solution  are 
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always  employed  more  than  what  should  by  theory  be  necessary,  the 
practical  proportion  of  j^th  comes  very  near  the  truth.  Even  one-half 
part  per  cent.^  which  is  the  limit  of  error,  is  quite  unimportant  in  prac- 
tice.” {Elements  of  CJmnistry^  712.) 

“ 390  grains  of  clean  and  dry  crystals  of  green  sulphate  of  iron  are  to 
be  dissolved  in  as  much  water  as  will  bring  the  solution  to  the  volume  of 
5000  grains  of  water.  On  the  other  hand,  100  grains  of  the  chloride  of 
lime  is  to  he  diffused  through  1000  grains  of  water,  and  the  iron  solution 
is  to  he  added  thereto,  until  the  presence  of  a trace  of  the  protosulphate 
of  iron  in  excess  is  indicated  by  the  mixed  liquor  striking  a full  blue 
color  when  a drop  of  it  is  placed  on  a slip  of  paper  imbibed  with  red 
prnssiate  of  'potash.  The  quantity  of  chlorine  present  in  the  100  grains 
of  the  bleaching-powder  is  y-^th  of  the  quantity  of  the  standard  iron 
solution  employed : thus  if  2783  grains  measure  of  the  volume  of  the 
solution  be  found  necessary,  the  sample  contains  27’83  of  chlorine  per 
cent.:  for  the  2783  of  liquor  contains  217  grains  of  sulphate  of  iron, 
which  is  peroxided  by  the  action  of  27‘6  grains  of  chlorine ; here  also 
the  limit  of  error  need  not  exceed  one-half  per  cent.” 

Of  these  methods  I have  practically  found  the  former  most  effective ; 
in  reference  to  the  latter,  see  also  Graham  {Elem.  Chem.,  502.) 

The  composition  of  bleaching-powder  has  been  variously  stated. 
Dalton  {Ann.  of  Phil.^  i.  15,  and  ii.  6)  considers  it  as  a hydrated  snh- 
chloride  of  lime.)  containing  2 proportionals  of  lime  and  1 of  chlorine ; 
and  the  same  opinion  is  adopted  by  Thomson  {Ann.  of  Phil.)  xv.  401,) 
and  by  Welter.  {Ann.  Ch.  et  Ph.)  vii.  38.3.)  Dr.  Ure  shows,  in  the  paper 
already  quoted,  that  the  quantity  of  chlorine  absorbed  is  variable : he 
analyzed  a specimen  of  good  commercial  bleaching-powder,  and  found  it 
composed  of  46  lime,  23  chlorine,  and  31  water : a specimen  prepared  by 
himself  with  pure  hydrate  of  lime  contained  45*40  lime,  40*32  chlorine, 
and  14*28  water;  and  he  found  the  condensation  of  chlorine  to  vary  with 
the  pressure,  the  degree  of  exposure,  and  the  quantity  of  water  present. 
From  these  statements  it  would  seem  not  improbable  that  bleaching 
powder  contains  1 proportional  of  chlorine  and  1 of  lime,  mixed  with  a 
varying  quantity  of  hydrate  of  lime;  and  that  when  water  acts  upon  the 
compound  the  solution  contains  a chloride  of  lime.  Berzelius  regards 
bleaching-powder  as  a compound  of  chloride  of  calcium  and  chlorite  of 
lime,  and  this  opinion  is  said  to  be  sanctioned  by  Balard’s  researches 
already  quoted  (p.  280,)  but  in  opposition  to  this  view,  it  has  been  ob- 
served, that  if  chlorite  or  hypochlorite  of  lime  were  formed  by  the  action 
of  chlorine  upon  pulverulent  hydrate  of  lime,  chloride  of  calcium  must 
at  the  same  time  be  produced,  and  we  have  no  evidence  of  the  existence 
of  more  than  a trace  of  chloride  of  calcium  in  well-made  bleaching- 
powder.  IMore  lately  this  subject  has  been  studied  by  Millon  {Jour,  de 
Pharm.)  September,  1839,)  but  without  any  important  practical  results ; 
he,  however,  finds  that  many  of  the  precipitates  formed  in  metallic  solu- 
tions by  the  addition  of  a solution  of  chloride  of  lime,  consist  of  1 equi- 
valent of  the  metallic  oxide  combined  with  1 of  chlorine;  as  if,  therefore, 
setting  out  with  the  binoxide  of  a metal,  1 equivalent  of  oxygen  had 
been  replaced  by  1 of  chlorine. 

Gay  Lussac,  in  a paper  ‘‘  on  the  combinations  of  chlorine  with  bases,” 
{Ann.  Ch.  et  Ph.)  3d.  Ser.,  v.  273,  already  quoted  in  reference  to  the 
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composition  of  hypochlorous  acid,)  has  rendered  it  extremely  probable 
that  bleaching-powder  contains  a true  hypochlorite  of  lime ; he  observes, 
that  if  it  were  a chloride  of  lime,  the  addition  of  a small  quantity  of  sul- 
phuric acid  ought  immediately  to  evolve  chlorine,  whereas  he  shows  that 
liypochlorous  acid,  and  not  chlorine,  is  in  that  case  set  free ; that  the 
bleaching  power  of  hypochlorous  acid  is  very  great ; and  that  free  chlo- 
rine is  only  evolved  when  excess  of  sulphuric  acid  is  added,  by  which  the 
hypochlorous  acid  is  decomposed.  If  bleaching-powder,  instead  of  being 
a compound  of  hydrated  lime  and  chlorine,  or  a chloride  of  lime,  be  a 
compound  of  chloride  of  calcium  and  hypochlorite  of  lime,  the  first  effect 
of  a stronger  acid  upon  it,  (such  as  sulphuric,)  would  be  the  expulsion  of 
hypochlorous  acid,  and  the  formation  of  sulphate  of  lime,  which  would 
remain  mixed  with  the  undecomposed  chloride  of  calcium.  Thus  tlie 
original  powder  being  CaOl,  + CaClO,  the  action  of  I equivalent  of 
sulphuric  acid  would  produce  CaCl,  Ca0,S03,  -f  CIO;  but  with  2 
equivalents  of  sulphuric  acid  the  whole  of  the  chlorine  would  be  ex- 
pelled, and  sulphate  of  lime  formed  at  the  expense  of  the  chloride  of 
calcium,  as  well  as  of  the  hypochlorite  of  lime ; for  CaCl  -fi  Ca0,C10  + 
2S03  would  give  2Ca0,S03  and  2C1. 

In  its  perfect  state,  therefore,  bleaching-powder  may  be  a hydrated 
chloride  of  lime  — CaO,Cl,HO,  or  a compound  of  hydrated  hypochlorite 
of  lime  with  chloride  of  calcium  ==  CaCl, Ca0C10,2H0. 

Lime 1 ....  28  ....  38  35]  tCliloride  of  calcium....  1 ....  58  ....  38'35 

Chlorine  ....  1 ....  36  ....  49‘31  > or]  Hypochlorite  of  lime  1 ....  ^2  ....  49‘31 

Water  1 ....  9 ....  12-34J  I Water 2 ....  18  ....  12-34 

1 73  100-00  1 146  100-00 

But  the  best  samples  of  commercial  chloride  of  lime  contain  on  the 
average  not  more  than  30  per  cent,  of  chlorine,  and  when  chlorine  is 
passed  over  hydrate  of  lime  in  an  experiment  upon  the  small  scale,  it 
cannot  be  made  to  absorb  more  than  about  40  per  cent. ; but  if  the 
hydrate  of  lime  be  diffused  through  water,  it  will  then  absorb  more  than 
its  own  weight  of  chlorine,  and  we  form  a solution  containing  1 equiva- 
lent of  lime  (or  of  hydrate  of  lime,)  and  I of  chlorine,  which  is  the  true 
atomic  compound,  and  is  dissolved  out  of  bleaching-powder  by  the 
action  of  water.  The  usual  bleaching-powder,  therefore,  may  be  regarded 
as  containing 

Chlorine 1 ....  36  ....  32  72 

Hydrate  of  lime  2 ....  74:  ....  C7'28 

Bleaching-powder 1 110  100-00 

When  put  into  water,  I atom  of  hydrate  of  lime  remains  undissolved, 
and  the  above-mentioned  solution,  containing  I atom  of  lime  and  I of 
chlorine,  is  formed.  It  may  be  observed,  in  regard  to  the  theory  of  the 
composition  of  bleaching-powder,  that  the  extreme  slowness  with  whicli 
it  absorbs  moisture,  so  as  to  deliquesce,  and  the  facility  with  which  it  is 
decomposed  by  carbonic  acid,  are  in  favor  of  considering  it  as  a chlo- 
ride of  lime. 

Chlorate  of  Lime,  Ca0,0105,  is  a very  soluble  deliquescent  salt  of 
a sharp  bitterish  taste,  difficultly  crystallizable  in  oblique  rhombic  prisms, 
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soluble  in  alcohol,  and  imjiartlng  a red  color  to  its  flame.  During  ifs 
solution  in  'water,  it  produces  cold.  It  is  most  easily  formed  by  dissolv- 
ing carbonate  of  lime  in  cliloric  acid.  Exposed  to  heat,  oxygen  is  evolved, 
and  a chloride  remains.  The  crystals  probably  contain  2 atoms  of  water. 

Perchlorate  of  Lime,  Ca0,C107,  is  extremely  deliquescent:  it  is 
soluble  in  alcohol,  to  the  flame  of  which  it  gives  a red  tinge.  (Serullas, 
Ann.  Ch.  el  P/t.,  xLvi.  304.) 

Iodide  of  Calcium,  Cal,  is  obtained  by  dissolving  carbonate  of  lime 
in  hydriodic  acid,  evaporating  to  dryness,  and  heating  the  residue  in  a 
close  vessel  till  it  fuses;  it  may  also  be  obtained  by  digesting  hydrate  of 
lime  with  protiodide  of  iron:  it  is  a deliquescent  grey  substance,  which, 
lieated  in  the  air,  absorbs  oxygen  and  evolves  iodine. 

Dissolved  in  water  and  slowly  evaporated,  it  furnishes  deliquescent 
crystals,  usually  called  hydriodate  of  lime;  they  are  composed  of  the  iodide 
and  water.  The  iodide  consists  of 

Calcium 1 ....  20  ....  13'8 

Iodine  1 ....  12G  ....  8G’2 

Iodide  of  calcium  1 14G  100*0 

When  iodine  vapor  is  passed  over  lime  heated  to  redness  in  a porce- 
lain tube,  a compound  is  formed  without  any  evolution  of  oxygen,  the 
aqueous  solution  of  which  is  alkaline:  at  a very  high  temperature  it  gives 
out  iodine.  (Gay  Lussac.  Grouvllle.) 

loDATE  OF  Lime.  CaO,I05.  This  salt  is  formed  by  dissolving  carbo- 
nate of  lime  in  iodic  acid ; it  also  graduall}?’  separates  out  of  a mixed  solu- 
tion of  iodate  of  potassa  and  chloride  of  calcium:  it  forms  prismatic  crys- 
tals, containing  18  per  cent,  of  water,  and  requiring  253  parts  of  water  at 
GO'^,  and  75  parts  at  212°,  for  their  solution,  (Rammelsberg,  Poggend,^ 
xLiv.) 

Bromide  of  Calcium,  CaBr,  was  obtained  by  Henry  by  digesting 
hydrate  of  lime  in  a solution  of  protobromide  of  iron.  It  is  also  formed 
by  heating  lime  in  bromine  vapor,  or  by  dissolving  carbonate  of  lime  in 
hydrobromic  acid,  and  evaporating  to  dryness:  it  is  white,  deliquescent, 
soluble  in  alcohol,  and  its  aqueous  solution  yields  silky  hydrated  crystals. 

Bromate  of  Li:me,  CaO,Br05,  has  been  examined  by  Rammelsberg; 
it  is  soluble  in  a little  more  than  its  weight  of  water,  and  forms  ciystals 
=:  CaO,Br05,IIO.  (Poggend.^  Lii.  88.) 

Fluoride  of  Calcium.  Fluor-Spar.  CaF.  This  compound  may 
be  produced  artificially  by  saturating  dilute  hydrofluoric  acid  with  newly- 
precipitated  and  moist  carbonate  of  lime,  and  may  thus  easily  be  col- 
lected, and  dried  in  the  form  of  white  powder.  If  obtained  by  preci- 
pitating a neutral  salt  of  lime  with  a soluble  fluoride,  it  forms  a gelatinous 
mass,  the  precipitation  of  which  is  accelerated  by  the  addition  of  caustic 
ammonia. 

Native  fluoride  of  calcium^  or  fluor-spar.^  is  a mineral  found  in  many 
Yol.  II.  2 U 
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parts  of  tlie  world,  but  in  great  beauty  and  abundance  in  England,  and 
especially  in  Derbyshire,  where  it  is  commonly  called  blue  John.  It  is 
usually  found  in  cubic  crystals,  which  may  easily  be  cleaved  into  octohedra, 
and  tetrahedra  (p.  21).  Its  colors  are  extremely  various.  Its  specific 
gravity  3.  It  phosphoresces  when  exposed  to  a heat  a little  below 
redness  (p.  120),  and  at  a red  heat  it  fuses:  it  is  sometimes  used  as  a flux 
for  promoting  the  fusion  of  other  minerals,  hence  its  German  name  Fliis- 
spath^  and  the  English  Fluor,  It  generally  occurs  in  veins;  in  the  Odin 
mine  at  Castleton,  in  Derbyshire,  it  is  found  in  detached  masses,  from  an 
inch  to  more  than  a foot  in  thickness;  their  structure  is  divergent,  and 
the  colors,  which  are  various,  disposed  in  concentric  bands.  It  is  the 
only  variety  which  admits  of  being  turned  in  the  lathe  into  vases  and 
other  ornamental  articles.  Co7npact  Jiuor  is  a scarce  variety;  the  finest 
specimens  come  from  the  Hartz.  A third  variety  is  chlorophane.,  so 
called  from  the  beautiful  pale-green  light  which  it  exhibits  when  heated. 
The  nature  of  the  coloring-matter  of  blue  and  green  fluor-spar  is  not 
understood:  it  is  liable  to  fade,  and  the  blue  varieties  become  red  and 
brown  by  heat. 

Fluoride  of  calcium  exists,  according  to  Berzelius,  in  bones,  urine, 
and  the  enamel  of  the  teeth,  in  the  human  subject;  it  has  been  found  in 
some  fossil  bones  to  the  extent  of  10  per  cent.  He  also  found  it  in 
minute  quantities  in  some  of  the  Carlsbad  waters,  but  it  appears  probable 
that  at  least  in  some  of  these  cases  the  phosphate  of  lime  has  been  mis- 
taken for  it. 

Pure  fluoride  of  calcium  is  not  decomposed  by  cold  sulphuric  acid, 
but  forms  with  it  a transparent  viscid  mixture.  At  a temperature  of 
about  100°  its  decomposition  begins,  sulphate  of  lime  forms,  hydrofluoric 
acid  is  evolved,  and  the  mixture  grows  opaque.  If  the  fluor-spar  contain 
silica,  then  sulphuric  acid  immediately  acts  upon  it,  evolving  silicofluoric 
acid.  Concentrated  hydrochloric  and  nitric  acids  dissolve  fluoride  of  cal- 
cium without  decomposition,  and  become  milky  when  diluted;  but  it  is 
doubtful  whether  such  solutions  are  formed  when  the  fluoride  is  perfectly 
pure.  It  is  scarcely  soluble  in  hydrofluoric  acid.  Fused  with  carbonate 
of  potassa,  carbonate  of  lime  and  fluoride  of  potassium  are  produced. 
It  is  now  generally  admitted  to  be  a binary  compound  of  calcium  and 
fluorine,  consisting  of 


Davy. 

Calcium  1 ....  20  ....  51-54  ....  53-313 

Fluorine  1 ....  19  ....  48*46  ....  46*637 


Fluoride  of  calcium  1 39  100*00  100*000 

Nitrate  of  Lime.  CaO,N05.  This  is  a deliquescent  salt,  soluble  in 
one-fourth  its  weight  of  water  at  60°.  It  is  found  in  old  plaster  and 
mortar,  from  the  washing  of  which,  nitre  is  procured  by  the  addition  of 
carbonate  of  potassa.  It  sometimes  occurs  in  spring  water;  I have  detected 
it  in  several  samples  from  the  vicinity  of  London.  Berzelius  mentions  it 
as  accompanying  nitrate  of  magnesia,  in  the  well-waters  of  Stockholm. 

The  production  of  this  salt  in  artificial  nitre-beds  has  already  been 
adverted  to  (p.  573).  It  may  be  crystallized,  by  very  slow  evaporation, 
in  six-sided  prisms,  containing,  according  to  Hess  and  Millon,  about  30 
per  cent,  of  water,  = Ca0,N05,4H0;  when  obtained  from  a solution 
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evaporated  very  low,  and  set  aside  in  the  cold,  it  appears  in  the  form  of 
groups  of  acicular  crystals.  It  is  soluble  in  an  equal  weight  of  boiling 
alcohol.  When  exposed  to  a moderate  heat,  it  undergoes  watery  fusion; 
the  water  then  evaporates  and  the  salt  fuses;  on  cooling  it  concretes  into 
a semi-transparent  phosphorescent  substance,  called  from  the  discoverer 
of  this  property  Balduins  phosphorus.  (Birch’s  History  of  the  B.S.,  iii. 
328.  See  also  p.  119.)  At  a red  heat  it  is  decomposed;  its  acid  is  dis- 
sipated, and  pure  lime  remains.  Anhydrous  nitrate  of  lime  consists  of 

Wenzel.  Longchamp, 


Lime  

1 .. 

..  28  . 

...  34*1  . 

...  33*8  . 

...  34*9 

Nitric  acid 

1 .. 

..  54  . 

...  65*9  . 

...  66*2  . 

...  65*1 

Nitrate  of  lime 

1 

82 

100*0 

100*0 

100*0 

SuLPiiuRET  OF  Calcium,  CaS,  is  formed  by  passing  sulphuretted 
hj^’drogen  over  red-hot  lime,  when  water  is  evolved.  CaO-l-HS=CaS 
-j-IIO.  It  is  also  formed  by  the  action  of  charcoal  or  of  hydrogen  upon 
sulphate  of  lime  at  a red  heat.  It  is  of  a reddish- white  tint,  slowly  acted 
upon  by  water,  forming  a colorless  solution  of  an  hepatic  and  alkaline 
taste.  When  freshly  prepared  it  is  phosphorescent  in  a dark  place,  as  was 
first  observed  by  Canton  (p.  119).  It  contains 


Calcium 1 ....  20  ....  55‘65 

Sulphur...,. 1 ....  16  ....  44*45 


Protosulphuret  of  calcium  1 36  100*00 

Bisulphuret  of  Calcium.  CaS2.  When  sulphur  and  hydrate  of 
lime,  about  equal  weights,  are  boiled  together  in  water,  and  the  solution 
cooled,  yellow  prismatic  crystals  form,  which,  after  having  been  dried  in 
vacuo,  are  permanent:  their  taste  is  alkaline  and  sulphurous : they  contain 
I atom  of  calcium,  2 of  sulphur,  and  3 of  water:  when  gently  heated  in 
vacuo  they  become  anhydrous,  and  the  bisulphuret  remains  in  the  form 
of  a white  powder.  The  crystals  require  400  parts  of  water  at  60°  for 
solution.  (Berzelius.)  The  yellow  solution,  from  which  the  crystals  are 
deposited,  retains  hyposulphite  of  lime  in  solution.  6S-f  3CaO— CaO, 
S202  4-2CaS2.  By  exposure  to  air  it  becomes  colorless,  inconsequence 
of  the  further  formation  of  hyposulphite.  (See  Hyposulphite  of  Lhne,  and 
Hyposulphurous  Acid,  p.  401.) 

Pentasulpiiuret  of  Calcium.  CaSs.  When  excess  of  sulphur  is 
continuously  boiled  in  water  Avith  quick-lime,  a compound  of  5 atoms  of 
sulphur  Avith  1 of  calcium,  is  formed,  Avhich  is  not  crystallizable : it  is 
soluble  in  alcohol;  and  Avhen  its  aqueous  solution  is  evaporated  in  vacuo, 
it  leaves  a yelloAV  mass  containing  about  80  per  coil,  of  sulphur.  By 
heat  it  loses  sulphur,  and  becomes  protosulphuret. 

Hyposulphite  of  Lime.  Ca0,S202.  When  sulphurous  acid  is  ground 
in  a mortar  AAuth  crystals  of  hydrated  bisulphuret  of  lime,  it  loses  its 
odor,  andAAdien  filtered  it  is  found  to  be  a solution  of  hyposulphite  of  lime. 
By  passing  sulphurous  acid  through  the  yelloAV  liquor  obtained  by  boiling 
lime  and  sulphur  together  in  Avater,  the  same  product  is  obtained;  and  if 
the  solution  be  filtered  and  evaporated,  at  a temperature  not  exceeding 
140°,  it  furnishes  hexagonal  crystals : the  temperature  of  ebullition  de- 
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composes  it  into  sulpliite  of  lime  and  sulphur.  The  crystals  are  little 
altered  by  air,  very  soluble  in  water,  and  insoluble  in  alcohol.  They 
consist  of 

Ilerscliel. 

Lime  1 ....  28  ....  21'o 

Ilyposulphurous  acid 1 ....  48  ....  30*8 

Water 6 ....  54  ....  41’4 

Crystals  of  hyposulphite  of  lime 1 130  lOO’O 

This  salt  is  much  employed  as  a means  of  removing  the  salts  of  silver 
from  photogenic  drawings,  so  as  to  render  them  permanent  when  exposed 
to  light  (see  Silver).  Mr.  Alfred  Taylor,  in  his  paper  On  the  Art  of 
Photogenic  Drawings  directs  its  preparation  for  this  purpose  as  follows: 
One  ounce  of  sublimed  sulphur  is  to  be  mixed  with  one  ounce  and  a 
half  of  lime,  previously  slaked  by  the  addition  of  hot  water,  and  the 
mixture  put  into  a clean  earthen  vessel.  Three  quarts  of  water  are 
added,  and  the  whole  is  to  be  boiled  for  two  hours.  The  clear  liquid 
may  then  be  filtered  off  into  several  wide  basins  or  dishes,  and  allowed 
to  remain  freely  exposed  to  air.  (The  residue  on  the  filter  may,  if 
required,  be  boiled  with  more  slaked  lime  and  water,  until  it  ceases  to 
yield  a yellow-colored  liquid.)  When  first  made,  the  liquor  is  of  a rich 
orange  color,  but  a scaly  semi-crystalline  crust  soon  forms  on  its  surface; 
this  must  be  broken  down  as  often  as  it  is  produced,  and  the  liquid  be 
exposed  to  air  until  it  has  become  quite  colorless.  The  time  required 
for  this,  varies  according  to  the  depth  of  the  color,  and  the  quantity  of 
persulphuret  of  calcium  present  in  it.  If  weak,  the  change  is  complete 
in  three  or  four  days;  if  strong,  the  whole  of  the  color  will  not  be  lost 
until  after  the  lapse  of  three  or  four  weeks.  The  change  is  always  acce- 
lerated by  diluting  the  liquid;  but  this  must  not  be  carried  too  far.  When 
colorless,  the  liquid,  which  is  now  a solution  of  hyposulphite  of  lime,  may 
be  filtered  off,  and  is  fit  for  use.  The  scaly  residue  left  on  the  filter, 
digested  in  cold  water,  will  yield  more  of  the  hyposulphite. 

The  refuse  lime  of  the  gas-works  is  an  abundant  source  of  the  hypo- 
sulphite : after  removal  from  the  purifier  it  should  be  exposed  to  air  for 
two  or  three  days,  till  it  no  longer  smells  of  sulphuretted  hydrogen : the 
hyposulphite  may  then  be  dissolved  out  by  an  equal  weight  of  cold  water, 
and  crystallized  after  evaporation  at  120°:  or  by  carbonate  of  soda,  it  may 
be  converted  into  the  more  stable  hyposulphite  of  soda.  (GrxVIIAM,  Mem. 

Ch.  Soc.,  ii.  359.) 

Sulphite  of  Lime,  Ca0,S02,  is  formed  by  passing  sulphurous  acid  into 
a mixture  of  lime  and  warm  Avater,  or  by  mixing  the  solutions  of  chloride 
of  calcium  and  sulphite  of  potassa.  It  is  a Avhite  poAvder  of  a slightly 
sulphurous  taste;  it  requires  about  800  parts  of  AAnter  at  60°  for  its 
solution:  it  is  rendered  soluble  by  excess  of  sulphurous  acid,  and  then 
separates  in  liexangular  prismatic  crystals,  of  difficult  solubility,  efflores- 
cent, and  passing  into  sulphate  of  lime  by  exposure  to  air.  When  heated  i 
this  salt  is  converted  into  sulphuret  of  calcium  and  sulphate  of  lime.  It 
consists  of 

Lime  1 ....  28  ....  4G’7 

Siilpluiroiis  acid  1 ....  32  ....  53’3 

1 


Sulphite  of  lime 


00 


100-0 
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IIyposulpiiate  of  Lime.  Ca0,S20o.  This  salt  is  formed  by  decom- 
jmsiiig  liyposulpliate  of  manganese  by  milk  of  lime,  filtering,  and  evapo- 
rating the  solution;  it  forms  groups  of  transparent  tabular  crystals,  per- 
manent in  the  air,  solulile  in  0'8  of  water  at  212°,  and  in  2'46  of  water 
at  60°,  and  insoluble  in  alcohol.  (IIeeren,  Foggc/id.^  vii.  17I>-)  The 
crystals  consist  of 

Lime  1 ....  28  ....  20-G 

llyposulplmric  acid 1 ....  72  ....  52’9 

AVkiter 4 ....  3G  ....  2G-5 

Crystals  of  hyposulphate  of  lime  1 13G  lOO'O 

Sulphate  of  Leme.  Ca0,S03,  occurs  native  in  seJe^iilc^  gypsum^ 
jyJaster-slone^  c^’C.  It  is  easily  formed  artificially,  by  dropping  sulphuric 
acid  upon  lime,  in  which  case  there  is  great  evolution  of  heat;  or  by  de- 
composing a solution  of  chloride  of  calcium,  or  any  of  the  soluble  salts  of 
lime,  by  sulphuric  acid  or  by  a soluble  sulphate.  When  thrown  down 
from  its  solutions,  or  in  any  way  slowly  deposited,  it  often  forms  minute 
silky  crystals  soluble  in  350  parts  of  water.  When  these,  or  the  native 
crystallized  sulphate^  are  exposed  to  a heat  of  from  4 to  500°,  they  lose 
water,  and  fall  into  a white  poAvder  (^plaster  of  Paris) ^ which,  made  into 
a paste  with  water,  soon  solidifies,  and  when  in  large  cjuantity,  with  very 
sensible  increase  of  temperature  : hence  its  use  in  taking  casts  for  busts, 
figures,  and  ornaments : it  is  also  the  basis  of  stucco  and  scagliola  or 
artificial  marble,  which  is  made  by  mixing  plaster  of  Paris,  colored  in 
various  "ways,  with  size  and  Avater;  when  it  has  indurated,  its  surface  is 
polished.  (On  the  influence  of  various  salts  upon  its  induration,  see 
Emmet,  Ed.  Phil.  Jonrn..,  xv.  69.)  Exposed  to  a red-heat,  but  short  of 
its  fusing-point,  it  loses  this  property  of  recombining  Avith  water.  The 
sp.  gr.  of  anhydrous  sulphate  of  lime  (artificial)  is  2*927 : it  requires 
about  500  parts  of  Avater  at  60°,  and  450  parts  at  212°,  for  its  solution  : 
or,  according  to  Berzelius,  it  is  equally  soluble  in  cold  and  hot  Avater,/! 
part  of  the  salt  being  soluble  in  462  of  AAmter,  or  in  332,  according  to 
Lassaigne.  This  aqueous  solution  CAmn  Avhen  made  Avith  the  native 
crystallized  sulphate,  slightly  reddens  litmus.  (Laugier,  Journ.  de  CJi. 
JSled.)  According  to  Mr.  Paul  {Phil.  Mag.,  xf.  63),  if  this  solution  be 
saturated  by  pressure  Avith  hydrogen,  the  sulphate  in  about  six  months  is 
converted  into  a sulphuret.  Like  the  other  sulphuric  salts  it  is  sloAvly 
decomposed  AAdien  its  solution  is  subjected  to  the  action  of  decaying  vege- 
table matter,  in  Avhich  case  the  odor  of  sulphuretted  h3Tlrogen  becomes 
apparent.  As  sulphate  of  lime  is  more  soluble  in  Avater  than  pure  lime, 
sulphuric  acid  affords  no  precipitate  Avhen  added  to  lime-water.  Nearly' 
all  spring  and  river  Avatcr  contains  traces  of  this  salt,  and  in  those  Avaters 
Avhich  are  called  hard  it  is  often  abundant : it  gives  to  them  a slightly 
nauseous  taste,  and  renders  them  unfit  for  Avashing  and  for  culinary  use. 
At  a very  high  temperature  sulphate  of  lime  is  fusililc,  but  suffers  no 
decomposition;  heated  Avith  charcoal  it  is  converted  into  a sulphuret  of 
calcium.  It  dissolves  Avithout  decomposition  in  dilute  nitric  and  hydro- 
chloric acids,  and  separates  from  these  solutions  Avhen  concentrated,  in 
long  silky'  or  transparent  crystals.  It  is  decomposed  by  the  alkaline  car- 
bonates. Sulphate  of  lime  is  sometimes  employed  as  a manure,  and, 
Avhen  sprinkled  ovei  the  land  in  small  quantity,  is  said  to  improve  certain 
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soils,  especially  for  the  growth  of  clover:  it  may  also  he  useful  with  other 
crops  as  a source  of  sulphur.  Anhydrous  sulphate  of  lime  consists  of 

Wenzel.  Bergman.  Berzelius. 

Lime 1 ....  28  ....  41*2  ....  402  ....  41  ....  42 

Sulphuric  acid  ....  1 ....  40  ....  58*8  ....  59-8  ....  59  ....  58 

Sulphate  of  lime  1 68  lOO'O  100-0  100  100 

And  the  native  crystallized  sulphate  of  lime  consists  of, 

Klaproth.  Bergman.  Bucholz. 

Anhydrous  sulphate  of  lime  ....  1 ....  68  ....  79  ....  78’5  ....  78  ....  79 

Water  2 ....  18  ....  21  ....  21-5  ....  22  ....  21 

Crystallized  sulphate  of  lime  ....  1 86  100  100*0  100  100 

A dihydrated  sulphate  of  /me  2 [Ca0,S03]  HO,  has  been  described 
by  Johnston  forming  a deposit  in  a high  pressure  steam-boiler,  in  the 
form  of  a grey  granular  mass,  sp.  gr.  2-757,  made  up  of  minute  transpa- 
rent prisms  colored  by  carbonaceous  matter.  {Phil.  Mag.^  xiii.  325.) 

Native  Sidphate  of  Lhne  occurs  in  various  forms.  The  crystallized 
or  variety,  Ca0,S03,2H0,  is  usually  called  selenite.^  (from  o-eXpvT]^ 

the  moo7i^  in  reference  to  its  soft  lustre) ; the  fibrous  and  earthy,  gypsum^ 
(from  7?7,  earthy  and  e^jretv^  to  concoct:  formed  or  concocted  in  the 
earth);  and  the  granular  or  massive,  alabaster.,  (an  ancient  term  ap- 
plied to  vases  or  boxes,  for  containing  perfumes : perhaps  from  a, 
privative.,  andXa/5ov,  a handle,  as  opposed  to  vessels  with  handles.)  The 
primitive  form  of  selenite  is  a rhomhoidal  prism  of  113°  8'  and  66°  2'. 
The  crystals  are  commonly  transparent,  of  a specific  gravity  of  2*32,  and 
of  various  colors;  softer  than  native  carbonate  of  lime,  and  yield  very 
easily  to  the  nail.  They  are  often  disseminated  in  argillaceous  strata. 
It  occurs  in  Cumberland  at  Alston,  and  in  Oxfordshire  at  Shotover 
Hill,  where  it  is  accompanied  by  shells  and  pyrites,  and  appears  to 
have  resulted  from  their  mutual  decomposition.  A beautiful  fibrous 
variety,  called  satin  gypsum,  is  found  in  Derbyshire,  applicable  to  orna- 
mental purposes,  such  as  beads,  brooches,  &c.  Massive  and  granidar 
gypsum  is  found  in  this  country  in  the  red  marl  or  new  red  sandstone 
accompanying  the  salt-deposits  in  Cheshire.  It  abounds  in  the  tertiary 
strata  of  Montmartre,  near  Paris,  and  contains  organic  remains;  some- 
times it  forms  entire  hills.  In  the  Tyrolese,  Swiss,  and  Italian  Alps,  it  is 
found  upon  the  primitive  rocks,  often  of  the  purest  white,  especially  at 
Montier,  near  Mont  Blanc,  and  near  the  summit  of  Mont  Cenis.  It  is 
turned  by  the  lathe,  and  sculptured  into  a variety  of  beautiful  forms, 
more  especially  by  the  Florentine  artists.  Columns  for  interior  architec- 
ture are  sometimes  formed  of  it. 

There  is  a variety  of  sulphate  of  lime  which  has  been  called  anhy- 
drous gypsum,  or  anhydrite,  in  reference  to  its  containing  no  water.  It 
is  harder  and  denser  than  selenite,  its  specific  gravity  being  2-96 : it 
sometimes  contains  common  salt,  and  is  then  called  muriacite.  It  is 
rarely  crystallized,  generally  massive  and  lamellar,  and  susceptible  of 
division  into  rectangular  prisms.  It  has  been  found  in  Derbyshire  and 
Nottinghamshire  of  a pale-blue  tint;  sometimes  it  is  pink  or  reddish, 
and  often  white.  It  has  also  been  found  at  Vulpino  in  Italy,  and  hence 
called  Vidpinite.  The  statuaries  of  Bergamo  and  Milan  employ  it,  and 
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artists  know  it  by  the  name  of  Marhre  cU  Be7'gamo.  A compound  of 
sulphate  of  lime  and  sulphate  of  soda  is  found  in  the  salt  mines  of 
NeAv  Castile,  which  mineralogists  have  described  under  the  name  of 
Glaiiherite^  and  'which  probably  might  be  formed  artificially  by  fusing  the 
two  salts. 

PiiosPHURET  OF  Calcium.  CaP.  By  passing  the  vapor  of  phosphorus 
over  lime  heated  to  dull  redness  a brown  compound  is  produced,  usually 
called  phospkuret  of  lime : it  rapidly  decomposes  water  with  the  evolution 
of  phosphuretted  hydrogen  gas,  and  consists  of  phosphuret  of  calcium  and 
phosphate  of  lime ; the  oxygen  of  the  lime  at  this  temperature  converts  a 
portion  of  the  phosphorus  into  phosphoric  acid,  and  the  evolved  calcium 
combines  with  another  portion  of  phosphorus  to  form  phosphuret  of  cal- 
cium. Hpdrophosphuret  and  hypophosphite  of  lime  are  formed  by  its 
action  upon  water,  phosphuretted  hydrogen  gas  escapes,  and  a phosphate 
of  lime  precipitates.  When  dilute  hydrochloric  acid  is  poured  upon  this 
phosphuret,  j)hosphuretiecl  hydrogen  is  also  liberated  (p.  433). 

The  usual  process  for  obtaining  phosphuret  of  calcium  is  the  follow- 
ing : Select  a green-glass  or  porcelain  tube,  closed  at  one  end,  and  about 
eighteen  inches  long,  and  one  inch  diameter,  and  carefully  cover  it  with 
a clay  lute  containing  a very  little  borax.  Put  an  ounce  of  phosphorus 
broken  into  small  pieces  into  the  lower  end,  and  fill  it  up  with  pieces  of 
clean  quick-lime,  about  the  size  of  large  peas : place  it  in  an  inclined 
position  in  a furnace,  so  that  the  end  containing  the  phosphorus  may 
protrude,  while  the  upper  part  of  the  tube  is  heating;  then  slowly  draw 
the  cool  part  into  the  fire,  by  which  the  phosphorus  will  be  volatilized, 
and,  passing  into  the  hot  lime,  convert  a portion  of  it  into  phosphuret. 
Care  should  be  taken  that  no  considerable  portion  of  phosphorus  escapes 
and  burns  away  at  the  open  end  of  the  tube,  which,  after  the  process, 
should  be  corked  and  suffered  to  cool.  Its  contents  may  then  be  shaken 
upon  a sheet  of  paper,  and  the  broAvn  pieces  picked  out,  and  carefully 
preserved  in  a well-stopped  phial;  the  white  pieces,  or  those  which  are 
only  pale-brown,  must  be  rejected.  The  success  of  this  operation  depends 
upon  the  skilful  management  of  the  temperature,  and  the  diificulty  of 
heating  the  whole  of  the  lime  up  to  a proper  point,  which  should  be 
short  of  a red-heat ; for  if  the  temperature  be  insufficient,  no  combination 
ensues;  and  if  too  high,  the  compound  is  again  decomposed,  phosphorus 
evolved,  and  lime  remains.  According  to  Berzelius,  phosphuret  of  lime 
is  best  obtained  by  heating  pieces  of  lime  in  a long-necked  matrass  over 
the  flame  of  a spirit  lamp  and  dropping  phosphorus  upon  them.  When 
the  compound  is  perfect  it  is  reddish-brown  or  chocolate- colored;  when 
breathed  on  or  moistened  it  exhales  a very  strong  and  diffusive  alliaceous 
odor,  which  it  is  difficult  to  get  rid  of ; it  heats  and  even  burns  if  touched 
with  damp  hands,  and  when  dropped  into  water  the  action  is  immediate 
and  often  violent,  and  the  evolution  of  phosphuretted  hydrogen  continues 
for  some  time. 

In  a memoir  on  the  combinations  of  phosphorus  with  hydrogen,  by 
Paul  Thenard  {Ann,  Ch.  et  Ph.,  Mai,  1845),  an  apparatus  for  the  prepa- 
ration of  phosphuret  of  lime  upon  the  large  scale  is  described,  and  the 
properties  and  composition  of  the  product  carefully  examined.  When 
properly  prepared  it  is  of  a cinnabar-red  color,  and  very  hard,  seeming  to 
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have  undergone  semifusion  : it  is  unchanged  at  common  temperatures  by 
dry  air,  hydrogen,  and  carbonic  acid : at  a high  temperature  oxygen, 
chlorine,  and  hydrochloric  acid,  decompose  it : in  humid  air  it  soon 
falls  into  a brown  powder,  and  forms  phospliurettcd  hydrogen : this 
powder  thrown  into  boiling  water  disengages  large  quantities  of  phosphu- 
retted  hydrogen  (not  spontaneously  inflammable)  and  hydrogen ; when 
highly  concentrated  nitric  acid  is  dropped  upon  it,  it  inflames  and  ex- 
plodes : it  is  kindled  by  the  flame  of  a taper,  and  leaves  a white  residue. 
The  original  phosphuret  reduced  to  powder  exhibits  the  same  properties : 
it  is  converted  by  sulphuric  acid  into  phosphate,  and  sulphurous  acid  is 
evolved. 

From  his  experiments  on  the  composition  of  the  so-called  phosphuret 
of  lime,  he  concludes  that  it  contains  2 equivalents  of  neutral  phosphate 
of  lime,  and  5 of  phosphuret  of  calcium  zn  Ca 2, P;  so  that  its  formula 
wall  be  2[2Ca0,r05] -f  5 [Ca2,P] ; when  acted  upon  by  water  the  10 
ecjuivalents  of  calcium  in  the  phosphuret  combine  with  10  of  oxygen  to 
form  10  of  lime,  and  are  replaced  by  10  equivalents  of  hydrogen  to  form 
a new  phosphuret  of  hydrogen  zr  PsHlO,  or  5[PH2]. 

2[2Ca0,P05]  +5[Ca2P]  + 10HO  = 2[2CaO,PO5]  + lOCaO  -h5[Pri2] 

This  new  phosphuret  of  hydrogen  is  a liquid  which  spontaneously 
resolves  itself  into  a solid  phosphuret^  and  phosphuretled  hydrogen  gas, 
the  solid  phosphuret  being  a comjDOund  of  2 atoms  of  phosphorus  and  1 of 
li3Tlrogen,  the  formula  of  this  spontaneous  decomposition  being  5[PH2] 
zz:P2,PI-p3[PIi3].  Thenard  ascribes  the  spontaneous  inflammability  of 
phosphuretted  hydrogen  to  the  presence  in  it  of  a very  minute  quantity 
of  the  vapor  of  the  above  liquid  phos23huret. 

IIypopiiospiiite  of  Lime.  CaO,PO,2HO,  may  be  obtained  by  care- 
fully boiling  phosphorus  in  thin  cream  of  lime,  filtering  off  the  solution, 
and  passing  carbonic  acid  through  it,  to  separate  excess  of  lime.  It  is 
also  formed  by  the  action  of  boiling  water  on  phosphuret  of  lime,  and 
treating  the  clear  liquor  in  the  same  waj^  The  solution  evaporated  in 
vacuo,  furnishes  four-sided  rectangular  prismatic  crystals  of  the  hypophos- 
jihite,  which  are  nearly  equally  soluble  in  hot  and  cold  water,  and  quite 
insoluble  in  alcohol : they  contain  from  18  to  22  per  cent,  of  water  of 
ciystallization.  At  a red  heat  in  air  the}’ are  converted  into  phosphate  of 
lime,  giving  otf  phosphuretted  h^’drogen  and  water;  2[CaO,PO,2IIO]  — 
2Ca0,P05,  + rils-p  HO.  This  salt  is  useful  for  the  preparation  of  a 
variety  of  other  hypophosphites,  which  may  be  obtained  by  double  decom- 


position.  According  to  AVurtz,  {Ann. 

der 

Pharm.^ 

xLiii.  322,)  the  crj^stals 

consist  of 

Wuitz. 

Lime 

1 

....  28 

....  32*32  . 

...  33  OG 

Ilypophosphorous  acid 

1 

....  40 

....  4G-51  . 

...  45*94 

AVater  

2 

....  18 

....  21*17  . 

...  21*00 

Crystallized  h}'pophospljite  of  lime 

1 

8G 

100  00 

100*00 

PiiosPHiTE  OF  Lime.  AVhen  solutions  of  phosphite  of  ammonia  and 
chloride  of  calcium  are  mixed,  a white  crystalline  deposit  is  gradually 
formed,  being  a subphosphite;  2Ca0,P03,2H0.  (H.  Rose,  Poggend.,  ix. 
26.)  AVhen  its  aqueous  solution  is  boiled,  nacreous  crystals  of  a more 


niOSniATES  OF  LIME. 


651 


basic  pliospliite  are  deposited,  and  a difficultly-crystallizable  acid  salt 
retained  in  solution.  (Dulong.)  An  acid  phosphite  of'  lime  may  be 
obtained  by  the  action  of  pliospliorous  acid  on  white  marble  : when  the 
evolution  of  carbonic  acid  ceases,  the  liquor  evaporated  in  vacuo  yields 
acicular  crystals,  and  if  alcohol  be  added  to  their  solution  in  water,  neu- 
tral phosphite  of  lime  falls,  and  an  acid  salt  remains  in  solution ; the 
composition  of  the  acid  phosphite  of  lime  is,  Ca0,rH04,I10  + IIO. 
(WuiiTz,  Ann.  Ch.  el  Ph.,  Fevr.,  1846.) 

Phosphate  of  Lime.  There  appear  to  be  several  definite  combina- 
tions of  lime  with  phosphoric  acid,  among  which  the  following  have  been 
particularly  examined.  (Berzelius,  Ann.  Ch.  et  Fh.^  ii.  167*  Fuchs. 
Mitsctierlich,  Lehrb.  Graham,  Elem.) 

1.  Common  Phosphate  of  Lime.  Tribasic  Phosphate  of  Lime. 
Bone-Phosphate.  3Ca0,cP05.  This  salt  occurs  abundantly  in  bone- 
ash,  and  is  found  as  a mineral  product  combined  with  fluoride  of  calcium, 
in  apatite  and  moroxite.  On  adding  chloride  of  calcium  to  the  tribasic 
phosphate  of  soda,  a corresponding  phosphate  of  lime  precipitates,  the 
formula  of  which  is  3Ca0,P05.  (Graham.)  When  a solution  of  bone- 
earth  in  hydrochloric  or  nitric  acid  is  boiled  to  expel  all  carbonic  acid, 
and  precipitated  by  caustic  ammonia,  the  pure  bone -phosphate  separates 
in  the  form  of  a bulky  precipitate,  ivhich,  when  perfectly  dried,  is  a Avhite 
amorphous  mass,  composed  of 

Fuchs.  Berzelius. 

Lime 3 ....  84  ....  53-84  ....  54  35  ....  51*C8 

I’liosphoric  acid  1 ....  72  ....  4G-18  ....  45-65  ....  48-32 

Tribasic  bone  phosphate  I 156  100-00  100*00  100-00 

Berzelius  represents  bone-earth  as  a compound  of  8 atoms  of  lime  and 
3 of  phosphoric  acid  [8Ca0,3P05],  or  50'9  lime  -f  49*1  phosphoric  acid 
per  cent..,  and  Graham,  referring  to  this  statement,  observes,  “that  ivhen 
moderately  dried,  the  precipitated  bone-earth  retains  4 equivalents  of 
-water,  and  as  it  is  a tribasic  pho.sphate,  its  formula  probably  is  2[3CaO, 
PO5]  -f  II0,2Ca0,P05  3IIO.”  But  the  experiments  of  Fuchs  and 
others  show  the  identity  of  the  above  tribasic  phosphate  and  bone-earth, 
and  render  the  complex  formula  of  Berzelius  unnecessary. 

W hen  bone-phosphate  is  intensely  heated  with  silica  and  charcoal  it 
yields  phosphorus  and  carbonic  oxide.  (See  Wohler’s  process,  p.  413.) 
Digested  in  dilute  sulphuric  acid,  this  phosphate  is  resolved  into  sulphate  of 
lime,  and  (if  a sufficiency  of  sulphuric  acid  be  used)  phosphoric  acid:  thus 

1 atom  of  bone-phosphate  and  3 of  oil  of  vitriol,  yield  3 atoms  of  sulphate 
of  lime  and  1 of  phosphoric  acid;  3Ca0,P05 -f  3S03  = 3 [CaO,S03] -f- 
PO5.  If  less  sulphuric  acid  be  used,  an  acid  pho.sphate  of  lime  is  formed 
instead  of  free  phosphoric  acid;  thus,  I atom  of  bone-phosphate  and  2 of 
sulphuric  acid,  yield  sulpliate  of  lime  and  monophosphate  of  lime ; 3CaO, 
r05 -f  2S03  r=:  2 [CaO,S03]  -f- CaO,P05.  (Dobereiner.  Berzelius.) 
riydrochloric  and  nitric  acids  readily  dissolve  bone-phosphate  (abstracting 

2 atoms  of  its  lime  and  leaving  CaO,r05  in  solution?)  Acetic  acid,  and 
water  saturated  -with  carbonic  acid,  also  dissolve  it.  Caustic  ammonia 
added  to  these  acid  solutions,  throws  down  the  original  phosphate.  It  is 
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also  slightly  soluble  in  solutions  of  ammoniacal  salts  and  of  chloride  of 
sodium : and  when  recently  precipitated,  it  is  slightly  soluble  in  water. 
(R.  Phillips,  A7i?i.  of  Phil.^  xxii.  108.)  Water  containing  starch  or  gela- 
tine in  solution,  dissolves  it  somewhat  more  freely. 

Native  phos])hate  of  lime  (bone  phosphate)  occurs  in  the  minerals 
called  apatite^  moroxite^  phosphorite  and  asparagus  stone;  its  primitive 
form  is  a six-sided  prism:  it  also  occurs  in  volcanic  products;  the  former 
varieties  phosphoresce  when  heated,  hut  not  the  latter.  Crystallized 
apatite  is  found  of  great  beauty  in  Cornwall  and  Devon ; the  massive 
varieties  are  found  at  Schlackenw'ald,  in  Bohemia,  and  Estremadura,  in 
Spain.  (See  Daubeny,  on  the  locality  and  composition  of  the  Estre- 
madura Phosphate,  Mem,  Chem.  Soc.,  ii.  97-)  This  is  one  of  the  most 
beautiful  of  the  phosphorescent  minerals.  When  fragments  of  it  are 
placed  upon  iron  heated  just  below  redness,  they  shine  with  a brilliant 
pale  green  light.  In  these  minerals  the  phosphate  is  generally  asso- 
ciated with  fluoride  of  calcium,  the  formula  of  apatite  being  3[3CaO, 
POs]  -{-  CaF.  The  substances  known  under  the  name  of  coprolites^  and 
which  appear  to  he  the  excrements  of  fossil  reptiles,  also  abound  in 
phosphate  of  lime.  On  the  shore  at  Lyme  Regis,  and  in  the  lias  of  the 
estuary  of  the  Severn,  they  are  singularly  abundant,  lying  in  some  parts 
‘‘like  potatoes  scattered  upon  the  ground:”  they  occur  in  greater  or 
less  abundance  throughout  the  lias  of  England,  and  in  strata  of  all  ages 
that  contain  the  remains  of  carnivorous  reptiles : in  external  form  they 
resemble  oblong  pebbles,  mostly  from  two  to  four  inches  in  length, 
and  one  to  two  in  diameter;  but  they  vary  in  size  with  the  calibre  of 
the  intestines  which  have  produced  them : their  usual  color  is  ash-grey 
interspersed  with  black ; their  texture  resembles  indurated  clay,  having  a 
conchoidal  and  glossy  fracture : the  scales  and  occasionally  the  teeth 
and  hones  of  fishes  are  irregularly  dispersed  through  them.  (Bucklanh, 
Bridgwater  Treatise;  and  Trans.  Geol.  Soc.,  1829.)  Phosphate  of  lime 
is  found  in  small  quantities  in  some  varieties  of  chalk,  and  in  certain 
schists,  and  other  rocks,  and  its  presence  in  all  fertile  soils,  and  in  the 
vegetables  they  produce,  and  through  which  it  is  conveyed  to  the  animals 
that  feed  upon  them,  are  circumstances  bearing  most  importantly  upon 
agriculture,  and  which  give  great  interest  to  the  economy  of  bone  manure, 
and  other  sources  of  the  phosphates.  Minute  quantities  of  phosphate  of 
lime  and  phosphate  of  iron  have  been  detected  by  Graham  in  the  water 
of  the  deep  wells  of  London ; he  was  led  to  look  for  it  from  the  rapid 
growth  of  conferva,  and  supposes  that  the  superiority  of  certain  waters 
for  irrigation  may  depend  upon  the  presence  of  phosphoric  acid.  From 
100  parts  of  the  residue  of  the  evaporation  of  the  water  of  a deep  well 
near  Long  acre,  he  obtained  53  sulphate  of  soda,  22  chloride  of  sodium, 
11  carbonate  of  soda,  11  carbonate  of  lime,  2 carbonate  of  magnesia,  1 
silica,  0*43  phosphate  of  iron,  0*34  phosphate  of  lime.  {Mem.  Ch.  Soc.^ 
May,  1845.) 

2.  Tribasic  Diphosphate  of  Lime  and  Water.  2Ca0,H0,P05 -f 
3HO.  When  solution  of  common  phosphate  of  soda  is  added  drop  by 
drop  to  a solution  of  chloride  of  calcium,  this  compound  is  formed,  in 
small  opaque  acicular  crystals : [if  excess  of  the  phosphate  of  soda  be 
added,  the  precipitate  gives  phosphoric  acid  to  the  soda  salt,  and  becomes 
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bone-cartli  phosphate.]  It  is  insoluble  in  water,  but  very  soluble  in  dilute 
acids:  held  in  solution  by  carbonic  acid,  it  is  occasionally  found  in 
mineral  waters.  (Berzelius.)  It  consists  of 

Berzelius. 

Lime  2 ....  5G  ....  34-15  ....  35-42 

Phosphoric  acid  1 ....  72  ....  43-90  ....  41-90 

Water  (basic)  1 ....  9 ....  5-481  99-r8 

Water  of  crystallization  3 ....  27  ....  lG-47) 

Crystallized  tribasic  diphosphate 
of  lime  and  water 

A phosphate  of  lime  zr=  2Ca0,II0,P05  + 5HO,  is  described  by  Dr. 
Percy  {Mem.  Ch.  Aoc.,  II.  222),  as  obtained  by  adding  a solution  of  chlo- 
ride of  calcium  to  a dilute  solution  of  common  phosphate  of  soda,  till  pre- 
cipitation ceases,  then  passing  carbonic  acid,  for  about  an  hour,  through 
the  mixture,  filtering,  and  setting  aside.  In  a day  or  two  white  scaly 
crystals  (rhomboidal  plates)  are  deposited,  having  the  above  formula.  All 
their  water  is  expelled  by  a red  heat. 

3.  Pyrophosphate  of  Lime.  Bibasic  Phosphate  of  Lime.  2CaO, 
^P05.  This  salt  is  probably  produced  by  heating  the  preceding  to  red- 
ness, when  it  parts  with  the  whole  of  its  water,  and  leaves  an  anhydrous 
bibasic  phosphate. 

4.  Metaphosphate  of  Lime.  Monobasic  Phosphate.  Ca0,<7P05. 
When  a solution  of  any  one  of  the  preceding  salts  in  phosphoric,  hydro- 
chloric, or  nitric  acids  is  evaporated,  small  sour  and  deliquescent  crystals 
are  deposited,  which,  when  heated  to  redness,  give  off  water  and  leave 
an  insoluble  vitreous  monophosphate : the  same  salt  results  as  above 
stated  from  the  action  of  2 atoms  of  oil  of  vitriol  upon  1 of  bone  phos- 


phate. It  consists  of 

Lime  1 ....  28 

Pliosplioric  acid 1 ....  72 

Metaphospliate  of  lime 1 100 


Hydrated  metaphosphate  of  lime  is  thrown  down  in  the  form  of  a 
transparent  viscid  precipitate  when  metaphosphate  of  soda  is  added  to 
chloride  of  calcium.  (Graham.) 

Calcium  and  Selenium.  Protoselenmret  of  calcium  is  obtained  by 
heating  perseleniuret  to  redness : it  is  of  a reddish  color,  insoluble  and 
tasteless  : the  same  compound  is  thrown  down  in  the  form  of  a flesh-red 
precipitate  when  solutions  of  chloride  of  calcium  and  seleniuret  of  potas- 
sium are  mixed.  Pcy' seleniuret  of  caleium  (mixed  with  selenite  of  lime) 
is  formed  when  a mixture  of  selenium  and  lime  is  heated  nearly  to  red- 
ness : a dark  brown  insipid,  inodorous,  insoluble  substance  results,  from 
which  acids  separate  selenium  in  a red  flocculent  form.  (Berzelius, 
Pehrhucli.^ 

Selenite  of  Lime.  Berzelius  has  described  a neutral  selenite  and 
a hiselenite  of  lime.  The  former  gradually  falls  in  a pulverulent  form, 
from  a solution  obtained  by  the  action  of  selenious  acid  on  carbonate  of 
lime.  If  fused  at  a red  heat  in  a glass  vessel,  it  corrodes  and  passes 
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tlirougli  it.  When  dissolved  in  selenious  acid  small  prismatic  crystals  of 
hiseleniic  of  lime  are  obtained,  ■which  are  permanent  in  the  air:  Avhen 
heated,  or  digested  in  ammonia,  they  lose  acid,  and  become  neutral. 
(^Ann.  Ch,  et  F/i.,  ix.  263.) 

Seleniate  of  Lime  has  not  been  examined. 

Carbonate  of  Lime,  Ca0,C02,  is  the  most  abundant  compound  of 
this  earth ; it  exists  in  river  and  spring  water,  and,  consequently,  in  the 
ocean,  and  is  an  essential  ingredient  in  fertile  soils:  when  lime-water  is 
exposed  to  air,  it  becomes  gradually  covered  with  an  insoluble  film  of 
carbonate  of  lime  : hence  its  use  as  a test  of  the  presence  of  carbonic 
acid ; but  excess  of  carbonic  acid  redissolves  it,  producing  a supercar- 
bonate. It  follows,  therefore,  that  if  lime-water  be  added  in  equivalent 
proportion  to  water  holding  carbonate  of  lime  in  solution  by  excess  of 
carbonic  acid,  the  whole  of  the  lime  may  be  thrown  dowm  in  the  form  of 
an  insoluble  carbonate,  and  the  water  will  remain  pure.  UiDon  this  prin- 
ciple Professor  Clark,  of  Aberdeen,  proposes  to  render  waters  which  are 
hard  and  unfit  for  domestic  use  in  consequence  of  the  carbonate  of  lime 
dissolved  in  them  by  excess  of  carbonic  acid,  soft  and  pure  by  the  due 
addition  of  lime  or  lime-water:  he  has  patented  this  process,  which,  how- 
ever, is  scarcely  practically  applicable.  “ What  occurs  in  this  operation,” 
he  observes,  “ will  be  understood  if  we  suppose  that  one  pound  of  chalk, 
after  being  burned  to  nine  ounces  of  caustic  lime,  is  dissolved,  so  as  to 
form  forty  gallons  of  lime-water ; that  another  pound  is  dissolved  by 
seven  ounces  of  extra  carbonic  acid,  so  as  to  form  500  gallons  of  a solu- 
tion of  bicarbonate  of  lime ; and  that  the  two  solutions  are  mixed, 
making  up  together  540  gallons.  The  nine  ounces  of  caustic  lime  from 
the  one  pound  of  chalk  unites  with  the  seven  extra  ounces  of  carbonic 
acid  that  hold  the  other  pound  of  chalk  in  solution.  These  nine  ounces 
of  caustic  lime  and  seven  ounces  of  carbonic  acid  form  sixteeen  ounces, 
that  is,  one  pound  of  chalk,  which  being  insoluble  in  water,  becomes 
visible,  at  the  same  time  that  the  other  pound  of  chalk,  being  deprived  of 
the  extra  seven  ounces  of  carbonic  acid  that  kept  it  in  solution,  reappears. 
Both  pounds  of  clialk  will  be  found  at  the  bottom  after  subsidence.  The 
540  gallons  of  water  will  remain  above,  clear  and  colorless,  without 
holding  iji  solution  any  sensible  quantity  either  of  caustic  lime  or  of 
bicarbonate  of  lime.”  Carbonate  of  lime  is  also  precij)itated  by  the  car- 
bonated alkalis  from  solutions  of  calcareous  salts.  It  is  a tasteless  white 
powder,  insoluble  in  pure  water  (or,  according  to  Bucholz,  soluble  in 
16000  parts  of  pure  water?)  and  having  no  alkaline  reaction.  Exposed 
for  a sufficient  time  to  the  joint  action  of  a red  heat  and  a current  of 
air,  the  whole  of  the  carbonic  acid  escapes,  to  the  amount  of  44  per  cent. 
and  quick-lime  is  obtained.  Hence  carbonate  of  lime  consists  of 

Erdmann 

and 

Kirwan.  Marcct.  Strom  oyer.  Berzelius.  Marchand. 

Lime 1....  28  ....  56  ....  55  ....  56‘1  ....  50'35  ....  564  ....  58 

Carbonic  acid  ....  1....  22  ....  44  ....  45  ....  43'9  ....  43'G‘5  ....  43’G  ....  44 

Carbonate  of  lime  1 50  100  100  100  0 lOO'OO  lOO’O  100 

Mr.  Daniell  ol)tained  crystals  of  carbonate  of  lime  from  a solution  of 

lime  in  syrup.  When  a solution  obtained  by  boiling  together  1 part  of 
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hydrate  of  lime,  3 of  sugar,  and  6 of  water,  was  filtered  and  exposed  for 
fifteen  days  to  the  air.  Gay  Lussac  found  the  whole  of  the  lime  depo- 
sited in  acute  rhomhic  crystals,  consisting  of  1 atom  of  carbonate  of  lime 
and  5 of  water.  In  this  case,  the  carbonic  acid  is  derived  from  the 
atmosphere.  These  crystals  are  not  changed  by  cold  Avater,  but  in  hot 
Avater,  or  exposed  to  air,  they  gradually  fall  to  poAvder  Boiled  in 
alcohol  they  retain  their  form,  but  lose  2 atoms  of  Avater,  becoming 
Ca0,C02,3H0.  {Ann,  Ch.  et  Ph.^  XLviii.  301.)  AYhat  is  termed  crcnw 
of  lime  gradually  absorbs  carbonic  acid  to  the  amount  of  half  an  equiva- 
lent, AA'hen  exposed  to  the  air,  and  forms  a definite  compound  of  liydrate 
and  carbonate.  In  an  atmosphere  of  carbonic  acid  it  rapidly  combines 
Avith  lialf  an  equivalent  of  carbonic  acid,  but  does  not  acquire  three- 
fourths  of  an  equivalent  by  2 or  3 Avecks’  exposure  to  such  an  atmosphere. 
(Graiiaai.)  It  also  appears  that  in  burning  lime  one  half  of  the  car- 
bonic acid  escapes  more  easily  than  the  other,  indicating  the  existence  of 
a dicarbonate  = 2Ca0,C02.  (Fucns,  Poggend.,  xxvii.  COI.) 

Native  Car'honate  of  Lime  occurs  in  great  abundance  and  in  various 
forms.  The  primitive  form  of  crystallized  carbonate  of  lime,  or  cal- 
cai'eous  spar,,  is  an  obtuse  rhomboid  of  105°  5^  and  ^4°  55'  (Wollaston), 
101°  59'  and  73^  50'  (Duaias).  Its  specific  gravity  is  2’72.  It  occurs 
in  every  kind  of  rock,  and  its  secondary  forms  are  more  numerous  than 
those  of  any  other  substance.  Bournon,  in  his  Trade  de  Mineralogie,, 
has  described  and  figured  six  hundred  and  eighty  modifications.  What 
is  termed  Iceland  spar  is  this  substance,  in  its  primitive  form,  and  of 
extreme  purity^';  it  is  highly  doubly  refractive  (p.  94)  Avhen  transparent; 
some  of  the  varieties  are  opaque  or  translucent,  snoAV-Avhite,  or  tinged  of 
different  hues.  The  mineral  is  recognised  by  its  foliated  and  rhomboidal 
fracture  and  its  moderate  hardness,  being  scratched  by  fluor-spar;  before 
the  bloAA"-pipe  it  loses  carbonic  acid,  and  becoming  lime,,  is  intensely  lumi- 
nous; it  dissolves  Avith  effervescence  in  hydrochloric  acid,  and  the  solution, 
AA’hen  much  diluted,  affords  a Avhite  precipitate  Avith  oxalate  of  ammonia. 
Carbonate  of  lime  sometimes  forms  stalactites  and  stalagmites  (from 
(TTaXai^cv,  I drop,  and  arakaypa^  a drop),  of  Avhich  some  of  the  caverns 
of  Derbyshire  furnish  magnificent  specimens;  it  is  there  deposited  from 
its  solution  in  AA’ater  acidulated  by  carbonic  acid,  and  substances  im- 
mersed in  this  Avater  become  incrusted  by  carbonate  of  lime  AA’Iien  the 
excess  of  acid  flies  off,  as  seen  in  the  petrifying- well  at  Matlock.  A 
fibrous  carbonate  of  lime,  called  satin-spar,,  is  found  in  Cumberland. 

A peculiar  variety  of  carbonate  of  lime,  originally  found  in  Arragon, 
in  Spain,  has  been  termed  Arragonite ; it  often  occurs  in  six-sided  crystals 
of  a reddish  color,  and  harder  than  the  common  carbonate.  There  is  an 
acicular  or  fibrous  A'ariety,  found  in  France  and  Germany;  and  the  Avhite 
radiated  substance,  improperly  called is  also  regarded  as  of  the 


* Erdmann  and  Marchand,  in  a paper 
on  tlie  atomic  weights  of  hydrogen  and  cal- 
cium, have  shown  them,  as  already  stated, 
to  be  1 and  20,  the  composition  of  pure 
carbonate  of  lime  being  accurately  56  lime, 
44  carbonic  acid.  (^Ann,  Ch.  et  Ph.,  Juin, 
1846.)  The  following  is  their  analysis  of 
Iceland  spar: 


Carbonate  of  lime  99*961 

Sdica  0’014 

Magnesia 0’005 

Oxide  of  iron  0’020 

Potassa  or  soda  traces 


Sulphuric  acid,  chlorine,  lluorine  O’OOO 

lOO’OOO 
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same  species.  Some  varieties  contain  about  3 per  cent,  of  strontia.  The 
crystalline  forms  of  Arragonite  have  been  described  in  detail  by  Bournoii 
{Traite  de  Mmeralogie)  ; the  primary  form  is  a right  rhomboidal  prism 
of  116°  10'  (Brooke).  The  crystals  contain  a little  water,  which  they  lose 
when  heated,  and  crumble  into  powder,  by  which  Arragonite  is  distin- 
guished from  calcareous  spar.  It  is  also  heavier,  its  specific  gravity  being 
from  2*8  to  2*9. 

All  the  varieties  of  marble  and  limestone  consist  essentially  of  car- 
bonate of  lime;  of  these,  7vhite  granular  limestone.,  ox  primitive  marble,  is 
most  esteemed;  there  are,  also,  many  colored  varieties  of  extreme 
beauty.  It  is  distinguished  from  secondary  limestone  by  the  absence  of 
organic  remains,  by  its  granularly  foliated  structure,  and  by  its  association 
with  other  primitive  substances.  The  most  celebrated  statuary  marble  is 
that  of  Paros  and  Mons  Pentelicus  near  Athens;  of  these,  some  of  the 
finest  specimens  of  ancient  sculpture  are  composed.  The  marble  of 
Carrara,  or  Luni,  on  the  eastern  coast  of  the  Gulf  of  Genoa,  is  also  much 
esteemed;  it  is  milk-white  and  less  crystalline  than  the  Parian. 

Many  beautiful  secondary  marbles  for  ornamental  purposes  are  quar- 
ried in  Derbyshire,  and  especially  the  black  marble,  called  also  Lucullite, 
from  the  admiration  bestowed  on  it  by  Lucius  Lucullus.  (Pliny,  Hist. 
Nat.,  xxxvi.  8.)  Its  color  appears  to  depend  upon  a small  quantity  of 
carbonaceous  matter.  Westmoreland  and  Devonshire  also  afford  beau- 
tiful varieties  of  ornamental  marble;  and  in  Anglesea,  a marble  inter- 
mixed with  green  serpentine  is  found,  little  inferior  in  beauty  to  the  verd 
antique. 

Among  the  inferior  limestones,  we  enumerate  many  varieties,  such  as 
common  7narble;  bituminous  limestone,  abundant  upon  the  Avon,  near 
Bristol,  and  known  under  the  name  of  swme-stone  or  stink-stone,  from 
the  peculiar  smell  which  it  affords  when  rubbed;  Oolite  or  Roestone,  of 
which  the  houses  of  Bath  are  built;  and  its  variety,  called  Portland- 
stone;  Pisolite,  ox  peastone,  consisting  of  small  rounded  masses,  composed 
of  concentric  layers,  with  a grain  of  sand  in  the  centre;  and  lastly  chalk^ 
and  marl. 

All  these  substances  are  more  or  less  employed  for  ornamental  or  useful 


* The  chalk  of  the  Brighton  Cliffs,  and 
probably  elsewhere,  contains  about  0*1 
ce7it.  of  phosphate  of  lime ; the  following 
is  its  analysis,  by  Dr.  Schweitzer.  {Mem. 


Ch.  Soc.,  Apr.  1842) : 

Carbonate  of  lime 98*57 

,,  of  magnesia 0*38 

Phosphate  of  lime 0*1 1 

Protoxide  of  iron 0*08 

,,  of  manganese  0*06 

Alumina  0*16 

Silica 0*64 


100-00 

“To  ascertain  the  quantity  of  phos- 
phoric acid,  I followed  Dr.  Schulze’s  me- 
thod {Journal  furpratk.  Chemie,  xxi.  S. 
387-389),  which  he  recommends  for  the 
analytical  investigation  of  soils.  The  pro- 
cess is  based  upon  the  fact,  that  phosphate 


of  lime  and  phosphate  of  magnesia  are  so- 
luble in  acetic  acid,  while  the  phosphate  of 
peroxide  of  iron  and  phosphate  of  alumina 
are  not  so.  This  being  the  case,  the  soil 
or  mineral  is  to  be  treated  with  hydro- 
chloric acid,  and  the  iron  which  the  solu- 
tion contains  peroxidised,  (the  phosphate 
of  protoxide  of  iron  being  soluble  in  acetic 
acid.)  Should  the  muriatic  solution  con- 
tain more  phosphoric  acid  than  oxide  of 
iron  or  alumina,  (which  seldom  is  the  case, 
as  the  latter  are  usually  predominant,)  per- 
oxide of  iron  or  alumina  is  to  be  added,  the 
solution  must  also  be  freed  from  every  trace 
of  silica.  The  earthy  muriates  are  precipi- 
tated with  ammonia,  after  which  acetic  acid 
is  added,  and  the  whole  gently  digested. 
The  precipitate  will  dissolve  again,  with  the 
exception  of  the  phosphates  of  peroxide  of 
iron  and  alumina.  When  both  these  in- 
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purposes;  they  afford  quick-lime  when  burned,  and  in  that  state  are  of 
great  importance  in  agriculture,  and  as  ingredients  in  the  cements  used  for 
building.  There  is  a great  variety  of  limestones  used  for  burning  into 
quick-lime,  and,  generally  speaking,  any  of  the  varieties  may  be  employed 
which  neither  fuse  nor  crumble  into  powder  at  the  temperature  required 
to  expel  the  carbonic  acid,  which  is  a full  red-heat. 

Lime-huruing.  Although  all  the  species  of  limestone  may,  by  burning, 
be  brought  to  the  state  of  quick-lime,  the  substances  belonging  to  the 
family  of  comjmct  limestone  are  the  only  ones  that  are  employed  for  this 
purpose  in  the  large  way.  Sometimes  calcareous  spar,  and  statuary 
marble,  are  used  in  the  laboratory  for  the  purpose  of  procuring  a lime 
purer  than  ordinary.  But  owing  to  the  crystalline  texture  of  these  sub- 
stances, the  laminae  of  which  they  are  composed  part  from  each  other 
during  the  escape  of  the  carbonic  acid,  so  that  by  the  time  they  are 
rendered  caustic,  their  cohesion  is  destroyed,  and  they  are  reduced  to  the 
state  of  sand,  a circumstance  which  must  always  prevent  them  from  being 
used  in  kilns  of  the  common  construction.  The  lime-kiln  at  present 
almost  universally  employed  in  this  country,  is  a cup-shaped  concavity, 
in  a solid  mass  of  masonry,  open  at  top  and  terminated  at  bottom 'by  a 
grate,  immediately  above  which  is  an  iron  door.  This  simple  furnace  is 
first  charged  with  fuel,  (either  wood,  or  coal  and  cinders,  but  more  com- 
monly the  latter,)  upon  which  is  afterwards  laid  a stratum  about  a foot 
thick  of  limestone,  broken  into  pieces  not  larger  than  the  fist;  to  this 
succeeds  a charge  of  fuel;  and  so  on  alternately,  keeping  the  kiln  always 
full.  The  pieces  of  limestone  descend  towards  the  bottom  of  the  kiln  in 
proportion  as  the  fuel  is  consumed,  being  in  the  mean  time  kept  at  a pretty 
full  red-heat.  At  this  temperature,  the  water  and  carbonic  acid  are 
driven  off;  and  by  the  time  the  limestone  arrives  at  the  bottom  of  the 
kiln,  which  happens  in  about  forty-eight  hours,  it  is  rendered  perfectly 
caustic.  The  door  above  the  grate  is  then  opened,  and  the  lime  below  the 
next  descending  stratum  of  fuel  is  raked  out ; the  remaining  contents  of 
the  furnace  sink  down,  and  a fresh  charge  is  laid  on  the  top.  The  compact 
limestone,  after  having  undergone  this  process,  though  much  lighter  and 
more  porous  than  before,  still  retains  its  figure  unaltered;  hence  it  is 
readily  separable  from  the  ashes  of  the  fuel,  and  is  sufficiently  hard  to  be 
carried  from  place  to  place  without  falling  to  pieces.  (Aikin’s  JDictionaiy^ 
Art.  Lime;  Ure’s  Dictionary  of  Arts^  and  Dumas,  Chimie  ajjp.  aux  Arts, 
ii.  481 ; and  in  reference  to  the  use  of  argillaceous  limestones  for 
cements  and  mortar,  see  Yicat,  Recherches  experiment  ales,  Paris,  1818, 
and  Ann.  Ch.  ct  Ph.,  3rd  Series,  ii.  426.) 

Attempts  have  been  made  to  burn  lime,  or,  in  other  words,  to  expel 
the  carbonic  acid  from  limestone,  in  close  vessels,  but  the  carbonic  acid 


gredients  enter  into  the  precipitate,  caustic 
potassa  will  give  the  means  of  ascertaining 
their  respective  quantities.’’ 

‘ “ The  solubility  of  the  phosphate  of  prot- 
oxide of  iron,  and  the  insolubility  of  per- 
oxide of  iron,  in  acetic  acid,  when  freshly 
precipitated,  give  an  excellent  method  to 
separate  quantitatively  these  two  degrees  of 
oxidation.  The  manipulation  is  obvious, 


“ The  discovery  by  Professor  Ehren- 
berg,  that  the  Brighton  chalk  consists  of 
microscopic  shells,  is  a decided  proof  of  its 
animal  origin,  to  which  may  now  be  added 
an  additional  one,  viz.,  the  presence  of 
phosphate  of  lime,  which  is  a usual,  al- 
though secondary  ingredient  of  the  shells  of 
Crustacese.” 
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cannot,  under  such  circumstances,  he  driven  off;  and,  indeed,  Bucholz 
found,  that  upon  strongly  heating  five  or  six  pounds  of  pure  chalk,  closely 
pressed  into  a crucible,  and  out  of  the  access  of  air  and  its  watery  vapor, 
scarcely  any  carbonic  acid  was  driven  off;  but,  with  the  exception  of  a 
small  portion  upon  the  surface,  the  contents  of  the  crucible  were  converted 
into  a hard,  foliated,  yellowish  mass,  retaining  nearly  the  Avhole  of  the 
carbonic  acid,  semi-transparent,  and  evidently  having  undergone  incipient 
fusion.  (Gehlen’s  Second  Series,  i.  271.)  This  agrees  with  Sir 

James  Hall’s  experiments,  who,  by  exposing  powdered  chalk  to  great  heat 
and  pressure,  succeeded  in  fusing  it  (without  escape  of  carbonic  acid), 
and  thus  imitating  the  process  of  nature,  by  which  he  supposes  marble  to 
have  been  formed.  (Phil,  Trans.  Edinb.^  vol.  vi.) 

Carbonate  of  Lime  and  Soda.  A mineral  named  Gay  Lussite  con- 
tains 1 atom  of  carbonate  of  lime,  1 of  carbonate  of  soda,  5 water.  (Bous- 
siNGAULT,  Ann.  Ch.  et  PJi.,  xVpril,  1843.) 

Cyanide  of  Calcium  has  not  been  obtained.  When  hydrate  of  lime 
is  digested  in  hydrocyanic  acid,  a solution  of  hydrocyanate  of  lime  is 
formed,  which  upon  evaporation  is  resolved  into  ammonia  and  carbonate 
of  lime. 

SuLPiiocYANiDE  OF  Calcium  foiTiis  deliqucsceiit  acicular  crystals,  soluble 
in  water  and  in  alcohol. 

Mellonide  of  Calcium  is  soluble  in  boiling  water,  and  separates  as 
the  solution  cools  in  acicular  crystals,  containing  24  per  cent,  of  water. 
(Liebig.) 

Borate  of  Lime  is  a white  tasteless  powder  of  very  difficult  solubility 
in  water.  At  a red  heat  it  forms  a vitreous  mass.  According  to  Tiin- 
nermann  (Gmeltn,  HandbucJi).,  the  precipitate  formed  on  adding  a solu- 
tion of  borax  to  nitrate  of  lime,  is  a monohydrated  biborate,  ==:  CaO, 
2B03,II0,  the  anhydrous  salt  consisting  of 


Tiinnermann. 

Lime 1 ....  23  ....  28-5G  ....  30*17 

Boracic  acid 2 ....  70  ....  71 '44  ....  69*83 


Biborate  of  lime  ....  1 98  lOO'OO  lOO'OO 

Fluoborate  of  Li]me  forms  a gelatinous  mass,  which  has  an  acid 
taste  and  reddens  litmus.  Water,  especially  boiling,  resolves  it  into  a basic 
and  acid  salt.  (Berzelius.) 

Characters  of  the  Salts  of  Lime.  These  salts  have  the  following 
properties:  those  which  are  soluble  in  Avater  are  not  altered  by  pure  am- 
monia, but  they  are  decomposed  by  potassa  and  soda,  Avhich  throw 
down  hydrate  of  lime.  They  are  also  decomposed  by  the  carbonates  of 
potassa,  soda,  and  ammonia,  Avhich  produce  precipitates  of  carbonate  of 
lime.  Oxalate  of  ammonia  produces  in  their  solutions  a white  precipitate 
of  oxalate  of  lime,  which,  exposed  to  a red-heat,  affords  carbonate  of  lime 
or  pure  lime.  It  is  soluble  in  nitric  and  hydrochloric  acids,  but  scarcely 
soluble  in  acetic  acid.  Tliis  test  will  detect  1 part  of  lime  in  most  of  the 
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salts  of  lime,  in  50000  of  water,  and  even  after  a time,  an  opaleseence 
ensues  where  the  amount  of  lime  does  not  exceed  100,000th.  The  soluble 
sulphates  throw  down  sulphate  of  lime  from  such  solutions  of  the  salts  of 
lime  as  are  not  very  dilute.  Ferrocyanide  of  potassium  does  not  affect 
dilute  solutions  of  the  salts  of  lime,  but  when  very  concentrated,  they  give 
after  some  time  a white  flocculeiit  deposit.  Such  of  the  salts  as  are  soluble 
in  alcohol,  tinge  the  edge  of  its  flame  of  a reddish  color,  somewhat  like 
the  tint  given  by  the  salts  of  strontia.  Those  salts  of  lime  which  are 
msoJnhle  in  water,  are  decomposed  by  being  boiled  with  carbonate  of 
potassa,  and  aftbrd  carbonate  erf  lime:  they  are  mostly  readily  soluble  in 
nitric  and  hydrochloric  acids. 

§ V.  BARIUM.  Ba.  69. 

Tins  metal  was  discovered  by  Dav}^,  in  1808 ; he  obtained  it  by  placing 
a globule  of  mercury  upon  moistened  baryta^  Ijiiig  upon  a plate  of  plati- 
num in  connexion  with  the  positive  pole  of  a powerful  Voltaic  battery: 
the  negative  wire  Avas  then  brought  into  contact  with  the  mercury,  tvliich, 
combining  Avith  the  evolved  barium,  gradually  became  an  amalgam;  this 
AAais  heated  out  of  the  contact  of  air  so  as  to  distil  off  the  mercury,  and 
the  barium  remained.  Barium  may  also  be  procured  by  passing  potassium 
in  Ampor  over  baryta  heated  to  redness  in  an  iron  tube,  and  afterAvards 
Avithdrawing  the  reduced  barium,  Avhich  the  residue  contains,  by  means  of 
mercury ; the  latter  metal  is  separated  by  distillation  in  a retort,  care 
being  taken  not  to  raise  the  temperature  to  redness,  for  then  the  barium 
decomposes  glass.  (Graham.) 

Barium  has  a specific  gravity  above  2.  It  is  of  an  iron-grey  color,  and 
rapidly  absorbs  oxygen;  Avhen  gently  heated,  it  burns  AAuth  a red  light;  it 
decomposes  Avater,  evolAung  hydrogen,  and  forming  a solution  of  baryta; 
its  properties,  hoAA’’eATr,  have  hitherto  not  been  accurately  ascertained. 
Its  erjuValent  is  69.  (68*6  Gmelin,  68"7  Berzelius  and  Turner.) 

Oxide  of  Bariuai.  Baryta.  BaO,  is  obtained  by  exposing  pure 
nitrate  of  bariita  for  some  time  to  a bright  red-heat  in  a porcelain  retort 
or  covered  crucible;  it  acts  upon  platinum,  and  if  a silver  crucible  be 
employed,  the  heat  required  for  the  perfect  decomposition  of  the  nitrate  is 
such  as  to  endanger  its  fusion.  Baryta  may  also  be  obtained  by  subjecting 
artificial  carbonate  of  baryta  (avIhcIi  see)  to  an  intense  Avhite  heat,  tho- 
roughly mixed  Avith  about  10  per  cent,  of  finely-poAvdered  charcoal,  in  a 
plumbago  crucible. 

Graham  uses  iodate  of  baryta  as  a source  of  pure  baryta:  it  may  bo 
fused  in  a porcelain  retort,  and  is  more  easily'  decomposed  than  the  nitrate ; 
it  has  not  the  troublesome  property  of  fusing  and  swelling  up  Avhen 
heated,  Avhich  the  latter  salt  possesses/  The  iodine  comes  off  Avith  the 
oxygen,  and  may  be  recovered.  (See  iodate  of  baryta.) 

Baryta  is  generally  in  the  form  of  a porous  mass,  or  grey  poAvder,  and 
Avhen  pure,  is  very  ditficult  of  fusion.  Its  specific  gravity  is  about  4,  hence 
the  name  Baryta.^  as  being  the  heaviest  of  the  substances  usually  called 
earths  (from  jSapv;,  heavy).  It  has  a strong  alkaline  taste,  and  reaction 
on  A'egetable  colors.  It  is  insoluble  in  alcohol.  It  eagerly  absorbs  water, 
heat  is  evolved,  and  a AA'liite  hydrate  is  formed.  After  long  exposure  to 
VoL.  II.  2 X 
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air  it  becomes  white,  and  is  a mixture  of  the  hydrate  and  carbonate. 
Baryta,  considered  as  a protoxide  of  barium^  consists  of 


Davy.  Berzelius. 

Barium 1 ....  69  ....  89G  ....  89’7  ....  89'65 

Oxygen 1 ....  8 ....  10’4  ....  10'3  ....  10’45 


Baryta  1 77  lOO’O  100  0 lOO’OO 


Hydrate  of  Baryta.  BaO,HO.  When  pure  baryta  is  sprinkled 
with  water  it  absorbs  it,  becomes  intensely  hot,  and  even,  according  to 
Barry,  incandescent,  {Aim»  of  Phil.^  2nd  Series,  ii.  77?)  and  crumbles 
down  into  a bulky  white  powder,  which  fuses,  but  does  not  give  out  water 


at  a red  heat.  It  is  composed  of 

Baryta 

..  1 .. 

..  77  . 

...  89-53 

Water 

..  1 .. 

..  9 . 

...  10-47 

Hydrate  of  baryta  

..  1 

86 

100-00 

Hydrate  of  baryta  dissolves  in  20  parts  of  cold,  and  in  3 of  boiling, 
water  (Davy),  forming  a solution  which  is  a very  delicate  test  of  the 
presence  of  carbonic  acid,  and  which  speedily  becomes  covered  with  a film 
of  carbonate  of  baryta  when  exposed  to  air.  A saturated  solution  of 
baryta  in  hot  water,  deposits  flattened  hexagonal  prisms  as  it  cools, 
containing,  according  to  Dalton,  20,  but  according  to  Phillips,  10,  equiva- 
lents of  water.  {Phil.  Mag..,  vi.  52,  3rd  Series.)  According  to  Smith 
{Phil.  Mag..,  and  Annals.,  vi.  53,  and  ix.  87),  this  hydrate  contains  9 
atoms  of  water,  7 of  which  it  loses  when  dried  upon  a sand-bath,  and 
retains  2;  of  these  1 is  expelled  at  a red-heat,  and  1 retained,  forming  the 
above  protohydrate.  According  to  Filhol,  the  crystals  of  hydrate  of 
baryta,  dried  in  blotting  paper  at  common  temperature,  contain  48‘6  per 
cent,  of  water  8 equivalents.  {Joiirn.  de  Pharm.^  1845.)  Baryta-water 
is  powerfully  alkaline  and  poisonous : but  when  in  contact  of  carbonic  acid, 
it  becomes  covered  with  successive  films  of  insoluble  carbonate,  so  that  at 
length  pure  water  only  remains. 

Peroxide  of  Barium.  Ba02.  This  compound  is  obtained  when 
baryta  is  heated  in  oxygen,  or  when  dry  oxygen  gas  is  passed  over  frag- 
ments of  baryta  heated  to  dull  redness  in  a glass  or  porcelain  tube : it 
may  also  be  formed  by  adding  1 part  of  chlorate  of  potassa  to  4 of 
baryta,  previously  heated  to  redness  in  a platinum  crucible;  the  oxygen 
of  the  chlorate  combines  with  the  baryta,  and,  by  the  action  of  cold  water, 
the  remaining  chloride  of  potassium  may  be  washed  out,  and  a hydrated 
peroxide  of  barium  remains,  composed  of  1 equivalent  of  baryta,  2 of  oxy- 
gen, and  6 of  water,  which  admits  of  being  dried  at  common  temperatures. 
(Wohler  and  Liebig.)  The  application  of  this  compound  to  the  produc- 
tion of  the  peroxide  of  hydrogen.,  or  oxygenated  water,  has  already  been 
pointed  out  (p.  312).  When  the  anhydrous  peroxide,  which  is  of  a grey 
color,  is  put  into  cold  water,  it  does  not  evolve  heat,  but  becomes  a white, 
pulverulent,  and  insoluble  hydrate,  Ba02,6H0;  but  if  this  be  boiled  in 
water,  it  then  gives  out  an  equivalent  of  oxygen,  and  reverts  to  the  state 
of  protoxide,  which  is  soluble.  When  peroxide  of  barium  is  heated  in 
hydrogen  it  becomes  incandescent,  emitting  a greenish  flame,  and  absorb- 
ing the  gas ; protohydrate  of  baryta  is  the  product. 
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Chloride  op  Barium.  BaCI.  This  compound  may  be  obtained  by 
heating  baryta  in  chlorine,  in  which  case  oxygen  is  evolved,  to  the  amount 
of  half  a volume  for  every  volume  of  chlorine  absorbed;  or  in  hydro- 
chloric acid  gas,  when  it  becomes  red-hot,  and  chloride  of  barium  and 
water  are  the  results.  It  is  generally  formed  by  dissolving  carbonate  of 
baryta  in  diluted  hydrochloric  acid,  evaporating  to  dryness,  and  fusing 
the  residue  in  a covered  platinum  crucible.  It  may  also  be  produced  by 
exposing  a mixture  of  equal  parts  of  powdered  sulphate  of  baryta  and 
chloride  of  calcium  to  a red-heat  for  an  hour,  in  a covered  Hessian  cru- 
cible; the  salts  fuse  and  mutually  decompose  each  other:  when  the 
crucible  has  cooled,  its  contents  are  powdered,  put  into  boiling  water,  well 
stirred  together,  and  filtered  as  rapidly  as  possible,  otherwise  sulphate  of 
baryta  would  be  recomposed;  on  evaporating  the  filtered  liquid  crystals  of 
chloride  of  barium  are  obtained,  Avhilst  the  undecomposed  chloride  of  cal- 
cium remains  in  solution.  (Dumas.) 

Chloride  of  barium,  after  it  has  been  fused  at  a red-heat,  is  translu- 
cent and  of  a greyish  color;  sp.  gr.  3*8 ; its  taste  is  acrid;  it  is  not  deli- 
quescent, but  it  absorbs  aerial  moisture  and  becomes  opaque,  increasing 
in  weight  after  a few  days  to  the  amount  of  13  to  14  per  cent. : ■\vhen 
moistened  it  evolves  heat:  100  parts  of  water  at  32'^  dissolve  between  32 
and  33  parts  of  this  anhydrous  chloride : it  is  insoluble  in  absolute  alcohol, 
(said  to  be  soluble  in  400  parts  of  anhydrous  alcohol;  Graham.)  It  is 
generally  kept  in  aqueous  solution,  {imiriate  of  baryta^')  and  is  in  constant 
use  in  the  laboratory  as  a test  and  precipitant  for  sulphuric  acid : this 
solution  yields,  when  evaporated,  flat  four-sided  crystals,  sp.  gr.  3*049, 
bevelled  at  their  edges,  and  permanent  in  ordinary  states  of  the  atmo- 
sphere, but  efflorescent,  from  the  loss  of  water  of  crystallization,  in  a 
very  dry  air  at  60°.  At  212°  the  water  is  soon  expelled,  and  anhydrous 
chloride  remains.  100  parts  of  water  at  60°  dissolve  about  43  parts  of  these 
crystals,  and  at  222°,  which  is  the  boiling-point  of  the  saturated  solution, 
100  of  water  dissolve  78.  The  anhydrous  chloride  of  barium  consists  of 


Turner. 

Barium  1 ....  C9  ....  65*7  ....  05*984 

Chlorine 1 ....  36  ....  34*3  ....  34*016 


Chloride  of  barium  1 105  100*0  100*000 


The  cr3’stals  contain,  according  to  Phillips,  14*5  per  cent,  of  water  (Ann. 
of  Phil.,  N.S.,  vi.  342).  As  sold  by  chemists,  their  solution  often  gives 
a precipitate  with  pure  ammonia  owing  to  the  presence  of  chloride  of 
lead.  (A.  Taylor.)  The  composition  of  the  crystals  is 


Pleischl.  J.  Davy. 

Chloride  of  barium  1 ....105  ....  85*36  ....  84*3  ....  83*91 

Water  2 ....  18  ....  14*64  ....  15*7  ....  16*09 


Crj’stals  of  hydrated  chloride  of  barium  1 123  100*00  100*0  100*00 

Chlorate  of  Baryta.  BaO,C105,  was  formed  by  Chenevix  in  the 
same  way  as  chlorate  of  potassa,  namely,  by  passing  chlorine  through  an 
aqueous  solution  of  barj^ta;  but  in  consequence  of  the  similar  solubility 
of  chloride  of  barium  and  chlorate  of  baryta,  considerable  difficulty 
attended  the  separation  of  the  products.  It  was  effected  by  adding  to  the 
solution  of  the  mixed  salts,  a solution  of  phosphate  of  silver  in  acetic 

2X2 
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acid,  by  wliicli  tlie  clilorlcle  of  barium  was  decomposed,  and  cliloride  of 
silver  and  phosphate  of  baryta  were  formed,  both  of  which  are  insoluble. 
Chlorate  of  baryta  may  also  be  obtained  by  saturating  aqueous  chloric 
acid  with  hydrate  or  carbonate  of  baryta:  or  it  may  be  formed,  as  sug- 
gested by  Wheeler,  by  adding  a hot  solution  of  chlorate  of  potassa  to  a 
solution  of  silicated  hydrofluoric  acid;  the  potassa  is  precipitated  in  the 
form  of  an  insoluble  silicofluoride  of  potassium,  and  the  chloric  acid 
remains  in  solution,  and  may  be  saturated  with  carbonate  of  baryta,  which 
throws  down  any  excess  of  the  silicated  fluoric  acid,  and  leaves  chlorate  of 
baryta  in  solution,  from  which  the  salt  may  be  obtained  by  evaporation. 

Chlorate  of  baryta  forms  rhombic  prisms,  soluble  in  about  4 parts  of 
water  at  60°,  and  nearly  insoluble  in  alcohol;  they  contain  2 equivalents 
of  water  =:  10  per  cent.  (Ciienevix),  which  is  evolved  at  248°  ; at  482° 
they  begin  to  give  off  oxygen,  and  fuse  at  752°,  giving  off  all  their  oxygen 
and  a trace  of  chlorine:  heated  rapidly  the  salt  is  suddenly  decomposed 
with  detonation.  (Waechter.)  Sprinkled  with  sulphuric  acid  it  be- 
comes luminous.  It  is  decomposed  by  dilute  sulphuric  acid,  furnishing 
sulj)hate  of  baryta  and  chloric  acid,  and  is  the  readiest  source  of  that  acid 
(p.  284).  The  anhydrous  salt  consists  of 


Chencvix. 

Baryta  1 ....  77  ....  50-3  ....  47-3 

Chloric  acid  1 ....  76  ....  49’7  ....  52'7 


Chlorate  of  baryta  ....  1 153  lOO’O  lOO'O 

Perchlorate  of  Baryta.  Ba0,C107,  formed  by  saturating  aqueous 
perchloric  acid  with  baryta,  forms  long  prismatic  crystals,  delicjuescent, 
and  soluble  in  water  and  in  alcohol.  (Serullas,  Ann.  Ch.  et  Pli..,  xLvi. 
303.) 

Iodide  of  Barium.  Bal,  is  formed  by  acting  upon  baryta,  or  carbo- 
nate of  baryta,  by  hydriodic  acid,  evaporating  the  solution,  and  heating 
the  residue.  It  may  also  be  formed  by  passing  hydriodic  acid  gas  over 
baryta ; tlie  action  is  very  intense,  and  it  is  stated  by  Dumas,  that  even 
when  the  gas  is  cooled  down  to  0°  the  baryta  becomes  incandescent:  the 
baryta  and  the  acid  are  of  course  mutually  decomposed,  and  water  and 
iodide  of  barium  are  the  products. 

Iodide  of  barium  may  be  obtained  in  acicular  (hydrated)  crystals;  it 
is  very  soluble  in  water  and  alcohol,  somewhat  deliquescent,  and  Avhen 
exposed  to  the  air  carbonate  of  baryta  is  formed  and  a portion  of  iodine 
set  free.  It  is  not  fusible  at  a red  heat,  and  if  a current  of  oxj^gen  be 
then  directed  upon  it  the  vapor  of  iodine  appears  and  it  becomes  alka- 
line, whence  it  may  be  inferred  that  the  aftiiiity  of  barium  for  oxygen  is 
greater  than  for  iodine.  (Dumas.)  It  consists  of 

Barium  1 ....  69  ....  35’4 

Iodine  1 ....  126  ....  64*6 

Iodide  of  barium  1 195  lOO’O 

loDATE  OF  Baryta.  BaO,I05.  When  iodine  is  added  to  baiyta- 
water,  iodide  of  barium  and  iodate  of  baryta  are  the  results;  the  hitter 
salt,  in  consequence  of  its  little  solubility,  falls  in  the  form  of  a white 
hydrated  precipitate,  which  may  be  purified  by  washing  it  upon  the  filter. 
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It  is  also  formed  by  double  decomposition  when  iodate  of  potassa  or  soda 
is  added  to  a soluble  barytic  salt.  According  to  Millon,  Cli.  el  Ph.^ 

ix.  416.)  it  is  best  formed  by  boiling  caustic  baryta  in  excess  of  iodic 
acid,  and  wasliiiig  with  hot  Avator : it  remains  as  a AAdiite  crystalline 
poAvder,  containing  an  equiA^alent  of  Avater.  Grosourdy  {Jour.  Ch.  Med., 
1843,  p.  373,)  recommends  mixing  iodine  AAoth  solution  of  chloride  of 
barium  and  passing  chlorine  into  it,  till  the  aaRoR  is  coiwcrted  into  iodate 
of  baryta  : if  the  object  be  to  obtain  iodic  acid,  the  iodate  maybe  decom- 
posed by  its  equivalent  of  sulphuric  acid.  If  iodate  of  baryta  be  used  as 
a source  of  pure  baryta  it  requires  to  be  prepared  in  large  quantities,  and 
the  folloAving  process  is  recommended  by  Graham  {Elem.  Chem.)  : Taa^o 
ounces  of  iodine  are  diffused  through  a pint  of  Avater  and  chlorine  passed 
through  it  till  dissoh'ed;  carbonate  of  soda  is  then  added  to  the  acid 
liquor  till  it  is  slightly  alkaline,  Avhen  a large  precipitation  of  iodine  occurs, 
AAdiich  may  be  separated  on  a filter,  and  treated  as  before.  The  filtered 
solution  contains  iodate  of  soda  and  chloride  of  sodium  Avith  a trace  of 
carbonate,  Avliich  may  be  neutralized  Avith  hydrochloric  acid.  On  after- 
Avards  adding  chloride  of  barium  to  the  filtered  solution  so  long  as  a pre- 
cipitate is  produced,  the  aaRoIc  of  the  iodic  acid  aauII  be  throAvn  doAvn  as 
iodate  of  baryta,  aaRIcIi  may  be  collected  on  a filter  and  dried. 

This  salt  may  be  rendered  anhydrous  by  exposure  to  a heat  of  about 
300° ; at  a red-heat  it  evolves  oxygen  and  some  iodine,  and  leaves  a sub- 
periodate. It  is  deposited  in  crystals  from  its  solution  in  hot  nitric  acid. 
At  62°  it  requires  more  than  3000  parts  of  Avater  for  its  solution;  and  at 
212°  about  600  parts.  (Gay  Lussac,  Ann.  Ch.  et  Ph.,  xci.  81.)  It 
consists  of 


Baryta  .... 
Iodic  acid 


1.. ..  77.. ..31*7 

1.. ..1CG....G8-3 


Kammelsbcrg. 

Baryta  1....  77.. ..30*551 

Iodic  acid 1....1GG....G5*50 

Water  1.,..  9....  3*95  ....  3*90 


AD]i>ylroii.s  iodate K ^43  ioo*0  Crystallized  iodate K ^52  loO  OO  100*00  . 
of  baryta  ) ot  baryta  ) ^ 

Periodate  of  Baryta.  BaO,I07,  is  formed  by  heating  a mixture  of 
iodide  and  peroxide  of  barium.  The  suhperiodaie,  obtained  by  heating 
the  iodate  to  redness,  contains  5 atoms  of  baryta  and  1 of  periodic  acid  — 
5Ba0,I07.  This  salt,  dissolved  in  nitric  acid  and  precipitated  by  ammonia, 
yields  a yelloAV  poAvder,  insoluble  in  Avater,  but  easily  soluble  in  nitric 
acid,  containing  5 atoms  of  baryta  and  2 of  periodic  acid  5Ba0,2I07. 
(Raaimelsberg,  Poggend.,  xeIag  572.  Bexckiser,  A?in.  der  Pharm.,  xvii. 
254.  Gmelin,  llandhucli.) 

Bromide  of  Barium.  BaBr,  is  obtained  by  saturating  hydrobromic 
acid  Avith  baryta  and  eAXiporating  to  dryness;  or  a solution  of  sulphurct  of 
barium  may  be  decomposed  by  hydrobromic  acid ; it  is  fusible,  soluble 
in  Avater  and  in  alcohol,  and  crystallizes  in  opaque  niammellated  masses; 
or,  according  to  Henry,  Jun.,  in  Avhite  rhombic  prism.s,  isomorphous  Avith 
chloride  of  barium,  and  containing  1 atom  of  Avater.  The  anhydrous 
bromide  consists  of 

Bariinn 1 ....  G9  ....  4C'9 

Bromine  1 ....  78  ....  53*1 


Bromide  of  barium 


1 


147 


100*0 
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The  solubility  of  bromide  of  barium  in  absolute  alcohol,  affords  a 
means  of  separating  it  from  chloride  of  barium,  which  is  insoluble  in  it, 
or  at  least  very  nearly  so. 


Bromate  op  Baryta,  Ba0,Br05.  When  excess  of  bromine  is 
added  to  baryta-water,  bromate  of  baryta  is  precipitated,  and  bromide  of 
barium  remains  in  solution.  6BaO  + 6Br— 5BaBr -{-Ba0,Br05.  Or,  a 
strong  solution  of  chloride  of  barium  may  be  decomposed  by  bromate  of 
potassa,  in  which  case,  BaCl-b  K0,Br05^Ba0,Br05 -1-KCl.  Bromate 
of  baryta  crystallizes  in  small  rectangular  prisms,  soluble  in  130  of  cold, 
and  in  24  of  boiling  water.  The  crystals  (Ba0,Br05,H0)  require  to  be 
heated  nearly  to  400°  before  they  lose  the  whole  of  their  water,  and  the 
residue  when  highly  heated  deflagrates  into  oxygen  and  bromide  of 
barium  without  any  intermediate  formation  of  a perbromate. 


Baryta 

Bromic  acid 


1.. ..  77....39'5 

1..  ..118... .CO-5 


Baryta 1....  77.. ..37’74... .37*56 

Bromic  acid 1....118.... 57*84.. ..58*03 

Water 1....  9....  4*42...,  4*41 


Anhydrous  bromate  | 
of  baryta 


I 


1 195  1000 


Crystallized  bromate  1 
of  baryta  j 


1 204  100-00  100*00 


Fluoride  of  Barium.  BaF,  is  best  obtained  by  adding  fresh  preci- 
pitated and  moist  carbonate  of  baryta  to  hydrofluoric  acid;  carbonic  acid 
is  expelled,  and  the  fluoride  remains  in  the  form  of  a white  powder,  very 
sparingly  soluble  in  water,  but  soluble  in  hydrochloric  and  nitric  acids.  It 
combines  with  fluoride  of  boron,  forming  prismatic  hydrated  crystals^ 
BaF,BF3,2HO.  (Berzelius.) 

Hyponitrite  of  Baryta.  A salt  having  the  formula  BaO,N03,HO 
is  described  by  Fritzsche,  {Pogge?id.  xix.  179;)  it  is  obtained  by  cau- 
tiously heating  the  nitrate,  dissolving  the  residue  in  w*ater,  and  crys- 
tallizing; or  by  passing  nitrous  acid  vapor  into  baryta- water,  evaporating 
to  dryness,  and  acting  on  the  residue  by  a small  quantity  of  water,  which 
dissolves  the  more  soluble  hyponitrite : its  crystals  are  said  to  resemble 
those  of  the  nitrate.  According  to  Hess,  the  salt  resulting  from  the 
ignition  of  nitrate  of  baryta,  contains  nitric  oxide ; he  represents  it  as 
= BaO,N02  -1-2HO. 

Nitrate  of  Baryta.  BaO,N05,  may  be  produced  by  dissolving  the 
native  carbonate  in  dilute  nitric  acid,  evaporating  to  dryness,  redissolving 
and  crystallizing;  or  by  decomposing  a solution  of  sulphuret  of  barium 
by  dilute  nitric  acid.  It  forms  permanent  octohedral  and  cubo-octohedral 
crystals,  which  are  anhydrous:  their  forms  have  been  described  by  Brooke. 
(Atm.  of  Phil..,  N.  S.,  vii.  21.)  The  taste  of  this  salt  is  acrid  and  astrin- 
gent. It  is  soluble  in  12  parts  of  cold  and  4 of  boiling  water;  or,  accord- 
ing to  Gay  Lussac,  100  parts  of  water,  at  32°,  dissolve  5 parts;  at  58°, 
15*8  parts;  at  120°,  17  parts;  and  at  215°,  35*2  parts.  It  is  insoluble 
in  alcohol.  It  is  decomposed  with  decrepitation  by  a red-heat,  furnishing 
pure  baryta:  this  decomposition  should  be  effected  in  a porcelain  crucible; 
for  if  platinum  be  used  it  is  acted  upon,  and  the  baryta  contaminated  by 
oxide  of  platinum. 

If  a moderately-strong  solution  of  nitrate  of  baryta  be  added  to  nitric 
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acid,  a precipitation  of  nitrate  of  baryta  takes  place,  in  consequence  of  tlie 
difficult  solubility  of  the  nitrate  in  the  dilute  acid ; in  the  concentrated 
acid  the  nitrate  is  quite  insoluble  : hence,  in  using  nitrate  of  baryta  as  a 
test  of  the  presence  of  sulphuric  acid  in  nitric  acid,  the  latter  should  be 
considerably  diluted  previous  to  its  application,  lest  the  precipitated 
nitrate  of  baryta  be  mistaken  for  sulphate.  Nitrate  of  baryta  is  com- 


posed of 

Berzelius.  Kirwan. 

Baryta  1 ....  77  ....  587  ....  58-4  ....  67 

Nitric  acid  1 ....  54  ....  41'3  ....  41‘G  ....  43 


Nitrate  of  baryta 1 131  lOO'O  lOO'O  100 


SuLPHURET  OF  Barium.  BaS,  is  formed,  1.  By  passing  sulphuretted 
hydrogen  over  red-hot  baryta  in  a coated  glass  or  porcelain  tube,  as  long  as 
■water  is  formed;  it  yields  a grey  granular  compound.  BaO BaS 
-fllO.  2.  By  passing  hydrogen  over  finely-powdered  sulphate  of  baryta 
at  a bright  reddieat.  Ba0,S03 BaSH-4HO.  3.  By  the  action  of 
charcoal  upon  ignited  sulphate  of  baryta.  Ba0,S03-l-4C=rBaS-l-4C0. 
Mix  sulphate  of  baryta,  in  fine  po'vvder,  into  a paste,  with  an  equal 
volume  of  flour,  place  it  in  a Hessian  crucible,  on  which  a cover  is  luted, 
and  expose  it  to  a white-heat  for  an  hour  or  two,  raising  the  temperature 
slowly.  On  pouring  hot  water  on  the  ignited  mass  the  sulphuret  of 
barium  is  dissolved,  and  may  be  separated  from  undecomposed  sulphate 
and  excess  of  charcoal  by  filtration.  (Turner.)  It  is  readily  soluble  in 
hot  water,  and  the  solution,  on  cooling  out  of  the  contact  of  air,  deposits 
hy^drated  crystals.  By  exposure  to  air,  the  solution  absorbs  carbonic  acid 
and  oxygen,  yielding  carbonate  and  hyposulphite  of  baryta.  It  dissolves 
sulphur,  forming,  according  to  Berzelius,  a pentasulphiiret.  When  its 
solution  is  boiled  with  oxide  of  copper  till  it  ceases  to  blacken  acetate 
of  lead,  and  filtered  whilst  hot,  it  yields  on  evaporation  pure  baryta ; 
mixed  with  carbonate  of  potassa  it  yields  carbonate  of  baryta ; with  hy- 
drochloric acid,  chloride  of  barium ; and  with  dilute  nitric  acid,  nitrate  of 
baryta.  (See  Sulphate  of  Baryta.^  The  difficulty  with  which  sulphuret 
of  barium  is  decomposed  by  the  joint  action  of  heat  and  air,  is  noticed  by 
Berzelius,  who  observes,  that  in  analysis,  when  sulphate  of  baryta  con- 
tained in  a filter  is  ignited,  a portion  of  it  is  always  reduced  by  the  char- 
coal of  the  paper  to  the  state  of  sulphuret,  and  that  it  always  therefore 
gives  off  sulphuretted  hydrogen  by  the  action  of  hydrochloric  acid.  Sul- 
phuret of  barium  consists  of 


Barium  1 ....  C9  ....  8V2 

Sulphur  1 ....  10  ....  18'8 


Sulphuret  of  barium  1 85  lOO'O 

Hyposulphite  of  Baryta.  Ditiiionite  of  Baryta.  Ba0,S202. 
This  salt  is  thrown  down  on  pouring  a solution  of  chloride  of  barium  into 
a solution,  not  too  dilute,  of  liyposulphite  of  lime  ; it  is  a white  powder, 
soluble  without  decomposition  in  hydrochloric  acid ; at  a low  heat  it 
takes  fire,  and  sulphur  burns  ofF.  When  the  solutions  from  which  it  is 
precipitated  are  dilute,  it  falls  after  some  minutes,  in  small  crystalline 
grains,  followed  by  a copious  separation  of  the  salt.  (Herschel,  Edin. 
Phil,  Journ.j  i.  20.)  When  a solution  of  sulphuret  of  barium  is  long 
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exposed  to  air,  difficultly  soluble  acicular  crystals  of  Lyposulpliite  are  de- 
posited. This  salt  consists  of 


II.  Hose. 

Baryta  1 ....  77  ....  57-46  ....  57"24 

Ilyposulpliiirous  acid  1 ....  48  ....  35-82  ....  36  03 

Water  1 ....  9 ....  6*72  ....  6-73 


Crystallized  liyposulpliite  of  baryta  ....  1 134  100-00  lOO'OO 

Sulphite  of  Baryta.  BaO,S02,  is  nearly  insoluble  in  water ; it  is 
formed  by  adding  siilpliite  of  potassa  to  a solution  of  chloride  of  barium  ; 
or  l)y  passing  sulphurous  acid  gas  through  water  holding  finely-divided 
carbonate  of  baryta  in  suspension.  It  dissolves  sparingly  in  sulphurous 
acid,  and  the  solution  furnishes  acicular  and  tetrahedral  crystals  when 
very  slowly  evaporated.  It  passes  into  sulphate  by  long  exposure  to  air: 
at  a red  heat  it  gives  out  sulphur  and  becomes  sulphate.  It  consists  of 

Baryta 1 ....  77  ....  70-6 

Suffiliurous  acid  1 ....  32  ....  29-4 

Sulphite  of  baryta  1 100  100  0 

Sulphuretted  Hyposulphate  of  Baryta.  Tritiiionate  of  Baryta. 
Ba0,S305.  Sulphuretted  hyposulphuric  acid  gives  a white  difficultly- 
soluble  precipitate  with  baryta- water.  (Langlois.)  The  salt  is  also 
obtained  by  adding  tritiiionate  of  potassa  to  chloride  of  barium  ? 

Bisulphuretted  Hyposulphate  of  Baryta.  Tetrathionate  of 
Baryta.  Ba0,S405.  Obtained  by  adding  iodine  to  hyposulphite  of 
baryta  and  water,  till  the  mixture  begins  to  acquire  color.  (See  the  corre- 
spending  soda  salt:  p.  614.)  Iodide  of  barium  and  the  above  salt,  both 
of  which  are  soluble,  are  formed,  but  the  bisulphuretted  hyposulphate 
not  having  water  enough  to  retain  it  in  solution,  gradually  separates: 
alcohol  is  then  added  to  remove  the  iodide  of  barium  and  excess  of  iodine, 
and  the  bisulphuretted  salt  remains  as  a white  crystalline  powder ; it  is 
best  obtained  in  a crystallized  state  by  adding  alcohol  to  its  concentrated 
aqueous  solution,  when  its  crystals  are  gradually  deposited;  it  has  a bitter 
taste,  and  acquires  a yellow  tint  when  exposed  to  humid  air.  It  is  not 
decomposed  like  the  hyposulphites  by  hydrochloric  acid;  nitric  acid 
rapidly  acts  upon  it,  evolving  red  fumes  and  throwing  down  sulphur. 
With  chlorine  it  yields  chloride  of  sulphur,  which  falls;  but  if  the  solution 
is  much  diluted  chlorine  converts  the  whole  of  the  sulphur  into  sulphuric 
acid.  The  other  bisulphuretted  hyposulphates  may  be  obtained  by  the 
addition  of  solutions  of  sulphates  to  this  salt,  in  which  case  sulirhate  of 
baiyta  falls  : the  salts  of  potassa,  soda,  iron,  zinc,  and  copper  were  thus 
obtained:  they  are  almost  all  soluble,  and  slowly  change  in  the  air;  at  a 
liigher  temperature  they  are  resolved  into  sulphur,  sulphurous  acid,  and 
sulphates.  Fordos  and  Gelis  give  the  following  composition  of  this  salt 
(Ann.  CJi.et  Ph.^DecY.y  1842,  p.492,)  the  crj^stals including 2 atoms  of  Avater. 


Fordos  and  Gelis. 

Sulphur 4 ....  64  ....  32'2  ....  32'560 

Oxygen 5 ....  40  ....  20’ I ....  20-108 

Baryta  1 ....  77  ....  38-6  ....  38-482 

AVater  2 ....  18  ....  9-1  ..  . 9-050 


Crystallized  bisulphuretted  hypo- 
sulphate of  baryta 


199  100-0  100-000 
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IIyposulpiiate  of  Baryta.  Ditiiionate  of  Baryta.  Ba0,S205. 
Wh  en  sulphurous  acid  gas  is  passed  into  'water  holding  finely-powdered 
peroxide  of  manganese  in  suspension,  a neutral  solution  is  obtained,  com- 
posed of  sulphate  and  h3'posulphate  of  manganese.  These  salts  are  de- 
composed hy  excess  of  baryta,  and  a soluble  hyposulphate  of  bar'yta  is 
formed,  through  which  carbonic  acid  is  passed,  in  order  to  ^saturate  any 
excess  of  baryta ; and  the  whole  being  heated  to  drive  off  carbonic  acid, 
which  holds  a little  of  the  carbonate  in  solution,  the  liyposulphate  of 
baiyta  is  obtained,  and  may  be  purified  by  crystallization.  (The  solution 
of  this  salt  may  be  decomposed  by  the  careful  addition  of  sulphuric  acid, 
and  the  hypo  sulphuric  acid  is  thus  obtained  in  solution,  as  already  stated, 
p.  402). 

liyposulphate  of  baryta  crystallizes  in  quadrangular  prisms,  variously 
terminated.  It  dissolves,  according  to  Gay  Lussac,  in  I*I  times  its  weight 
of  water  at  212°;  in  4 times  its  weight  at  64°.  It  is  insoluble  in  alcohol. 
At  a red-hcat  it  gives  out  water  and  sulphurous  acid,  and  leaves  seven- 
tenths  of  its  weight  of  neutral  sulphate  of  baryta.  The  crystallized  salt 


consists  of 

W'elter  and 

Gay  Lussac.  Ilecren. 

Ifarytca  1 ....  77  ....  4G-1  ....  4G*03  ....  45-93 

Hyposulplmric  acid  ....  1 ....  72  ....  43  1 ....  43-41  ....  43-31 

Water 2 ....  18  ....  10-8  ....  10-5G  ....  IO-7G 


1 1G7  100-0  100-00  100-00 

When  a solution  of  this  bihjxlrated  salt  is  set  aside  to  evaporate  spon- 
taneously, large  four-sided  prismatic  crystals,  terminated  by  four-sided 
pyramids,  are  gradually  deposited,  which,  according  to  Ileeren,  are  a 
cpiaterhydraled  liyposulphate  of  baryta^  composed  therefore  of 


Ileeren. 

Baryta 1 ....  77  ....  41-G  ....  41-88 

Hyposulplmric  acid 1 ....  72  ....  38-9  ....  39-49 

Water 4 ....  3G  ....  19-5  ....  1803 


1 185  100-0  lOO'OO 

Sulphate  of  BaryTxV.  BaO,S03  is  an  abundant  natural  product ; it 
is  insoluble  in  hot  and  cold  water  (according  to  some,  soluble  in  from  40 
to  50000  parts  of  Avater,  but  not  more  soluble  in  hot  or  in  acidulated 
Ab  ater,  or  in  solutions  of  sal-ammoniac  or  common  salt,)  and  therefore  pre- 
cipitates Avhenever  sulphuric  acid,  or  a soluble  sulphate,  is  added  to  any 
soluble  salt  of  baryta ; hence  the  solutions  of  baryta  are  accurate  tests  of 
the  presence  of  sulphuric  acid,  and  are  also  used  in  analysis  to  determine 
its  quantity.  If  sulphuric  acid  be  poured  upon  caustic  baryta,  the  heat 
is  so  intense  as  to  cause  ignition : but  Kiihlman  remarks  that  the  acid 
containing  exactly  I atom  of  Avater  (sp.  gr.  1*845,)  has  no  action  on  baryta 
at  common  temperatures,  and  that  the  violent  action  just  noticed  only 
ensues  Avhen  the  acid  contains  a little  more  or  a little  less  Avater.  If, 
IioweA'er,  baryta  moistened  Avith  803,110,  be  touched  Avitli  a hot  iron,  or 
AA’ith  a glass  rod  dipped  in  Avater,  the  action  immediately  commences:  so  it 
does  also  if  the  baryta  has  been  exposed  to  moist  air.  Baryta  absorbs  the 
vapor  of  anhydrous  sulphuric  acid  AA'itli  intense  ignition.  {Ann.  der  Pharni..^ 
xxA’ii.  22.)  If  the  hydrated  acid  be  boiled  upon  the  finely-poAvdered  or 
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recentlj-precipitated  sulphate,  a portion  is  taken  up;  the  whole  of  Avhich, 
however,  falls  again  upon  diluting  the  solution  with  water.  The  extreme 
insolubility  of  this  sulphate  renders  the  soluble  salts  of  baryta  such 
delicate  tests  of  the  presence  of  sulphuric  acid,  that  a millionth  part 
in  solution  may,  according  to  Pfatf,  be  detected  by  a slight  white  cloud. 
When  the  sulphuric  acid  is  in  combination  the  test  is  somewhat  less 
delicate,  but  it  shows  the  presence  of  1 part  of  sulphate  of  soda  in  400,000 
of  water.  Recently-precipitated  sulphate  of  baryta  is  sometimes  very 
obstinate  in  subsiding  from  water,  and  will  not  only  long  remain  sus- 
pended, but  adheres  to  the  glass,  and  will  even  pass  through  filtering- 
paper  : heat,  and  a little  excess  of  acid,  generally  facilitates  its  deposi- 
tion. It  may  be  safely  heated  to  redness  without  risk  of  change,  and 
hence  the  filter  containing  it,  in  some  cases  of  quantitative  analysis,  may 
be  conveniently  burned  away,  except  that  the  carbon  of  the  paper  con- 
verts a very  minute  portion  of  the  sulphate  into  sulphuret. 

Sulphate  of  baryta  is  an  anhydrous  compound  of 


Klaproth.  Berzelius, 

Baryta 1 ....  77  ....  65-8  ....  6G7  ....  65-643 

Sulphuric  acid  1 ....  40  ....  34-2  ....  33-3  ....  34-357 


Sulphate  of  baryta 1 117  lOO-O  100-0  100-000 


Native  Sulphate  of  Baryta^  Heavy  Spa7\  or  Baroseleniie^  is  princi- 
pally found  in  the  mines  of  Westmoreland  and  Cumberland,  and  in 
Transylvania,  Hungary,  Saxony,  and  Hanover.  A mammellated  variety 
met  with  in  Derbyshire,  is  called  cawh.  It  occurs  massive,  stalactitic, 
and  crystallized  in  a great  variety  of  forms.  Its  primitive  figure  is  a 
rhomboidal  prism,  the  angles  of  which  are  101°  42',  and  78°  18'.  It  is 
harder  than  carbonate  of  lime,  but  not  so  hard  as  fluor-spar.  Its  specific 
gravity  is  4-7. 

When  native  sulphate  of  baryta  is  heated  it  decrepitates,  and  at  a very 
high  temperature  fuses  into  an  opaque  white  enamel:  it  wms  employed  in 
the  manufacture  of  jasper -ware  by  the  late  Mr.  Wedgwood,  and  for  the 
production  of  opaque  wdiite  patterns  and  figures  upon  a colored  ground. 
When  formed  into  a thin  cake  with  paste,  and  heated  to  redness,  (form- 
ing a mixture  of  sulphate  of  baryta,  sulphuret  of  barium,  and  charcoal,) 
it  acquires  the  property  of  phosphorescence,  as  was  first  ascertained  by 
Vincenzo  Cascariolo  of  Bologna,  whence  the  term  Bologna  phosphorus 
(p.  118.)  The  artificial  sulphate  of  baryta,  which  may  be  obtained  in  a 
very  finely  divided  state,  is  used  as  a pigment,  under  the  name  of  per- 
manent white;  it  is  useful  for  marking  phials  and  jars  in  a laboratory, 
not  being  discolored  by  sulphuretted  hydrogen,  as  is  the  case  with  white 
lead ; but  it  does  not  form  a body  with  linseed  oil,  and  therefore  wRen 
white  lead  is  adulterated  with  sulphate  of  baryta,  that  property  is  pro- 
portionately deteriorated  (see  white  lead.)  Sulphate  of  baryta,  in  conse- 
quence of  its  cheapness  and  weight,  is  employed  in  various  other  cases  of 
adulteration:  it  is  the  only  baryta  compound  which  is  not  poisonous.  It 
combines  by  fusion  with  chloride  of  sodium  and  chloride  of  barium. 
(Berthier.) 

Decomposition  of  Sulphate  of  Baryta.  As  the  native  sulphate  is  a 
common  and  abundant  compound,  several  processes  have  been  contrived 
for  obtaining  from  it  pure  baryta.  This  may  be  elfected  by  reducing  the 
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crystallized  sulphate  to  a fine  powder,  and  heating  it  red-hot  for  half  an 
hour  in  a silver  crucible  with  three  parts  of  carbonate  of  potassa:  the 
fused  mass  is  then  boiled  repeatedly  in  water,  till  it  no  longer  affords  any- 
thing soluble  in  tliat  liquid ; the  insoluble  residue,  consisting  chiefly  of 
carbonate  of  baryta,  may  be  digested  in  dilute  nitric  acid,  by  which  nitrate 
of  baryta  is  formed,  and  wdiich  will  yield  pure  baryta  by  exposure  to 
heat  as  above  mentioned.  Another  method  consists  in  exposing  to  a 
red-heat,  in  an  earthen  crucible,  a mixture  of  6 parts  of  finely-powdered 
sulphate  of  baryta  with  1 of  powdered  charcoal,  for  half  an  hour.  This 
converts  the  sulphate  into  sulphuret,  which  is  to  be  dissolved  in  hot 
water,  the  solution  filtered  and  mixed  with  solution  of  carbonate  of  soda 
as  long  as  it  occasions  a precipitate,  which,  when  Avashed  and  dried,  is 
carbonate  of  baryta.  Or,  by  adding  hydrochloric  acid  to  the  liquid  sul- 
phuret, sulphur  is  thrown  down,  sulphuretted  hydrogen  evolved,  and 
chloride  of  barium  formed,  which  may  be  filtered  off,  and  if  required, 
decomposed  by  carbonate  of  potassa.  Or  the  sulphuret,  as  it  comes  out 
of  the  crucible,  may  be  thrown  into  dilute  nitric  acid,  by  Avhich  sul- 
phuretted hydrogen  is  evolved,  and  nitrate  of  baryta  formed,  from  the 
solution  of  wdiich  crystals  are  easily  obtained  by  evaporation.  Another 
method  of  decomposing  a solution  of  sulphuret  of  barium  consists  in 
adding  to  it  oxide  of  copper  till  it  ceases  to  blacken  acetate  of  lead; 
it  may  then  be  quickly  filtered,  and  a solution  of  baryta  is  obtained. 
(Moiir.)  In  this  process  6 equivalents  of  sulphuret  of  barium  and  8 of 
oxide  of  copper  produce  5 of  baryta,  1 of  hyposulphite  of  baryta,  and  4 
of  subsulphuret  of  copper.  6BaS-f  8CuO  = 5BaO + Ba0,S202 -l-4Cu2,S. 
Peroxide  of  manganese  may  be  substituted  for  oxide  of  copper,  but  it 
generally  gives  a solution  of  baryta  colored  by  some  impurity;  in  this 
case  the  action  is  as  folloAVS : 6BaS-l-4Mn02:=:5Ba0,  d-Ba0,S202-l- 
4MnS.  (Graham.)  Wlien  sulphate  of  baryta,  in  very  fine  poAvder,  is 
boiled  in  a solution  of  carbonate  of  potassa  or  soda,  a portion  of  the 
sulphate  is  also  decomposed,  and  an  equivalent  proportion  of  carbonate 
of  baryta  formed:  this  decomposition  of  the  sulphate  is,  hoAvever,  never 
entire.  (See  p.  1370 

PiiosPHURET  OP  Barium  is  produced  by  passing  phosphorus  over 
heated  baryta;  there  is  an  intense  action,  and  phosphate  of  baryta,  toge- 
ther Avith  a phosphuret  of  a metallic  lustre,  is  obtained,  AAdiich  acts  upon 
Avater,  evolving  phosphuretted  hydrogen,  and  affords  a solution  contain- 
ing hypophosphite  of  baryta.  (It  is  probable  that  the  mutual  action  of 
phosphorus  and  baryta  at  high  temperatures  is  analogous  to  that  of  phos- 
phorus and  lime.  See  phosphui'et  of  lime^  p.  649.) 

Hypophosphite  of  Baryta.  BaO,PO,  may  be  obtained  by  boiling 
phosphorus  with  baryta  in  Avater,  or  by  the  action  of  phosphuret  of  baryta 
on  Avater ; like  the  other  hypophosphites,  it  is  A^ry  soluble  in  AA^ater,  and 
difficultly  crystallizable.  (Uulong,  Ann.  Cli.  ct  Ph..,  ii.  142.)  It  forms, 
according  to  H.  Rose,  tAvo  hydrates,  Avith  2 and  3 atoms  of  Avater.  [Pog- 
gend.^  ix.  and  xii.  See  also  AYurtz.  Ann.  der  Phann.,  xLiii.) 

Phosphite  of  Baryta.  Ba0,P03,  Avas  obtained  by  Berzelius,  by 
adding  a solution  of  chloride  of  barium  to  phosphite  of  ammonia ; a 
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ciystalline  crust  of  pliosphito  of  baryta  was  formed  in  24  hours.  (Aim. 
Ch.  el  P/i.^  ii.  231.)  A red-heat  converts  it  into  pyrophosphate  of  baryta 
with  the  evolution  of  hydrogen.  It  consists  of 


Berzelius. 

Baryta  2 ....  154  ....  OyS  ....  67-24 

Phosphorous  acid  1 ....  56  ....  24 ’5  ....  24‘31 

Water  2 ....  18  ....  8*0  ....  8*45 


Crystallized  phosphite  of  baryta  ....  1 228  100*0  100*00 

When  this  phosphite  is  dissolved  in  phosphorous  acid,  it  yields  by 
evaporation  over  sulphuric  acid  in  vacuo  granular  crystals  of  a salt  — 
2Ba0,2P03,5H0,  or  perhaps  2 [Ba0,2H0,P03] +HO.  (H.  Rose. 
Poggend.,  ix.  215.)  The  formula  of  the  neutral  salt  adopted  by  AYurtz 
is  2Ba0,PH04,PI0,  and  he  represents  the  acid  'phosphite  by  BaO,PlI04, 
IIO  + HO.  (^Ann.  Ch.  el  Ph..,  Fevr.,  1846.) 

Phosphates  op  Baryta.  1.  Trihasic  Phosphates. 

a.  Siihphosphale.  3Ba0,cP05,  is  thrown  down  from  a solution  of 
chloride  of  barium  by  tribasic  phosphate  of  soda,  the  liquid  remaining 
neutral.  (Graham.)  It  consists  of 

Baryta 3 ....  231  ....  76*24 

Phosphoric  acid  1 ....  72  ....  23*76 

Subphosphate  of  baryta  1 303  100*00 

j3.  Common  Phosphate.  2Ba0,H0,cP05.  This  salt  (corresponding 
to  the  common  phosphate  of  soda)  is  formed  by  dropping  solution  of 
common  phosphate  of  ammonia  into  chloride  of  barium  so  as  to  leave 
the  latter  in  excess ; it  is  a white  pulverulent  precipitate,  easily  soluble 
in  dilute  hydrochloric,  nitric,  and  phosphoric  acids,  and  in  solutions  of 
hydrochlorate,  nitrate,  and  succinate  of  ammonia,  but  almost  insoluble 
in  water.  Its  constituents  are 

Baryta  2 ....  154  ....  65*53 

Water  1 ....  9 ....  3*84 

Phosphoric  acid  1 ....  72  ....  30*63 

Common  phosphate  of  baryta  1 235  100*00 

7.  Phosphate  of  Paryta  and  Water'.  BipAiosphale  of  Baryta.  BaO, 
21I0,cP05.  This  salt  corresponds  to  the  so-called  biphosphate  of  soda. 
It  is  formed  by  adding  phosphoric  acid  to  the  common  phos23hate  and 
slowly  evaporating  the  liquor:  its  crystals  are  resolved,  by  a large  excess 
of  water,  into  free  phosphoric  acid  and  common  phosphate.  (Berzelius.) 
The  crystals  contain 

Berzelius. 

Baryta  1 ....  77  ....  46*10  ....  46*46 

Water  2 ....  18  ....  10*77  ....  IbOO 

Phosphoric  acid  I ....  72  ....  43*13  ....  42*54 

Bi^diosphate  of  Baryta  ....  1 167  100*00  1 100*00 

2.  Bihasic  Phosphate.  Pyrophosphate  of  Baryta.  2Ba0,(^;P05. 
AVhen  anhydrous  pyrophosphate  of  soda  (2Na0,5P05)  obtained  by  heat- 
ing the  common  phosphate,  is  dissolved  in  water,  and  added  to  chloride 
of  barium,  a precipitate  of  pyrophosphate  falls ; it  is  soluble  in  a solution 
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of  sal-ammoniac.  (Gmeltn.)  Tlie  same  bibasic  salt  would  be  obtained 
by  heating  (3  to  redness:  it  contains 


Hess. 

Baryta 2 ....  154  ....  68-14  ....  67-33 

Bhosplioric  acid  1 ....  72  ....  31-86  ....  32’67 


Pyrophosphate  of  baryta  ....  1 226  100-00  lOO'OO 

3.  ISIonohasic  Phosphate.  Meiaphosphale  of  Bar'yta.  Ba0//P05. 
"When  excess  of  chloride  of  barium  is  added  to  a solution  of  metaphosphate 
of  soda  in  a small  quantity  of  water,  a gelatinous  precipitate  falls,  which 
when  washed  and  dried,  becomes  a translucent  brittle  mass  insoluble  in 
hot  water,  but  which,  when  long  boiled  in  water,  gradually  yields  a solu- 
tion of  the  tribasic  phosphate  of  baryta  and  water  above  described  (7),  and 
then  precipitates  silver  yellow.  This  salt  contains,  after  it  has  been  ignited, 


Graham. 

Baryta  1 ....  77  ....  51-67  ....  52-04 

Bhosplioric  acid  1 ....  72  ....  48-33  ....  47-96 


!Metapliosphate  of  baryta  1 149  100-00  100-00 

Selenittret  of  Barium,  BaSe,  is  the  result  of  passing  hydrogen 
gas  over  seleniate  of  baryta  at  a red-heat : it  is  soluble  in  water. 
(Berzelius.) 

Selenite  of  Baryta.  BaO,Se02  falls  in  the  form  of  a white  inso- 
luble powder,  when  solution  of  selenite  of  potassa  is  added  to  chloride  of 
barium.  Piselenite  of  baryta  is  formed  by  dissolving  carbonate  of  baryta 
in  selenious  acid ; it  forms  a granular  crystalline  powder  very  difficultly 
soluble  in  water. 

Seleniate  of  Baryta.  BaO,Se03,  resembles  the  sulphate  in  inso- 
lubility. 

Carbonate  of  Baryta.  BaO,C02.  This  salt  falls  in  the  form  of 
a white  powder,  when  the  soluble  salts  of  baryta  are  precipitated  by  the 
alkaline  carbonates.  For  this  purpose  carbonate  of  ammonia  is  preferable 
to  the  carbonate  of  soda  or  potassa,  for  portions  of  the  fixed  alkalis  are 
apt  to  go  down  with  the  baryta,  and  carbonate  of  potassa  is  seldom  cpiite 
free  from  silica  and  sulphates.  Other  methods  of  obtaining  carbonate  of 
baryta  are  stated  under  the  Sulphate  of  Baryta.  It  is  so  nearly 

insoluble,  that  water  at  60°  only  takes  up  about  l-4300th,  and  at  212° 
about  l-2300th  part.  Water  saturated  with  carbonic  acid  dissolves 
l-820th.  It  has  a very  slight  alkaline  action  on  vegetable  colors : it  is 
highly  poisonous.  When  baryta-water  is  added  to  solutions  of  the  car- 
bonated alkalis,  it  abstracts  their  carbonic  acid;  when  agitated  with  a 
cold  solution  of  sulphate  of  potassa  or  soda,  finely  divided  carbonate  of 
baryta  gradually  forms  sulphate  of  baryta,  and  carbonated  alkali  is  re- 
tained in  solution;  hut  the  inverse  changes  ensue  on  boiling.  Freshly 
precipitated  carbonate  of  baryta  is  soluble  in  solutions  of  hydrochlorate, 
nitrate,  and  succinate  of  ammonia,  and  by  boiling,  carbonate  of  ammonia 
is  in  these  cases  evolved.  It  is  insoluble  in  solutions  of  potassa  and 
soda  salts;  but  when  a very  dilute  barytic  solution  is  added  to  bicar- 
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Lonate  of  potassa  or  soda  a small  portion  of  carbonate  of  baryta  is 
retained  in  solution. 

When  a solution  of  chloride  of  barium  is  decomposed  by  sesquicar- 
bonate  of  potassa,  a sesquicarbonate  of  baryta  falls=r:2Ba0,3C02  : it  is 
somewhat  more  soluble  in  water  than  the  carbonate.  (Boussingault. 

Ch.  et  Ph.^  xxviii.  288.)  Carbonate  of  baryta  consists  of 


Withering.  Berzelius. 

Baryta 1 ....  77  ....  77‘78  ....  78-6  ....  77-9 

Carbonic  acid 1 ....  22  ....  22*22  ....  21*4  ....  22*1 


Carbonate  of  baryta  1 99  100*00  100*0  ^100*0 


Native  Carbonate  of  Baryta  was  first  discovered  at  Anglesark,  in 
Lancashire,  by  Dr.  Withering,  and  hence  acquired  the  name  of  Witherite. 
It  has  also  been  found  in  Wales,  Cumberland,  Durham,  Westmoreland, 
and  Shropshire.  Its  primitive  crystal  is  an  obtuse  rhomboid : sometimes 
it  forms  pyramidal  six-sided  prisms.  That  found  in  Lancashire  is  in 
globular  masses  of  a radiated  structure.  Its  density  is  4*33.  It  is  useful 
as  a source  of  pure  baryta  and  its  salts.  Though  scarcely  soluble  in 
water,  it  is  poisonous,  probably  in  consequence  of  its  solubility  in  the 
acids  of  the  stomach.  It  dissolves  more  sparingly  in  solution  of  carbonic 
acid  than  the  precipitated  carbonate,  and  is  more  difficultly  decomposed  ; 
but  if  mixed  with  charcoal-powder,  and  kept  for  some  time  at  a high 
red-heat,  carbonic  oxide  escapes,  and  pure  baryta  is  formed. 

A double  carbonate  of  lime  and  baryta^  under  the  name  of  Baryto- 
calcite^  from  Alston  Moor,  has  been  described  by  Brooke  and  Children 
{Ann.  Phil..,  2 Ser.,  III.  76)=:Ca0,Ba0,2C02.  Thomson  has  mentioned 
another  variety— 2 [CaO,C02], -j- BaO,C02.  {Mineralogy.,  I.  142.)  The 
forms  and  composition  of  these  minerals  have  been  investigated  by  Des- 
cloizeaux  and  Delesse.  {Ann.  Ch.  et  Ph.^  Avril,  1845.) 

Cyanide  of  Barium,  BaCy,  is  precipitated  in  the  form  of  a white 
powder  when  hydrocyanic  acid  is  mixed  with  baryta-water.  It  is  also 
formed  by  heating  ferrocyanide  of  barium  in  a retort,  for  it  is  not  decom- 
posed at  a temperature  which  destroys  the  cyanide  of  iron.  It  is  sparingly 
soluble  in  wnter,  and  the  solution  soon  becomes  covered  by  a film  of 
carbonate  of  baryta,  when  in  contact  with  air. 

Cyanate  op  Baryta,  BaO,CyO.  When  cyanogen  is  passed  through 
a mixture  of  hydrate  of  baryta  and  water,  cyanate  of  baryta  and  cyanide 
of  barium  are  formed : the  latter  may  be  decomposed  by  a stream  of 
carbonic  acid;  the  filtered  liquor  then  yields,  when  concentrated  by  evapo- 
ration and  mixed  with  alcohol,  small  prismatic  crystals ; when  their 
aqueous  solution  is  evaporated,  it  decomposes  into  carbonate  of  baryta 
and  ammonia. 

Mellonide  op  Barium,  BaMe,  is  obtained  in  the  form  of  a yellow 
precipitate  when  solutions  of  mellonide  of  potassium  and  chloride  of 
barium  are  mixed;  it  dissolves  in  boiling  water,  and  the  solution  deposits 
acicular  crystals  on  cooling  which  contain  6 atoms  of  water,  5 of  which 
are  evolved  at  265°.  (Liebig.) 
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SuLPiiocYANiDE  OF  Barium,  BaO,Csy,  is  formed  by  heating  ferro- 
cyanide  of  barium  -with  sulphur  : it  is  soluble  in  water,  and  forms  brilliant 
acicular  crystals,  which  are  slightly  deliquescent : they  contain  2 atoms 
of  water.  When  fused  this  salt  concretes  into  a brown  crystalline  mass 
on  cooling. 

Borate  of  Baryta,  Ba0,2B03,  is  formed  by  mixing  a soluble  salt 
of  baryta  with  a solution  of  borax,  and  fusing  the  washed  precipitate : it 
is  a grey  transparent  glass,  very  sparingly  soluble  in  water;  before  fusion 
it  is  a hydrated  salt  Ba0,2B03,2IT0,  somewhat  more  soluble  in  water, 
and  its  solution  is  decomposed  by  carbonic  acid.  (Berzelius.)  It  is 
composed  of 

Tlienard.  Berzelius.  L.  Gmelin.  Tunnermann. 

Baryta  1 ....  77  ....  52-38  ....  57-8  ....  56-8  ....  54-9  ....  52*79 

Boracic  acid  2 ....  70  ....  47  G2  ....  42-2  ....  44-2  ....  45-1  ....  47-21 


Borate  of  baryta....  1 147  100*00  100*0  100*0  100*0  100*00 

Borofluoride  of  Barium,  BaF,BF3,2HO.  Carbonate  of  baryta 
isadded  to  the  aqueous  solution  of  fluoboric  acid,  as  long  as  it  is  dis- 
solved : on  evaporation  some  boracic  acid  first  separates,  and  afterwards 
prismatic  crystals  of  the  borofluoride,  soluble  in  water  without  decompo- 
sition, and  deliquescent  in  damp  air:  they  contain  10*34  per  ce7it.  of 
water:  they  are  decomposed  at  a red-heat;  licjuid  fluoboric  acid  first 
passes  off,  then  fluoboric  gas;  and  fluoride  of  barium  remains:  (Ber- 
zelius:) they  consist  of  t 

Berzelius. 

Fluoride  of  barium 1 ....  88  ....  50*571 

Fluoboric  acid  1 ....  G8  ....  39*08) 

Water 2 ....  18  ....  10*35  ....  10*49 

Crystallized  borofluoride  of  barium  1 174  100*00  100*0 


Properties  of  Barytic  Salts.  The  soluble  barytic  salts  furnish 
white  precipitates  of  carbonate  and  sulphate  of  baryta,  upon  the  addition 
of  carbonate  or  sulphate  of  soda.  They  give  a greenish  yellow  tinge  to 
the  flame  of  spirit  of  wine.  The  sulphate  is  insoluble  in  nitric  acid  and 
in  the  alkalis,  and  very  sparingly  soluble  in  sulphuric  acid.  All  the 
other  barytic  salts  are  soluble  in  dilute  hydrochloric  or  nitric  acid,  and 
their  solutions  give  a white  precipitate  with  solutions  of  sulphuric  acid 
and  the  sulphates.  A saturated  aqueous  solution  of  sulphate  of  strontia 
is  a test  for  the  salts  of  baryta;  it  requires  to  be  used  in  pretty  large 
quantity,  and  the  solutions  to  be  tested  should  be  nearly  neutral. 
Nearly  all  the  barytic  compounds  are  poisonous:  sulphate  of  baryta  is, 
however,  harmless  : the  safest  antidote,  therefore,  for  the  soluble  barytic 
salts,  is  solution  of  sulphate  of  soda,  and  in  poisoning  by  the  carbonate  it 
has  been  proposed  to  use  a mixture  of  vinegar  with  an  alkaline  sulphate, 
an  emetic  or  the  stomach-pump  having  been  previously  resorted  to. 
Chloride  of  barium  has  been  employed  in  medicine,  but  the  principal  use 
of  baryta  is  in  the  chemical  laboratory,  where  baryta- water  is  kept  as  a 
test  of  the  presence  of  carbonic  acid,  and  the  nitrate,  chloride,  and  acetate 
of  barium  are  employed  in  the  quantitative  and  qualitative  determination 
of  sulphur,  sulphuric  acid,  and  the  sulphates. 
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§ YI.  STRONTIUM.  Sr.  44. 

' Slrontia  (or  stroniites)  was  first  discovered  in  the  state  of  carhonale 
at  Strontian  in  Argyleshire,  and  was  supposed  to  be  a carbonate  of  baryta, 
Crawford,  in  17^0,  pointed  out  some  of  its  distinctive  characters,  but  it 
■was  first  shown  to  contain  a peculiar  earth  by  Dr.  Hope,  in  17^^2,  {Edin. 
Phil.  Trans..,  iv.,)  and  by  Klaproth  in  17^3,  (Crell’s  Annals,  1793  and 
1794.)  It  is  a substance  of  rare  occurrence.  The  existence  of  strontium, 
as  tlie  metallic  base  of  the  earth  strontia,  was  first  demonstrated  by  Davy 
in  1808.  It  is  probably  as  heavy  as  barium,  and  resembles  it  in  appear- 
ance and  in  its  leading  chemical  characters ; it  has,  however,  been  as  yet 
very  imperfectly  examined.  The  equivalent  of  strontium  deduced  from 
the  best  analyses  of  its  compounds  is  44,  (43'8  Tuiiner,  43'85  GRAiiA]\r, 
44  Gmelin.) 

Protoxide  of  Strontium.  Strontia.  SrO.  Strontium  is  rapidly 
oxidized  by  exposure  to  air,  and  it  decomposes  water  at  common  tempe- 
ratures, evolving  hydrogen,  and  forming  the  oxide.  Strontia  may  be 
obtained  from  the  nitrate,  the  carbonate,  and  the  sulphate  of  strontia,  by 
processes  similar  to  those  directed  in  regard  to  baryta.  It  is  a greyish- 
white  porous  substance:  its  specific  gravity  is  3*9;  it  is  extremely  infu- 
sible, not  volatile,  has  an  acrid  taste,  and  an  alkaline  reaction  upon 
vegetable  colors.  It  consists  of 

Stromeyer.  Davy,  Berzelius. 

Strontium  ....  I ....  44  ....  84-6  ....  84-G7  ....  86  ....  84-55 

Oxygen  1 ....  8 ....  15‘4  ....  15‘33  ....  14  ....  15'45 

Strontia  1 52  100-0  100-00  100  lOO'OO 

Hydrate  of  Strontia.  SrO,HO.  AVhen  strontia  is  sprinkled  with 
■water  it  heats  and  falls  to  powder  like  baryta,  forming  a white  solid 
hydrated  compound  of  I equivalent  of  strontia  52,  and  1 of  water  =9; 
it  fuses,  but  does  not  part  with  its  water,  at  a red  heat,  but  when  sub- 
jected for  a long  time  to  a higher  temperature,  it  gradually  becomes 
anhydrous.  It  is  insoluble  in  alcohol.  It  dissolves  in  about  160  parts  of 
water  at  60°,  forming  strontia-water.  Boiling  water  dissolves  it  more 
abundantly,  and  on  cooling  deposits  crystals  in  the  form  of  thin  quadran- 
gular tables : their  primary  form  is  a right  square  prism  (Brooke,  Ann. 
of  Phil.,  2nd  Series,  vii.  287):  they  are  soluble  in  50  parts  of  cold  and  2 
of  boiling  water  (Dalton),  and  are  converted  by  heat  into  the  protohy- 
drate. They  contain  according  to  Phillips  (Phil.  Mag.,  3rd  Series,  vi. 
52)  63*76  per  cent,  of  water,  and  consist,  therefore,  of  I equivalent  of 
strontia r=  52,  and  10  equivalents  of  water  90:  or,  according  to  Denham 
Smith  (Phil.  Mag.,  ix.  87),  9 equivalent  of  water,  being  between  60  and 
61  per  cent. 

Peroxide  of  Strontium  has  not  been  formed  by  passing  oxygen 
over  heated  strontia.  Y^hen  peroxide  of  hydrogen  is  mixed  with  strontia- 
water,  brilliant  crystalline  scales  are  thrown  down,  composed  according 
to  Thenard  of  I equivalent  of  strontium  and  2 of  oxygen.  Sr02.  Dumas 
says  that  strontia  does  not  absorb  oxygen  when  it  is  heated  in  that  gas, 
but  that  the  precipitate  thrown  down  by  oxygenated  water  is  a hydrated 
binoxide  of  strontium. 
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Chloride  of  Strontiu.m.  SrCI.  When  strontia  is  heated  in  chlo- 
rine, it  evolves  I volume  of  oxygen  for  every  2 volumes  of  chlorine 
that  are  absorbed,  and  a chloride  of  strontium  is  tlie  result.  Hi'ated  in 
hydrochloric  acid,  strontia  absorbs  the  gas  with  ignition  and  evolution  of 
water.  Chloride  of  strontium  is  generally  obtained  bv  dissolving  car- 
bonate of  strontia  in  diluted  hydrocliloric  acid,  evaporating  to  dryness, 
and  fusing  the  residue.  It  is  of  a grey  color  and  an  acrid  taste  ; its 
sp.  gr.  2*8.  It  dissolves  in  alcohol,  and  the  solution  burns  with  a pur- 
plish-red flame.  Its  aqueous  solution  furnishes,  upon  evaporation, 
hexagonal  prismatic  crystals,  which  are  deliquescent  and  soluble  in  0'75 
parts  of  water  at  60°.  They  contain  40‘5  per  cent,  of  water  of  crystalliza- 
tion (Berzelius):  hydrochloric  acid  added  to  the  concentrated  solution 
throws  down  part  of  the  salt.  The  crystals  are  soluble  in  24  parts  of 
cold,  and  19  of  boiling  absolute  alcohol,  but  much  more  soluble  in 
ordinary  alcohol.  100  parts  of  anhydrous  chloride  of  strontium  rapidly 
absorb  84'5  of  dry  ammonia,  falling  into  a light  bulky  powder,  which 
loses  ammonia  when  heated.  (H.  Rose,  A7in.  Ch.  et  Ph.y  Lxii.  316.)  The 
anhydrous  or  fused  chloride  consists  of 

Davy. 

Strontium  ] ....  44  ....  55  ....  58 

Chlorine 1 ....  36  ....  45  ....  42 

Chloride  of  strontium  ....  1 80  100  100 

The  crystals  contain 

Vauquelin. 

Strontium  1 ....  44  ....  32‘83) 

Chlorine  1 ....  36  ....  26-86)  •- 

AVater 6 ....  54  ....  40-31  ....  40 

Hydrated  chloride  of  strontium 1 134  100-00  100 

Chlorate  of  Strontia,  SrO,C105,  is  obtained  in  the  same  -way  as 
the  chlorate  of  baryta ; it  is  a very  soluble  and  deliquescent  salt,  diffi- 
cultly crystallizable,  and  detonates  wdien  thrown  upon  red-hot  coals  with 
a beautif^ul  purple  light.  A^ery  soluble  in  alcohol  (Chenevix)  ; insoluble 
(Wachter.) 

Perchlorate  of  Strontia,  SrO,C107,  is  a yery  deliquescent  salt:  its 
alcoholic  solution  burns  with  a beautiful  purple  flame.  (Serullas,  Ann, 
Ch.  et  xLvi.  304.) 

Iodide  of  Strontium,  Sri,  may  be  formed  as  iodide  of  barium.  Dis- 
solved in  water,  and  carefully  evaporated,  it  furnishes  delicate  prismatic 
crystals  {lAydriodate  of  Slt'07itui).^  which  heated  in  close  vessels,  fuse 
without  decomposition;  heated  in  the  open  air,  iodine  escapes,  and 
strontia  is  generated.  Iodide  of  strontium  consists  of 

Strontium 1 ....  44  ....  26 

Iodine  1 ....  126  ....  74 

Iodide  of  strontium 1 170  100 

loDATE  OF  Strontia,  SrO,I05,  is  obtained  as  iodate  of  baryta  : when 
iodine  is  added  to  strontia  water,  the  iodate  falls  and  iodide  remains  in 
solution.  AYhen  solution  of  chloride  of  strontium  is  decomposed  by 
iodate  of  soda,  the  precipitated  iodate  of  strontia  differs  in  its  state  of 
Yol.  II.  2 Y 
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hydration  Avith  the  temperature:  if  the  liquid  is  hot  a Avhite  pulverulent 
monohydrate  falls  z=:  Sr0,I05,IT0  : if  co/c/,  small  octohedral  crystals  of 
hexhydrated  iodate  are  formed  = SrO, 105,6110:  they  are  difficultly 
soluble,  requiring  about  400  parts  of  cold  and  120  to  130  of  boiling 
water.  (Rammelsbeug,  Poggend.^  xiiv.  575.) 

Periodate  of  Strontia.  The  salt  which  remains  after  heating  the 
iodate  to  redness  is  a subperiodate  z=:  5Sr0,107.  (Rammelsberg.) 

Bromide  of  Strontium,  SrBr.  Carbonate  of  strontia  dissolved  in 
hydrobromic  acid  and  evaporated  to  dryness  leaves  a white  fusible 
bromide:  it  crystallizes  from  its  aqueous  solution  in  long  slender  prisms 
— SrBr,6F10.  (Beiithemot,  Ann.  Ch.  et  Ph..,  Lxxiv.  394.  Raimmiils- 
BBRG, Poggend.,  Lv.  238.)  Bromide  of  strontium  absorbs  ammonia,  form- 
ing a compound  48rBr  ffi  NHS. 

Brotiiate  of  Strontia.  Sr0,Br05.  By  evaporating  solution  of  car- 
bonate of  strontia  in  ])romic  acid,  crystals  are  obtained  — Sr0,Br05,I10  : 
they  are  rhombic  prisms,  soluble  in  .3  of  cold  water,  which  become  anhy- 
drous after  exposure  to  a heat  of  248A  (Rammelsberg.) 

Fluoride  of  Strontium,  SrF,  is  a very  difficultly  soluble  white 
powder,  obtained  in  the  same  wmy  as  fluoride  of  barium. 

Nitrate  of  Strontia.  Sr0,N05.  This  salt  is  obtained  by  pro- 
cesses similar  to  those  for  obtaining  nitrate  of  baryta  : it  crystallizes 
in  octohedrons  : it  is  soluble  in  5 parts  of  water  at  60^,  and  in  half  its 
weight  of  boiling  water.  It  is  insoluble  in  anhydrous  alcohol.  Its  taste 
is  pungent  and  cooling.  At  a red  heat  the  acid  is  evolved  and  decom- 
posed, and  strontia  remains.  According  to  Strorneyer,  the  crystallized 
salt,  as  ordinarily  prepared,  contains  no  ivater  of  crystallization.  It  is 
used  in  the  red  f re  employed  at  the  theatres,  ’which  consists  of  40  parts 
of  dry  nitrate  of  strontia,  13  of  powdered  sulphur,  5 of  chlorate  of 
potassa,  and  4 of  sulphuret  of  antimony.  The  chlorate  and  sulphuret 
should  be  separately  powdered,  and  mixed  together  on  paper  with  the 
other  ingredients;  a small  quantity  of  powdered  charcoal  is  also  occa- 
sionally added.  When  nitrate  of  strontia  is  tinely  powdered  and  mixed 
with  spirit  of  wine,  it  communicates  a beautiful  red  tint  to  its  flame.  It 
is  composed  of 


strorneyer.  Cooper.  Richter. 

Strontia  ] ....  52  ....  49  ....  49'38  ....  49-08  ....  48-8 

Nitric  acid  I ....  54  ....  51  ....  50-82  ....  50-92  ....  51-4 


Nitrate  of  strontia  1 106  100  100-00  lOO’OO  100  0 

Hydrated  nitrate  of  Strontia.  Sr0,N05,51I0.  When  a moderately- 
strong  solution  of  the  above  anhydrous  nitrate  is  set  aside,  it  sometimes 
deposits  at  a low  temperature  oblique  rhombic  crystals.,  (Brooke,  Ann.  of 
Phil.,  2nd  Series,  vii.  288,)  composed  of 


Cooper,  Kirwan. 

Strontia 1 ....  52  ....  34-44  ....  35-4  ....  38-21 

Nitric  acid  1 54  ....  35-78  ....  38-8  ....  31-07 

Water  5 ....  45  ....  29-80  ....  27-8  ....  32-72 


Hydrated  nitrate  of  strontia  1 


151 


100-00 


100-0 


100-00 
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SuLPiTURET  OF  STRONTiu:>r,  Si'S,  may  be  formed  by  exposing  tlie  pow- 
dered sulphate  to  a high  red-heat  with  charcoal,  and  by  otlier  methods 
similar  to  those  described  under  sulphuret  of  barium  and  sulphate  of 
liaryta  (pp.6G5  and  6()8.)  It  dissolves  in  water  with  the  same  phenomena 
as  sulphuret  of  barium,  and  its  solution  furnishes,  by  cautious  evapora- 
tion, ciystals  of  hUnjdrosulphurel  of  =:SrS,HS,HO,  together  with 

hydrated  strontia.  When  strontia  or  sulphuret  of  strontium  is  dissolved 
in  water  by  a current  of  sulphuretted  hydrogen,  and  the  solution  evapo- 
rated in  vacuo,  square  prismatic  crystals  are  obtained,  which,  when  lieated, 
fuse  and  give  off  water  and  sulphuretted  hydrogen,  sulphuret  of  strontium 
remaining  in  the  form  of  a white  powder.  (Berzelius.) 


lIvposuLPinTE  (Dithionite)  OF  Strontia,  Sr0,S202,  is  formed  liy 
passing  sulphurous  acid  into  the  solution  of  the  sulphuret,  or  by  exposing 
it  to  air;  it  crystallizes  in  rhomboids  permanent  at  common  temperatures, 
and  soluble  in  about  .5  parts  of  water  at  60°.  (Gay  Lussac,  Ann.  de 
Lxxxv.)  i\ccording  to  Ilerschel,  this  salt  is  doubly  refractive. 
Its  taste  is  bitter,  and  it  is  insoluble  in  alcohol.  The  crystals  consist  of 


Strontia  

ITyposidpliiiroiis  acid 
Water 


1 ....  52 

1 ....  48 

5 ....  45 


Gay  Lussac. 
. 3 5 '9 

. 33-1 

. 310 


Crystallized  l)yposidj)lu'te  of  strontia....  1 145  lOO'O 


Sulphite  of  Strontia,  Sr0,S02,  is  tasteless,  nearly  insoluble  and 
becomes  sulphate  by  exposure  to  air. 

TIyposulphate  (Ditiiionate)  of  Strontia,  Sr0,S205,  crystallizes  in 
liexangular  table.s,  soluble  in  4‘5  water  at  60°,  and  in  1*5  at  212°;  inso- 
luble in  alcohol;  bitter,  permanent,  and  leaving  0*577  of  sulphate  of 
strontia  after  heating  to  redness.  They  consist  of 


Strontia  

..  1 . 

...  52  . 

...  32-5  . 

Hecren. 
...  32-54 

Ilvposulphuric  acid  

1 

...  72  . 

...  45  0 . 

...  45-38 

Water 

. 4 . 

...  38  . 

...  22-5  . 

...  22-10 

Crystallized  hyposiih)hate  of  sti'ontla  .. 

..  1 

180 

100-0 

100-00 

Sulphate  of  Strontia.  SrO,S03.  It  is  of  very  sparing  solubility,  I 
part  requiring  3840  of  boiling  water  for  its  solution.  (Hope.)  Accoiding 
to  Andrews  (Phil.  ^lag..^  vii.  406),  it  dissolves  in  3600  of  water  at  60°,  but 
is  less  soluble  when  sulphuric  acid  or  sulphate  of  soda  are  at  the  same 
time  present.  It  is  distinguished  from  sulphate  of  baryta  by  being  slowly 
soluble  in  solution  of  chloride  of  sodium.  (ATackenroder.)  It  is  inso- 
luble in  solution  of  sal-ammoniac.  It  is  soluble  in  boiling  sulj)huric  acid, 
but  falls  upon  dilution.  When  heated  with  charcoal,  its  acid  is  decom- 
posed, and  sulphuret  of  strontium  formed,  which  affords  nitrate  by  the 
action  of  nitric  acid.  This  process,  as  practised  upon  sulphate  of  baryta, 
is  adopted  to  obtain  the  salts  of  strontia,  and  through  them  pure  strontia. 
At  a very  high  heat  it  fuses  into  an  opaque  enamel.  According  to 
jMoretti,  its  acid  is  expelled  at  a red-lieat,  by  arsenic  acid.  It  consists  of 

2 5'  2 


678  SULPHATE  OF  STRONTIA. 

Vauquelin.  Stromeyer.  Klaproth. 

Strontia I ....  52  ....  56*52  ....  54  ....  57  ....  58 

Sulphuric  acid  1 ....  40  ....  43*48  ....  46  ....  43  ....  42 


Sulphate  of  strontia  1 92  100*00  100  100  100 

Native  Sulphate  of  Strontia  is  sometimes  of  a blue  tint,  and  has 
hence  been  called  coelestine.  Sometimes  it  is  colorless  and  transparent. 
Its  primitive  form  is  a prism  of  104°  48^  and  7^°  42'  with  a rhomboidal 
basis.  It  has  been  found  at  Strontian,  in  Argyleshire;  in  the  vicinity  of 
Bristol;  at  Montmartre,  near  Paris;  in  Germany,  America,  &c.  The 
finest  crystallized  specimens  are  accompanied  with  native  sulphur,  from 
Sicily.  Its  specific  gravity  varies  between  3 and  4.  A baryto-sulphate 
(f  strontia^  composed  of  about  3 atoms  of  sulphate  of  baryta  and  7 
sulphate  of  strontia,  is  found  in  Upper  Canada;  and  another  variety, 
called  radiated  ccelestine^  occurs  at  Norden,  near  Hanover. 

Phosphuret  op  Strontium,  SrP^  has  properties  analogous  to  those  of 
phosphuret  of  barium. 

Hypophosphite  of  Strontia,  SrO,PO,  has  been  examined  by  Dulong; 
it  is  a very  soluble  and  difiicuitly-crystallizable  salt,  and  is  obtained  by  a 
process  similar  to  that  for  forming  the  hypophosphite  of  baryta.  {Ann. 
Ch.  et  Ph.^  ii.  142.)  Wurtz  obtained  it  by  boiling  a solution  of  sulphuret 
of  strontium  with  phosphorus:  it  is  unchanged  by  air,  very  soluble  in 
water,  and  insoluble  in  alcohol:  its  formula  is  SrO,PO,2HO;  orSrO,PH2, 
03.  {Ann.  Ch.  et  Ph.,  Fevr.  1846.) 

Phosphite  of  Strontia.  SrO,P03.  When  carbonate  of  strontia  is 
dissolved  in  phosphorous  acid,  a crystallized  salt  is  obtained  on  evaporation; 
the  crystals  are  decomposed  by  warm  water,  and  a white  'powder  falls, 
which  is  probably  a neutral  phosphite.  (Berzelius.)  AVhen  solution 
of  chloride  of  strontium  and  chloride  of  phosphorus  are  mixed  and  exposed 
to  spontaneous  evaporation,  crystals  of  phosphite  of  strontia  are  deposited; 
when  they  are  heated,  phosphuretted  hydrogen  is  evolved,  and  phosphate 
of  strontia  formed. 

Phosphate  of  Strontia  ( Tribasic),  2Sr0,H0,cP05,  is  an  insoluble 
white  salt;  it  is  soluble  in  excess  of  phosphoric  acid,  and  in  dilute  hydro- 
chloric and  nitric  acids.  It  is  entirely  decomposed  by  sulphuric  acid. 
By  igniting  it  with  charcoal,  phosphuret  of  strontium  is  obtained.  It 
fuses,  before  the  blow-pipe,  into  a white  enamel.  It  is  obtained  by  pre- 
cipitation from  nitrate  of  strontia,  by  rhombic  phosphate  of  soda,  and 


consists  of 

Strontia  2 ....  104  ....  66*21 

Water  1 9 ....  4*86 


Phosphoric  acid  1 ....  72  ....  38*93 


Common  phosphate  of  strontia  

Bibasic  Pyrophosphate.  2Sr0,^P05. 
the  preceding  to  redness:  it  consists  of 


Strontia  2 

Phosphoric  acid  1 


1 185  100*00 

This  salt  is  formed  by  heating 

Vauquelin. 

,.  104  ....  59*69  ....  58*76 

72  ....  40-31  ....  41*24 


Bibasic  or  pyrophosphate  of  strontia....  1 


176 


100*00 


100*00 
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Selenite  op  Strontia  is  an  insoluble  white  powder.  (Berzelius, 
Ann.  Ch.  el  Ph..,  ix.  263.)  There  is  also  a difficultly  soluble  biselenile. 

Seleniate  of  Strontia  lias  not  been  examined. 

Carbonate  of  Strontia,  Sr0,C02,  when  artificially  formed,  is  a white 
powder,  soluble  in  1536  parts  of  hot  water.  When  strongly  heated  with 
a little  charcoal-poAvder,  it  is  decomposed,  carbonic  oxide  is  given  off,  and 
pure  strontia  remains  (but  it  is  not  decomposed  by  heat  alone?).  When 
steam  is  passed  over  it  at  a high  temperature,  it  parts  with  its  acid  and 
become  a hydrate.  Before  the  oxyhydrogen  blow-pipe  it  slowly  volatilizes 
with  a red  light.  It  is  very  slightly  soluble  by  excess  of  carbonic  acid, 
and  the  solution  deposits  small  acicular  crystals.  It  is  composed  of 


Stromeyer.  Ure.  Klaproth. 

Strontia 1 52  ....  70-3  ....  70*313  ....  69*8  ....  69*5 

Carbonic  acid 1 ....  22  ....  29*7  ....  29*687  ....  30*2  ....  30*5 


Carbonate  of  strontia  ....1  74  100*0  100*000  100  0 100*0 

Native  Carbonate  of  Stro?itia  or  Stronlianite  is  a rare  mineral.  It  has 
a greenish  tint,  and  occurs  in  radiated  masses,  and  sometimes  in  acicular 
and  hexahedral  crystals.  It  was  first  discovered,  in  1737,  at  Strontian,  in 
Argyleshire,  whence  the  name  of  this  earth;  it  has  also  been  found  in 
Saxony,  and  in  Peru.  Its  specific  gravity  is  3*6.  It  generally  contains 
traces  of  carbonate  of  lime.  When  in  very  fine  powder,  it  has  a slight 
alkaline  reaction  upon  vegetable  colors. 

Cyanide  of  Strontium  has  not  been  examined. 

Mellonide  of  Strontium  is  more  soluble  than  the  corresponding 
harytic  salt:  its  hot  saturated  solution  deposits  abundance  of  acicular 
crystals  on  cooling. 

SuLPHOCYANiDE  OF  Strontium  forms  delicate  prismatic  crystals,  which 
deliquesce  on  exposure,  and  contain  3 atoms  of  Avater,  Avhich  they  do  not 
lose  till  heated  to  between  320°  and  340°,  when  they  begin  to  decompose. 

Borate  of  Strontia,  Sr0,2B03,  Avas  formed  by  Dr.  Hope.  It  is  a 
AApite  powder,  soluble  in  130  parts  of  AAmter,  and  very  soluble  in  solutions 
of  nitrate  and  hydrochlorate  of  ammonia. 

Properties  of  the  Salts  of  Strontia.  There  is  in  many  respects 
a resemblance  betAveen  strontia  and  baryta,  Avhich  has  led  to  difficulties 
in  analysis.  They  are  both  found  native  in  the  states  of  sulphate  and 
carbonate  only;  both  sulphates  are  slightly  soluble  in  excess  of  sulphuric 
acid,  nearly  insoluble  in  Avater,  and  decomposable  by  similar  means,  as 
well  as  the  natiA^e  carbonates;  they  are  both  crystallizable  from  their  hot 
aqueous  solutions,  and  both  attract  carbonic  acid.  The  carbonates  are 
each  soluble  Avith  effervescence  in  the  stronger  acids;  but  the  native  car- 
bonates are  not  so  easily  acted  on  as  the  artificial.  Pure  ammonia  pre- 
cipitates neither  one  nor  the  other.  The  following  are  essential  distinc- 
tions. Baryta  and  all  its  salts,  except  the  sulphate,  are  poisonous.  The 
corresponding  strontitic  salts  are  not  so.  Baryta  tinges  flame  yelloAv; 
strontia,  red;  and  this  color  is  very  brilliant  AAuth  the  flame  of  hot  alcohol, 
and  especially  so  Avith  pyroligneous  spirit.  Strontia  has  less  attraction  for 
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acids  than  baryta;  hence  the  strontitic  salts  are  decomposed  by  baryta. 
Chloride  of  barium  is  insoluble  in  anhydrous  alcohol,  but  chloride  of 
strontium  dissolves  in  about  24  parts  of  alcohol.  The  greater  number  of 
the  barytic  salts  are  less  soluble  than  those  of  strontia;  this  even  applies 
to  the  sulphates,  for  the  sulphate  of  strontia  is  sensibly  soluble  in  water, 
which  the  sulphate  of  baryta  is  not;  hence  the  use  above  alluded  to  ot 
an  aqueous  solution  of  sulphate  of  strontia  as  a test  for  barytic  salts. 
The  two  classes  of  salts  also  differ  in  their  respective  forms.  Pure  baryta, 
moreover,  is  much  more  soluble  in  water  than  pure  strontia.  Baryta 
and  strontia  may  also  be  distinguished  by  the  following  process:  Dis- 
solve in  hydrochloric,  nitric,  or  any  other  acid  with  which  it  forms  a 
soluble  salt,  then  add  excess  of  solution  of  sulphate  of  soda,  filter,  and 
test  the  clear  fluid  by  carbonate  of  potassa;  if  any  precipitate  falls,  the 
earth  was  strontia;  if  none,  baryta.  This  again  shows  the  slight  solubility 
of  sulphate  of  strontia,  and  the  insolubility  (in  such  solution)  of  sulphate 
of  baryta.  Succinate  of  ammonia,  and  fluosilicic  acid,  precipitate  baryta, 
but  not  strontia.  Isomorphism  pervades  the  salts  of  strontium,  barium, 
and  lead,  and  they  are  to  a certain  extent  analogous  in  their  respective 
solubilities. 


§ Yir.  MAGNESIUM.  Mg.  12. 

Magnesium,  or,  as  he  at  first  called  it,  Magiiium^  was  discovered  by 
Sir  H.  Davy  in  1808:  he  obtained  it  by  electrizing  mercury  in  contact 
with  magnesia,  and  also  by  passing  the  vapor  of  potassium  over  white-hot 
magnesia,  and  he  observed  its  inaction  upon  water  as  compared  with 
potassium. 

The  metallic  base  of  magnesia  had  not,  however,  been  accurately 
examined,  till  Bussy,  in  1830,  obtained  it  by  the  decomposition  of  cJilo- 
ride  of  magnesium  by  potassium.  {Aim.  Ch.  el  P/u,  xLvi.)  To  effect  this, 
some  globules  of  potassium  are  put  into  a glass  tube,  and  fragments  of 
anhydrous  chloride  of  magnesium  placed  over  them:  the  latter  is  then 
heated  till  it  begins  to  fuse,  and  the  potassium  allowed  to  run  through  it 
by  slightly  inclining  the  tube;  ignition  ensues,  and  the  mass,  when  cold, 
affords,  on  washing  with  Avater,  a number  of  small  metallic  globules.  Sodium 
placed  at  the  bottom  of  a green  glass  test-tube,  and  covered  with  frag- 
ments of  fused  chloride  of  magnesium,  Avhen  carefully  heated  from  above 
downwards,  also  decomposes  the  chloride:  in  all  these  cases,  the  action  is 
very  intense,  so  that  the  tube  is  often  broken  and  its  contents  lost.  Bec- 
querel,  by  the  electrolysis  of  a solution  of  chloride  of  magnesium,  obtained 
the  metal  in  small  octohedral  crystals.  Mognesium  has  much  of  the 
appearance  of  silver;  though  hard,  it  is  malleable,  and  bears  some  resem- 
blance to  zinc.  It  fuses  at  a red-heat;  and  the  small  particles  in  Avhich 
it  is  produced  by  the  reduction  of  the  chloride  may  be  fused  together  at 
a bright  red- heat  under  fused  chloride  of  potassium. 

Magnesium  is  not  immediately  acted  upon  by  cold  water,  but  it  is 
rapidly  dissolved  by  very  dilute  acids,  forming  solutions  of  magnesia.  AVlien 
heated  in  the  flame  of  a spirit-lamp,  it  burns  when  in  small  particles  Avith 
intense  light  into  magnesia : it  resists  the  action  of  dry  air  at  common 
temperatures,  but  in  damp  air  becomes  gradually  covered  by  a film  of 
oxide.  The  equivalent  of  magnesium  is  12.  (12  Gmelin.  12’7  Turner.) 


MAGNESIA. 
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Oxide  of  Magnesium.  Magnesia.  MgO.  This  is  the  only  known 
compound  of  magnesium  and  oxygen ; it  is  generally  procured  by  exposing 
the  carbonate  of  magnesia  for  some  time  to  a red-heat.  Magnesia  is  a 
bulky  white  insipid  powder,  sp.  gr.  about  3:  it  has  a slight  alkaline  reaction 
upon  delicate  vegetable  colors,  hut  water  Avhich  has  been  agitated  with 
magnesia,  when  filtered  through  paper,  does  not  produce  similar  effects 
(Henry);  it  is  almost  infusible,  and  a mixture  of  lime  and  magnesia  is 
scarcely  more  fusible  than  the  separate  earths.  It  is  nearly  insoluble  in 
water.  Cold  water  is  said  to  dissolve  it  in  the  proportion  of  between  a six 
and  seven  thousandth  part;  whereas  1 part  of  the  earth,  according  to  Dr. 
Ey^^)  requires  for  its  solution  36,000  of  boiling  water.  It  does  not  absorb 
carbonic  acid  or  moisture  when  exposed  to  air  nearly  so  rapidly  as  the  other 
alkaline  earths,  and  scarcely  any  heat  is  produced  by  pouring  water  upon  it, 
but  it  is  converted  into  a hydrate.  (MgO, HO.)  When  thrown  down  from 
its  solutions  by  potassa,  collected  upon  a filter,  and  dried  at  212°,  it  still 
retains  water;  but  when  more  highly  heated,  and  at  a temperature  below 
redness,  it  again  becomes  anhydrous.  It  is  insoluble  in  solutions  of 
potassa  and  soda.  It  forms  bitter  saline  compounds  with  the  acids,  and 
is  most  readily  distinguished  from  the  other  earths  by  the  solubility 
and  bitter  taste  of  its  sulphate;  the  sulphates  of  the  other  alkaline  earths 
being  nearly  or  quite  tasteless,  or  very  difficultly  soluble,  while  those  of 
the  earths  proper  are  sweet  or  astringent.  The  attractions  of  magnesia 
for  the  acids  correspond,  in  most  instances,  closely  with  those  of  ammonia, 
which  is  in  some  cases  displaced  by,  and  in  others  displaces,  magnesia. 
It  may  also  be  observed,  that  ammonia  and  magnesia  produce  double  salts 
with  most  of  the  acids.  Magnesia  consists  of 

Wollaston.  Gay  Lussac,  Berzelius, 

IMagnesium  ....  1 ....  12  ....  00  ....  59’3  ....  59'5  ....  01*29 


Oxygen 1 ....  8 ....  40  ....  40-7  ....  40*5  ....  38-71 

Magnesia  I 20  100  100  0 100*0  100  00 


Native  Hydrate  of  Magnesia.  This  mineral  was  first  discovered  by 
Dr.  Bruce,  in  the  serpentine  rocks  of  Hoboken,  in  New  Jersey;  it  has 
also  been  found  by  Dr.  Hibbert,  in  a vein  traversing  serpentine,  at 
Swinaness  in  Unst,  one  of  the  Shetland  Isles.  It  has  a very  pale  greenish 
hue,  and  a soft  lamellar  texture;  sp.  gr.  2*3.  Sometimes  it  forms  acicular 
crystals  and  six-sided  prisms.  It  consists  (like  the  artificial,)  of 


Bruce.  Fyfe.  Stromeyer. 

Magnesia 1 ....  20  ....  69  ....  70  ....  69-75  ....  68  35 

Water  1 ....  9 ....  31  ....  30  ....  30*25  ....  30*90 


Native  hydrate  of  magnesia  1 29  100  100  100*00  99*25 

Chloride  of  Magnesium,  MgCl,  may  be  obtained,  (1.)  by  passing  chlo- 
rine or  hydrochloric  acid  over  red-hot  magnesia;  in  the  former  case  oxygen, 
and  in  the  latter  water,  is  evolved.  A little  charcoal,  intimately  mixed 
Avith  the  magnesia,  facilitates  the  action.  Bussy  mixes  the  magnesia  with 
its  weight  of  starch,  and  forms  it  into  a paste  Avith  Avater,  Avhich  he  heats 
in  a covered  crucible,  so  as  to  form  a carbonaceous  mass;  this  is  intro- 
duced into  a slightly-inclined  red-hot  porcelain  tube,  and  dry  chlorine 
passed  over  it:  the  chloride  of  magnesium  then  flows  from  the  tube. 
(2.)  By  heating  a mixture  of  1 part  of  magnesia  and  2 of  sal-ammoniac  in 
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a glass  retort  gradually  to  redness;  or  by  Liebig’s  method,  which  consists 
in  evaporating  a solution  of  equal  parts  of  hydrochlorate  of  ammonia  and 
hydrated  chloride  of  magnesium,  and  heating  the  dry  residue  in  a platinum 
vessel  till  the  hydrochlorate  of  ammonia  is  expelled  and  the  mass  fuses. 
Chloride  qf  magnesium  forms  a lamellar  white  crystalline  mass,  which 
evolves  heat  when  acted  on  by  water.  This  chloride  cannot  be  obtained 
by  merely  evaporating  its  aqueous  solution  to  dryness  in  an  open  vessel, 
for  in  that  case  hydrochloric  acid  escapes,  and  magnesia  remains.  Chlo- 
ride of  magnesium  is  very  deliquescent;  it  is  soluble  in  about  half  its 
weight  of  water,  and  twice  its  weight  of  alcohol.  It  consists  of 

Magnesium.,. 1 ....  12  ....  25 

Chlorine 1 ....  36  ....  76 

Chloride  of  magnesium  1 48  100 

When  solution  of  chloride  of  magnesium  is  concentrated  by  evaporation, 
and  exposed  to  a cold  atmosphere,  it  yields  prismatic  hydrated  crystals, 
deliquescent,  very  soluble  in  water  and  alcohol,  and  of  a bitter  and 
biting  taste.  This  salt  was  formerly  termed  muriate  of  magnesia;  it  is 
found  in  a few  saline  springs,  and  in  the  water  of  the  ocean,  forming  the 
principal  ingredient  in  the  liquid  which  remains  after  the  separation  of 
sea-salt,  and  which  is  usually  called  bittern.  The  above-mentioned  crys- 
tals consist  of 

Chloride  of  magnesium  1 ....  48  ....  47  2 

Water 6 ....  54  ....  52*8 

Crystals  of  hydrated  chloride  of  magnesium  1 102  100*0 

Sea-Water.  Chloride  of  sodium  is,  as  already  stated,  the  most 
abundant  ingredient  in  the  waters  of  the  ocean ; it  constitutes  about  two- 
thirds  of  the  whole  saline  contents ; the  magnesian  salts  are,  however, 
very  characteristic  of  sea-water,  and  confer  upon  it  many  of  its  pecu- 
liarities, such  especially  as  its  bitter  flavor  and  clamminess. 

The  average  specific  gravity  of  sea-water  is  I ‘026  or  1*028,  and  of 
its  saline  contents  3’5  per  cent.:  it  freezes  at  about  28*5°:  it  does  not 
appear  materially  to  differ  in  composition  in  different  latitudes,  provided 
it  be  taken  from  a sufficient  depth.  Near  the  mouths  of  rivers,  and  in 
the  vicinities  of  melting  ice  or  snow,  its  composition  Avill  of  course  vary. 
Traces  of  chloride  of  potassium,  and  of  iodine  and  bromine,  may  also  be 
found  in  it;  and,  according  to  Dr.  Marcet  [Phil.  Trans,,  1819  and  1822), 
of  double  sulphate  of  magnesia  and  potassa,  and  of  hydrochlorate  of  am- 
monia. He  has  also  detected  in  it  a minute  portion  of  carbonate  of  lime. 
In  respect  to  the  general  constitution  of  sea-water,  it  appears  from 
Marcet  s researches,  (1.)  That  the  southern  ocean  contains  more  salt 
than  the  northern,  in  the  ratio  of  1*02919  to  1*02757.  (2.)  That  the 

mean  specific  gravity  of  sea- water  near  the  equator  is  1*02777)  or  inter- 
mediate between  that  of  the  northern  and  southern  hemispheres.  (3.) 
lhat  there  is  no  notable  difference  in  sea-water  under  different  meridians. 
(4.)  That  there  is  no  satisfactory  evidence  that  the  sea  at  great  depths  is 
more  salt  than  at  the  surface.  (5.)  That  the  sea  in  general  contains  most 
salt  where  it  is  deepest  and  most  remote  from  land,  and  that  its  saltness 
is  always  diminished  in  the  vicinity  of  large  masses  of  ice.  (6.)  That 


SEA-WATER. 
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small  inland  seas,  tliougb  communicating  witb  the  ocean,  are  less  salt 
than  the  ocean.  (7*)  That  the  Mediterranean  contains  rather  larger  pro- 
portions of  salt  than  the  ocean.  (Prout,  Bridgewater  Treatise.)  Ac- 
cording to  Pfaff,  10,000  parts  of  the  water  of  the  Mediterranean  contain 
410  grains  of  solid  matter ; of  the  English  Channel  380  grs.  The  follow- 
ing are  their  analyses.  {Phil,  Mag..,  July,  1839.) 


Mediterranean. 

Englisti  Channel. 

(Laurens.) 

(Schweitzer.) 

W^ater  

,...  959*26  

964*74372 

Chloride  of  sodium  

27*22  

27*05948 

„ potassium  

0*01  

0*76552 

,,  magnesium 

6*14  

3*66658 

Bromide  of  magnesium  

— 

0*02929 

Sulphate  of  magnesia  

7*02  

2*29578 

,,  lime  

0*15  ....... 

1*40662 

Carbonate  of  lime  (and  magnesia)  , 

0*20  

0*03301 

1000*00 

1000*00000 

According  to  these  analyses  it  will  be  observed  that  the  Mediterranean 
contains  much  more  sulphate  of  magnesia  and  much  less  sulphate  of  lime 
than  the  Channel : traces  of  iodine  and  of  ammonia  were  also  detected 
in  it. 

Chloride  of  Magnesia.  Hypochlorite  of  Magnesia.  The  fluid 
obtained  by  condensing  chlorine  in  a mixture  of  magnesia  and  water,  was 
recommended  by  Davy  {Elem.  of  Chem.  Phil.,)  for  delicate  bleaching 
operations,  but  has  not  been  generally  employed. 

Chlorate  of  Magnesia,  MgO,C105,  is  obtained  by  mixing  a solution 
of  fluosilicate  of  magnesia  with  a hot  saturated  solution  of  chlorate  of 
potassa  as  long  as  a precipitate  falls.  (Berzelius.)  When  formed  by 
saturating  chloric  acid  with  carbonate  of  magnesia,  it  is  bitter,  difficultly 
crystallizable,  deliquescent,  and  very  soluble  in  water  and  alcohol.  From 
the  analysis  of  Chenevix  {Phil.  Trans.,  1802),  the  crystals  appear  to  con- 
tain 2110.  According  to  Wachter  they  contain  6HO,  fuse  at  104°,  and 
are  entirely  decomposed  at  248°. 

Perchlorate  of  Magnesia,  MgO,C107,  forms  deliquescent  prismatic 
crystals,  soluble  in  alcohol.  (Serullas.) 

Ammonio-chloride  of  Magnesium  is  a crystallizable  salt  soluble  in 
10  parts  of  water  at  60°.  (Fourcroy,  Ann.  de  Chim.,  iv.  215.) 

PoTASSio-ciTLORiDE  OF  Magnesium  may,  by  very  careful  evaporation, 
be  obtained  in  rhombic  crystals;  but  the  constitution  of  this  salt  is  so 
delicate,  that  it  is  liable  to  be  separated  into  chloride  of  j^otassium  and  of 
magnesium  by  water  alone;  and  it  is  with  certainty  decomposed  by  alcohol, 
which  takes  up  the  magnesian  chloride,  and  leaves  the  other  undissolved. 
(Marcet,  Phil.  Trans.,  1822,  p.  456.)  The  crystallized  salt  contains 

Chloride  of  magnesium 2 ....  9G  ....  34’28 

Chloride  of  potassium  1 ....  7G  ....  27*14 

Water  12  ....  108  ....  3858 

Crystallized  potassio-chloride  of  magnesium  1 280  100*00 

The  corresponding  soda  salt  is  — NaCl,2MgCl  + 2HO.  (Poggiale.) 
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' Iodide  of  Magnesium.  Mgl.  When  iodine  is  heated  ivith  magnesia 
and  water,  iodide  oj"  magnesium  and  iodate  of  magnesia  are  formed.  By 
concentrating  the  solution,  both  salts  are  partly  decomposed,  and  a brown 
flocculent  iodide  of  magnesia  falls  (resembling  kermes  in  appearance), 
which,  when  heated,  loses  part  of  its  iodine,  and  is  changed  into  a siih^ 
iodide.  (Henry,  Elem.  Chem.^  i.  593.)  The  hydrated  iodide  obtained 
by  dissolving  magnesia  in  hydriodic  acid  is  very  difficultly  crystallized, 
and  when  heated  gives  off  hydriodic  acid  and  leaves  magnesia. 

Iodate  of  Magnesia.  Iodic  acid  forms  no  precipitate  in  solutions  of 
magnesian  salts  : the  crystallized  iodate,  Mg0,I05,4H0,  is  obtained  by 
digesting  magnesia  in  solution  of  iodic  acid. 

Bromide  of  Magnesium,  MgBr,  was  obtained  by  Lowig  by  passing 
bromine  vapor  over  red-hot  magnesia  mixed  with  a little  charcoal : it  is 
a white  crystalline  substance  not  volatile  and  requiring  a red  heat  for 
fusion : the  hydrated  bromide  (hydrobromate)  is  a bitter  deliquescent 
salt,  resolved,  by  heat  and  air,  into  magnesia  and  hydrobroinic  acid.  It 
forms  acicular  prisms,  very  soluble  in  water  and  alcohol.  It  exists  in  sea- 
water and  some  saline  springs.  The  formula  of  the  hydrated  crystals  is 
MgBr,6HO. 

Bromate  of  Magnesia,  Mg0,Br05,  forms  efflorescent  octohedral 
crystals,  soluble  in  I ’4  of  water.  (Raaimelsberg,  Poggend.,  uii.  89.) 

Fluoride  of  Magnesium,  MgF,  is  obtained  by  digesting  magnesia  in 
hydrofluoric  acid.  Berzelius  says  that  it  is  insoluble  in  water,  and  not 
decomposed  at  a red-heat.  (^Lehrbuch.) 

Nitrate  of  Magnesia,  Mg0,N05,  crystallizes  with  difficulty  in  rhom- 
boidal  prisms,  deliquescent,  and  soluble  in  their  weight  of  water.  In  pure 
alcohol  this  salt  is  nearly  insoluble,  but  one  part  dissolves  in  about  9 of 
alcohol  of  the  specific  gravity  *840.  Its  taste  is  cooling  and  bitter,  and  it 
is  decomposed  at  a red-heat.  It  is  sometimes  found  in  crude  nitre.  The 
crystallized  salt,  according  to  Kirwan  and  Bergman,  contains  about  30 
per  cent,  of  water ; according  to  Thomson,  6 atoms.  According  to 
Graham,  I atom  of  vvater  is  essential  to  the  constitution  of  this  salt,  so 
that  when  the  crystals  containing  6 atoms  of  vvater  are  highly  heated,  only 
5 atoms  go  off’,  and  I atom  remains  in  combination  ; this  monohydrate 
may  be  lused  without  decomposition;  when  intensely  heated  the  salt  loses 
both  acid  and  water,  and  magnesia  remains;  Graham  therefore  represents 
this  salt  as  Mg0,N05,Ii0,  fl- 5110.  On  evaporating  the  alcoholic  solution 
of  nitrate  of  magnesia,  a solid  alcoate  is  formed,  Avith  which  a portion  of 
water  is  also  probably  associated. 

Ammonio-nitrate  of  Magnesia  may  be  obtained,  according  to  Four- 
croy,  by  evaporating  a mixed  solution  of  nitrate  of  ammonia  and  nitrate 
of  magnesia ; it  forms  prismatic  crystals,  of  a bitter  acrid  taste,  soluble  in 
about  II  parts  of  water  at  60°,  and  less  deliquescent  than  their  compo- 
nent salts  separately.  {Ann.  de  Ch..,  iv.  215.)  Berzelius  admits  the 
existence  of  this  salt,  but  Graham  did  not  succeed  in  forming  it,  or  any 
other  double  nitrate. 
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SuLpnuRET  OF  Magnesium.  MgS.  Sulphur  and  magnesia  do  not 
appear  to  form  a complete  sulpliuret,  for  ivhen  melted  together  the  com- 
pound does  not  dissolve  in  water;  and  when  heated,  the  sulphur  burns 
off.  Nor  can  a sulpliuret  of  magnesium  be  obtained  by  heating  the  metal 
with  sulphur.  (Liebig.)  Berzelius  states  that  sulphate  of  magnesia 
decomposed  by  an  aqueous  solution  of  sulpliuret  of  barium  yields  a pre- 
cipitate of  sulphate  of  baryta  and  a solution  of  sulpliuret  of  magnesium. 
According  to  Berthier,  when  sulphate  of  magnesia  is  intensely  heated  in 
a crucible  lined  with  charcoal,  a sulpliuret  of  magnesium  is  formed  ; but 
when  the  charcoal  is  mixed  with  the  sulphate,  sulphur  is  evolved  and 
magnesia  only  remains.  {Ann.  Ch.  et  Ph..,  xxii.  236.)  Hydrogen 
passed  over  sulphate  of  magnesia  at  a high  temperature  would  also  pro- 
bably give  this  sulpliuret. 

Sulphuretted  hydrogen  gas  passed  through  water  holding  hydrate  of 
magnesia  in  suspension  slowly  dissolves  it : by  evaporation  in  vacuo 
sulphuretted  hydrogen  escapes  and  hydrosulphuret  of  magnesia  falls  : at 
a boiling  heat  the  whole  of  the  sulphuretted  hydrogen  is  dissipated,  and 
magnesia  remains.  (Berzelius.) 

Hyposulphite  (Dithionite)  of  Magnesia,  Mg0,S202,  may  be 
formed  by  boiling  sublimed  sulphur  in  solution  of  sulphite  of  magnesia; 
it  is  bitter,  very  soluble,  but  not  deliquescent.  Being  more  soluble  in  hot 
than  cold  water,  it  readily  crystallizes  as  its  solution  cools ; when  heated, 
sulphur  escapes,  but  the  salt  is  not  very  combustible.  (Hersciiel.)  The 
crystallized  salt  obtained  by  evaporation  in  vacuo  forms  permanent  rec- 
tangular prisms,  easily  soluble  in  water,  from  which  alcohol  throws  it 
down  in  the  form  of  an  oily  fluid.  (Rammelsberg,  Poggend.,  Lvi.  303.) 
The  crvstals  consist  of 

Rammelsberg. 

^Magnesia  1 ....  20  ....  1G'40  ....  IG‘82 

llyposulphurous  acid  1 ....  48  ....  39’34  ....  39  23 

Water  6 ....  54  ..  . 44‘26  ....  43’95 

Crystallized  hyposulphite  of  magnesia  1 122  lOO’OO  lOO'OO 

Sulphite  of  Magnesia,  Mg0,S02,  is  prepared  by  passing  sulphurous 
acid  through  water  containing  diffused  magnesia.  It  forms  tetrahedrcd 
crystals  soluble  in  20  parts  of  water  at  60°,  of  a sweetish  and  sulphurous 
taste;  they  become  opaque  in  the  air,  but  are  very  slowly  converted  into 
sulphate:  when  in  solution,  however,  this  change  soon  ensues.  When 
heated,  this  salt  softens  and  acquires  the  consistence  of  gum,  losing  0’45 
of  its  weight ; at  a high  heat  the  acid  is  disengaged,  and  pure  magnesia 
remains.  (Fourcroy  and  Yauquelin.) 

Ammonio-sulphite  of  JMagnesia  may  be  obtained  by  mixing  the 
solution  of  the  two  salts,  or  by  saturating  acid  sulphite  of  magnesia 
with  ammonia.  It  forms  transparent  diflicultly-soluble  crystals.  (Four- 
croy and  Yauquelin.) 

Hyposulphate  (Dithionate)  of  JMagnesia,  Mg0,S205,  is  difficultly 
crystallizable  in  hexagonal  prisms,  intensely  bitter,  fusible  in  their  water 
of  crystallization,  very  soluble  in  water,  but  not  deliquescent.  It  is 
formed  by  mixing  the  solutions  of  sulphate  of  magnesia  and  hyposulphate 
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of  baryta,  and  appears  from  Heeren’s  analysis  (Poggend.^  vii.  179),  to 
consist,  when  crystallized,  of 

Magnesia  1 ....  20  ....  13*70 

Hyposulphuric  acid  1 ....  72  ....  49'31 

Water  6 ....  54  ....  36*99 

Crystallized  hyposulphate  of  magnesia  ....  1 146  100*00 

Sulphate  op  Magnesia,  MgO,S03,  is  a commonly-occurring  salt, 
much  used  in  medicine  as  an  aperient.  When  concentrated  sulphuric 
acid  is  poured  upon  magnesia,  intense  heat  is  produced,  and  sometimes 
light.  If  the  acid  be  dilute,  and  poured  upon  carbonate  of  magnesia, 
the  latter  is  slowly  dissolved  with  effervescence ; and,  upon  evaporating 
the  filtered  solution,  crystals  of  sulphate  of  magnesia  may  be  obtained. 

The  commercial  demands  for  sulphate  of  magnesia  are  chiefly  supplied 
from  two  sources,  namely,  sea-water,  and  magnesian  limestone.  When 
sea- water  is  resorted  to,  the  greater  part  of  the  common  salt  is  first 
removed  by  evaporation,  and  the  remaining  bitler7i^  consisting  chiefly  of 
a solution  of  chloride  of  magnesium  and  sulphate  of  magnesia,  is  boiled 
down  with  the  addition  of  sulphuric  acid,  by  which  the  chloride  is  ulti- 
mately decomposed  and  converted  into  sulphate.  Or  the  bittern  may  be 
decomposed  by  hydrate  of  lime,  which  is  mixed  with  it  in  tanks,  and  the 
resulting  precipitate  is  afterwards  treated  by  sulphuric  acid,  by  which 
sulphate  of  magnesia  and  sulphate  of  lime  are  obtained.  When  magne- 
sian limestone  is  used  as  a source  of  sulphate  of  magnesia,  it  is  calcined 
and  reduced  to  powder  by  sprinkling  it  with  water;  it  is  then  diffused 
through  water  and  sulphuric  acid  is  added,  and  as  sulphate  of  magnesia 
is  so  much  more  soluble  than  sulphate  of  lime,  it  is  easily  separated.  A 
solution  of  sulphate  of  lime  may  also  be  decomposed  by  carbonate  of 
magnesia,  as  is  sometimes  seen,  where  water  holding  sulphate  of  lime  in 
solution  filters  through  strata  of  magnesian  limestone. 

The  sulphate  of  magnesia  from  bittern  is  generally  preferred  as  a 
source  of  magnesia,  or  carbonate  of  magnesia,  in  consequence  of  the 
absence  of  iron,  traces  of  which  are  always  discoverable  in  the  sulphate 
obtained  from  the  magnesian  limestones ; but  as  the  latter  is  free  from 
chloride  of  magnesium,  and  consequently  not  deliquescent,  and  may  be 
obtained  very  nearly  pure,  it  is  preferred  for  general  medical  uses.  Crude 
sulphate  of  magnesia  may  be  purified  by  exposing  it  to  a dull  red  heat, 
dissolving  it  in  water,  boiling  it  with  the  addition  of  calcined  magnesia, 
filtering,  and  crystallizing.  (Gmelin.) 

There  are  some  saline  springs  or  mineral  waters  in  which  sulphate  of 
magnesia  is  the  leading  ingredient,  as  those  of  Seidlitz,  Seydschutz,  Egra, 
and  formerly  those  of  Epsom  in  Surrey,  Avhence  the  name  of  Epsom  salt: 
it  is  also  largely  obtained  in  some  alum  wmrks : it  not  unfrequently 
occurs  as  a fine  capillary  incrustation  upon  the  damp  walls  of  cellars  and 
new  buildings;  and  it  has  been  found  native^  constituting  the  hair  salt  of 
mineralogists. 

Hydrated  sulphate  of  magnesia,  Mg0,S03,7H0,  crystallizes  (see  fig. 
10,  p.  7)  in  four-sided  prisms  with  reversed  dihedral  summits,  or  four- 
sided pyramids.  They  refract  double.  (Brooke,  Ann.  of  Phil.^  2nd 
Series,  vi.  40.)  Their  density  is  1*7.  Exposed  to  the  air,  it  has,  when 
pure,  a slight  tendency  to  efflorescence,  but  the  salt  of  commerce  is  often 


SULPHATE  OF  MAGNESIA. 


687 


deliquescent  from  tlie  presence  of  a little  chloride  of  magnesium.  Its 
taste  is  saline  and  hitter.  The  crystals  are  soluble  in  about  their  own 
weight  of  water  at  60°,  and  in  three-fourths  their  weight  of  boiling 
water;  or,  100  parts  of  water  at  32°  dissolve  25’76  parts  of  the  anhydrous 
salt,  and  for  every  degree  above  that  temperature  they  take  up  0’26564 
parts  additional.  (Gay  Lussac.)  It  is  much  more  soluble  in  hydro- 
chloric acid  than  in  water.  When  exposed  to  heat  the  crystals  readily 
lose  6 equivalents  of  water  of  crystallization,  but  retain  I equivalent  more 
obstinately.  At  a red-heat  this  salt  becomes  anhydrous,  and  at  a higher 
temperature  it  runs  into  a Avhite  enamel.  The  anhydrous  salt  regains 
water  from  the  atmosphere,  and  when  sprinkled  with  water  evolves  much 
heat.  Its  sp.  gr.  is  2'6. 

The  aqueous  solution  of  sulphate  of  magnesia  furnishes  a precipitate 
of  hydrated  carbonate  upon  the  addition  of  carbonate  of  potassa,  or  of 
soda,  but  carbonate  of  ammonia  does  not  even  render  it  turbid,  unless  heat 
be  applied,  in  which  case  a precipitate  is  also  thrown  down.  The  alkaline 
bicarbonates  occasion  no  precipitate  when  added  to  cold  solution  of  sul- 
phate of  magnesia,  but  after  some  hours  crystals  of  hydrated  carbonate  of 
magnesia  are  deposited.  A dilute  solution  of  sulphate  of  magnesia  is  not 
precipitated  by  oxalate  of  ammonia. 

The  sulphate  of  magnesia  of  commerce  is  occasionally  adulterated  with 
small  crystals  of  sulphate  of  soda ; the  fraud  is  detected  by  the  inferior 
weight  of  the  precipitate  occasioned  by  adding  carbonate  of  potassa;  or 
the  solution  of  the  mixed  salt  may  be  precipitated  by  baryta-water  and 
filtered;  the  excess  of  baryta  is  then  removed  by  carbonate  of  ammonia, 
and  filtering,  and  the  liquor  when  evaporated  leaves  carbonate  of  soda. 
If  a solution  of  sulphate  of  magnesia  containing  sulphate  of  soda  be 
shaken  for  some  time  with  carbonate  of  baryta,  the  liquor  becomes 
strongly  alkaline  from  the  evolution  of  soda.  Anhydrous  sulphate  of  mag- 
nesia consists  of 


Magnesia 

Sulphuric  acid 


Gay  Ber- 

Henry.  Lussac.  zelius.  Wenzel. 

1.. . .20. ...33-33  ....  32-14  ....  33  ....  34  ....  35-5 

1.. . .40... .06-67  ....  67‘86  ....  67  ....  66  ....  64-5 


Anhydrous  sulphate  of  magnesia  1 60  100-00  100-00  100  100  100-0 

And  the  common  crystallized  salt  contains,  according  to  Graham,  I atom 
of  constituent  water  and  6 of  water  of  crystallization,  it  being  represented 
by  MgO,S03,IIO  4-  6HO.  The  proximate  elements  of  the  crystals  are 

Gay  Lussac.  Wenzel. 

Magnesia 1 ....  20  ....  16-26  ....  16-04  ....  16-86 

Sulphuric  acid 1 ....  40  ....  32-52  ....  32-53  ....  30-64 

Water  7 ....  63  ....  51-22  ....  51-43  ....  52-50 


Crystallized  sulphate  of  magnesia  1 123  100-00  100-00  100-00 

There  are  other  hydrates  of  this  salt:  namely  a monohydrate  [MgO, 
S03,H0],  obtained  by  heating  the  common  crystals  to  270°.  A hinhy- 
dratey  [MgO, 803,2110],  formed  by  drying  the  common  crystals  at  212° 
in  vacuo  over  sulphuric  acid.  (Graham.)  A hexhydrate  [MgO,S03, 
6HO],  in  opaque  crystals  resembling  borax,  by  evaporating  the  solution 
of  the  sulphate  till  a pellicle  forms,  and  settting  it  aside  to  crystallize 
very  slowly  in  a warm  place.  (Haidinger.)  And  lastly,  when  a satu- 
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rated  solution  of  the  common  sulphate  is  cooled  helow  82°,  it  forms  ice, 
and  crystals  which  may  he  separated  by  thawing  at  82°,  and  Avhich  are 
either  small  and  opaque,  or  large  and  transparent  Mg0,S03,12H0. 
Above  32°  they  lose  water  hut  retain  their  form,  and  pass  into  opaque 
crystals  with  7 atoms  of  w^ater.  (Fritzsche.) 

Ammonio-sulphate  of  Magnesia.  Nn40,Mg0,2S03,6H0,  may  he 
obtained  by  mixing  solution  of  sulphate  of  ammonia  with  solution  of  sul- 
phate of  magnesia;  if  the  solutions  are  concentrated,  it  falls  as  a white 
crystalline  powder ; or  by  pouring  ammonia  into  a solution  of  the  sul- 
phate of  magnesia,  in  Avhich  case,  part  only  of  the  magnesia  is  thrown 
down,  the  remainder  forming,  with  the  sulphate  of  ammonia,  this  triple 
salt.  It  ciystallizes  in  oblique  rhombic  prisms.  (Brooke,  Ann.of  Fhil.y 


2nd  Series,  vii.  11 7*) 

Its  sp.  gr. 

is  1-72. 

The  crystals  contain 

Fourcroy. 

Ammonia 

1 

. . 17 

9-44 

Sulphate  of  1 

. 32 

Magnesia 

1 

....  20 

....  11  11 

ammonia  f 

Sulphuric  acid.... 

2 

....  80 

....  44-45 

Sulphate  of  1 

. 68 

Water 

7 

....  63 

....  35-00 

magnesia  J 

Crystallized 

1 

180 

100-00 

Bry  

. 100 

Sulphate  of  Potassa  and  Magnesia.  K0,Mg0,2S03,6II0,  forms 
rhomboidal  crystals,  scarcely  more  soluble  than  sulphate  of  potassa,  and 
of  a bitter  taste.  This  salt  appears  to  exist  in  sea-water.  (Marcet.) 
It  may  be  obtained  by  evaporating  a mixed  solution  of  1 atom  of  each 
of  the  sulphates,  in  hydrated  crystals  isomorphous  with  the  amraonio-sul- 
phate  of  magnesia.  According  to  Graham’s  view  of  the  constitution  of 
these  sulphates,  the  atom  of  constilueni  Avater  of  the  sulphate  of  mag- 
nesia is  in  this  salt  replaced  by  an  atom  of  sulphate  of  potassa ; its  com- 
ponents being 

Mitscherlicli. 


Potassa  1 ....  48  ....  23-78  ....  23-46 

Magnesia  1 ....  20  ....  O'OO  ....  9*94 

Sulplmric  acid  2 ....  80  ....  39  00  ....  39-76 

Water  6 ....  54  ....  26-74  ....  26-84 


1 202  100-00  100-00 

Sulphate  of  Soda  and  Magnesia.  NaO,]\fgO, 2803,6110,  forms 
truncated  rhombic  crystals,  soluble  in  about  5 parts  of  AAmter  at  60°;  it 
Avas  first  examined  by  Link,  and  aftevAvards  by  Murray.  {Edin.  F/iil. 
Trans. ^ A’iii.)  In  this  salt  an  atom  of  sulphate  of  soda  appears  to  replace 
the  consLUiient  atom  of  AAmter  in  the  sulphate  of  magnesia;  for  its  proxi- 
mate elements  are 


Sulphate  of  soda 1 

Sulphate  of  magnesia  ....  1 

Water 6 


Murray. 

72  ....  38-7  ....  39 

60  ....  32-3  ....  32 

54  ....  29  0 ....  29 


1 186  100-0  100 


PiiosPiiURET  OF  Magnesium  has  not  been  examined. 

Hypophosphite  of  Magnesia.  MgO,PO,8HO,  may  be  obtained  by 
boiling  oxalate  of  magnesia  for  a long  time  Avith  hypophosphite  of  lime, 
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filtering,  and  carefully  evaporating  the  liquid;  or  hy  the  action  of  liypo- 
phosphite  of  baryta  on  sulphate  of  magnesia.  It  crystallizes  in  efflores- 
cent octohedra,  containing  55  per  cent,  of  ■water  of  ciy stalls zation ; -when 
this  salt  is  heated  it  gives  off  water  and  phosjilmretted  hydrogen,  and 
phosphate  of  magnesia  remains.  (H.  Rose.)  Heated  to  212°,  it  loses 
5 equivalents  of  water.  (Wurtz.) 

Phosphite  op  Magnesia.  Mg0,P03,  is  obtained  hy  boiling  mag- 
nesia in  the  aqueous  phosphorous  acid,  and  evaporating  in  vacuo ; it 
forms  crystalline  films  containing  more  water  of  crystallization  than  the 
phosphites  of  baryta  or  lime:  when  decomposed  by  heat  it  yields  hydro- 
gen and  phosphuretted  hydrogen,  and  a yellowish -brown  phosphate  of 
magnesia  remains.  An  aminoiiio-pJiosphite  of  magjiesia  may  be  formed, 
which  is  crystallizable,  and  difficultly  soluble. 

Phosphates  of  jMagnrsia.  1.  Trihash  phosphates,  a.  Anhydrous 
tribasic  phosphate.  3MoO,cP05.  A solution  of  sulphate  of  magnesia 
is  precipitated  by  tribasic  phosphate  (subphosphate)  of  soda.  Dried  at 
100°  this  salt  retains  5 atoms  of  water:  at  a white  heat  it  fuses  into  a 
clear  glass  easily  soluble  in  acids  : in  this  state  it  consists  of 

Magnesia  ,3  ....  00  ....  45'45 

Phosphoric  acid 1 ....  72  ....  54’55 

Anhydrous  tribasic  phosphate  of  magnesia  1 132  100 ’00 

Dried  at  100°  it  is  3Mg0,cP05, -f  5HO  : its  constituents  being 


jNIagnesia  3 ....  60  ....  33’89 

Phosphoric  acid  1 ....  72  ....  40'67 

Water  5 ....  45  ....  25‘44 


Hydrated  tribasic  phosphate  of  magnesia  1 177  lOO'OO 


/3.  Tribasic  phosphate  of  magnesia  and  water.  2Mg0,H0,cP05 -f- 
14P10.  This  phosphate  is  formed  hy  mixing  a solution  of  2 parts  of 
common  crystallized  sulphate  of  magnesia  in  32  of  water,  with  a solution 
of  3 parts  of  common  crystallized  phosphate  of  soda  in  32  of  water: 
after  24  hours  acicular  crystals  are  deposited,  having  the  a1)ove  formula, 
or  according  to  Graham,  being  HO, 2MgO, POs -(- 2HO -f- 12110.  {Phil. 
Trails..^  1837.)  Tliey  effloresce  in  the  air,  and  sloAvly  dissolve  in  322 
parts  of  cold  water:  at  120°  this  solution  becomes  turbid,  and  at  212° 
milky,  from  the  separation  of  a part  of  the  salt  in  a bulky  uncrystalline 
state,  so  that  in  the  boiling  solution  498  parts  of  water  only  hold  1 part 
of  the  salt:  on  cooling,  a part  of  the  precipitated  salt  again  slowly  dis- 
solves. This  salt  is  much  more  soluble  in  very  dilute  acids,  and  is  not 
then  affected  by  boiling.  The  composition  of  this  salt  with  its  atom  of 
constituent  water  is 


^Magnesia  2 ....  40  ....  33’05 

Water  1 ....  9 ....  7'’^5 

Phosphoric  acid 1 ....  72  ....  59’50 


Tribasic  phosphate  of  magnesia  and  water 1 121  lOO'OO 


And  in  its  ordinaiw  state  of  hydrated  crvstals  it  consists  of 
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Magnesia  

2 .. 

..  40  ., 

..  16*19 

Basic  water  

1 .. 

9 ., 

3-64 

Pliosphoric  acid 

1 .. 

..  72  ., 

..  29-14 

Water  of  crystallization  

14  .. 

..  126  ., 

..  5103 

Crystallized  tribasic  phosphate  (common! 
phosphate)  of  magnesia  and  water  j 

1 

247 

100-00 

On  heating  magnesia  or  any  phosphate  of  magnesia  with  excess  of 
glacial  phosphoric  acid,  a dense  granular  insoluble  phosphate  may  be 
obtained  =r:2MgO  -f  3P05.  (Gregory.) 

2.  P yrophosphate  of  Magnesia.  Bibasic  Phosphate  of  Magnesia^ 
2Mg0,6P05,  is  formed  by  the  ignition  of  the  preceding  salt,  or  of  the 
tribasic  ammonio-magnesian  phosphate;  it  is  a transparent  glass,  com- 
posed of 

Magnesia  2 ....  40  ....  35'71 

Phosphoric  acid 1 ....  72  ....  64  29 

Pyrophosphate  of  magnesia  1 112  lOO'OO 

3.  Monobasic  Phosphate.  Metaphosphate  of  Magnesia.  Mg0,«P05. 
Metaphosphate  of  soda  added  to  acetate  of  magnesia  gives  a soft  viscid 
precipitate,  but  not  with  sulphate  of  magnesia.  (Graham.) 

Phosphate  of  Ammonia  and  Magnesia.  This  salt,  which  also  be- 
longs to  the  class  of  tribasic  phosphates.,  is  produced  when  an  ammoniacal 
salt,  or  pure  ammonia,  is  added,  to  a mixture  of  common  phosphate  of 
soda  Yvdth  any  magnesian  salt.  Thus  on  adding  ammonia  or  carbonate 
of  ammonia  to  a mixed  solution  of  phosphate  of  soda  and  sulphate  of 
magnesia,  the  ammonio-magnesian  phosphate  falls  in  the  form  of  a 
white  granular  or  crystalline  precipitate,  insoluble  in  the  liquid  fi*om 
which  it  is  thrown  down,  but  sparingly  soluble  in  pure  water,  so  that 
it  cannot  be  washed  upon  the  filter  without  sensible  loss.  It  is  readily 
soluble  in  the  greater  number  of  diluted  acids.  When  its  solution  in 
aqueous  carbonic  acid  is  exposed  to  the  air  it  slowdy  forms  a superficial 
crystalline  film  as  the  carbonic  acid  escapes  ; and  if  bicarbonate  of  ammo- 
nia be  used  in  its  formation  it  falls  slowly,  but  its  appearance  is  accele- 
rated by  drawing  lines  with  a glass  rod  upon  the  surface  of  the  glass  or 
basin  containing  the  mixed  solutions,  when  the  double  phosphate  pre- 
sently appears  upon  those  lines.  This  method  of  recognising  the  presence 
of  magnesia  was  first  suggested  by  Wollaston;  and  indeed,  the  formation 
of  this  double  salt  is  the  readiest  test  of  magnesia  which  we  possess.  The 
composition  of  this  salt  has  been  variously  stated,  especially  as  regards 
the  proportion  of  ammonia  and  of  water  which  it  retains  under  various 
modes  of  drying.  According  to  Graham,  when  dried  at  65°,  its  formula 
is  NH40,Mg0,P05  4-2H0-|- lOHO.  10  atoms  of  its  water  may  be 
expelled  without  any  loss  of  ammonia.  If  it  be  rapidly  dried  and  then 
raised  to  a red-heat,  it  appears  to  burn  like  tinder,  and  leaves  a residue  of 
pyyrophosphate  of  magnesia,  which  contains  nearly  36  pyer  cent,  of  mag- 
nesia. Its  composition  may  be  represented  as  follows,  when  dried  at  65°. 


Ammonia  1 ....  17  ....  6‘91 

Magnesia  2 ....  40  ....  16-26 

Phosphoric  acid 1 ....  72  ....  29-26 

Water  1.3  ....  117  ....  47-57 


Ammonio-magnesian  phosphate  .... 


1 


246 


100*00 
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Tlie  ammoiiio-magneslaii  phosphate  is  tleposited  from  human  urine, 
often  ill  the  form  of  Avhite  sand,  or  as  a superficial  crystalline  film,  espe- 
cially in  cases  where  the  natural  acidity  of  the  urine  is  diminished  hy 
diet,  medicine,  or  morbid  action,  constituting  what  has  been  termed  the 
phosphatic  diathesis : it  frecpiently  forms  urinary  calculi  both  in  the 
human  subject  and  in  quadrupeds,  and  it  commonly  occurs  in  intestinal 
concretions.  The  presence  of  phosphate  of  magnesia  in  the  husk  of 
grain,  in  the  potato,  and  other  plants,  is  important  to  the  agriculturist, 
and  shows  why  phosphoric  acid  and  magnesia  are  contained  in  fertile 
soils  : its  existence  in  urine  and  most  animal  manures  contributes  there- 
fore to  their  efficacy:  it  has  been  said  especially  to  promote  the  growth 
of  potatoes.  “ In  turf  ashes,  which  often  prove  a valuable  manure,  it  is 
met  with  in  appreciable  quantity,  and  their  beneficial  operation  has  been 
in  part  attributed  to  this  phosphate.”  (Johnston.)  It  may  be  detected 
in  considerable  quantity  in  good  malt  liquor. 

Carbonate  of  Magnesia.  Magnesia  alba.  This  term  is  generally 
applied  to  the  white  precipitate  obtained  by  adding  carbonate  of  soda  or 
2)otassa  to  a solution  of  sulphate  of  magnesia,  and  carefully  edulcorating 
and  drying  the  precipitate ; it  is  usually  obtained  from  boiling  solutions, 
and  great  attention  should  be  paid  to  the  purity  of  the  water  employed 
in  washing  the  precipitate,  and  to  the  method  of  drying  it.  It  has  been 
repeatedly  analyzed,  and  the  following  are  some  of  the  results:  — 

Dalton 

and  Biicholz. 

Kirwan.  Bergman.  Henry.  Klaproth,  hotppt.  cold  ppt.  Berzelius. 


Magnesia 45  ....  45  43  ....  40  ....  42  ....  33  ....  41*60  to  43*2 

Carbonic  acid  ....  34  ....  25  ....  40  ....  33  ....  35  ....  32  ....  36*58  to  36*4 

■Water 21  ....  30  ....  17  ....  27  ....  23  ....  35  ....  21*82  to  20*4 


100  100  100  100  100  100  100*00  100*0 

Different  views  have  been  entertained  of  the  atomic  constitution  of 
this  compound  : it  probably  varies  with  the  mode  of  precipitation,  and  the 
temperature  of  the  solutions,  and  certainly  with  the  mode  of  drying;  it 
most  usually  approaches  to  5 atoms  of  magnesia,  4 of  carbonic  acid,  and 
6 of  water  : 

Magnesia 5 ....  100  ....  41*32 

Carbonic  acid  4 ....  88  ....  36*36 

W^ater  6 ....  54  ....  22*32 

Magnesia  alba 1 242  100*00 

This  composition  may  be  represented  by  the  formula  4[Mg0,C02, 
HO]  + ]\IgO,2IIOz=4  atoms  of  monohydrated  carbonate  in  combination 
with  1 atom  of  binhydrate  of  magnesia. 

Two  kinds  of  carbonate  of  magnesia  are  kept  in  the  shops,  the  lig/il 
and  the  heavy : they  are  prepared  as  follows.  (Pereira,  Elemenis  of  Mat 
Med.^  363.)  “For  heavy  magnesia,  add  1 volume  of  a cold  saturated 
solution  of  carbonate  of  soda  to  a boilino*  mixture  of  I volume  of  a satu- 

O 

rated  solution  of  sulphate  of  magnesia  and  3 volumes  of  water:  boil 
until  effervescence  has  ceased,  constantly  stirring  with  a sjiatula.  Then 
dilute  with  boiling  water,  set  aside,  pour  off*  the  supernatant  liquor,  and 
wash  the  prccii)itate  ^vitli  hot  water  on  a linen  cloth ; afterwards  dry  it 
VoL,  11.  2 Z 
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ty  lieat  in  an  iron  pot.  Light  magnesia  is  prepared  by  employing  dilute 
solutions  of  tlie  sulphate  of  magnesia  and  carbonate  of  soda.  If  no  heat 
be  used  it  is  apt  to  be  gritty.  A heavy  and  gritty  magnesia  is  prepared 
by  separately  dissolving  12  parts  of  sulphate  of  magnesia  and  13  parts  of 
crystallized  carbonate  of  soda  in  as  small  a quantity  of  water  as  possible, 
mixing  the  hot  solutions,  and  washing  the  precipitate.”  According  to 
Fownes,  the  heavy  and  light  varieties  do  not  differ  in  composition. 
(JPharrn,  Jour.^  III.  480.) 

Durand  gives  the  following  as  the  mode  of  preparing  the  light  cubes 
of  magnesia  often  met  with  in  commerce:  A solution  of  100  parts  of 
sulphate  of  magnesia  in  JOO  of  water  is  put  into  a vat  heated  by  steam, 
and  a solution  of  125  parts  of  crystallized  carbonate  of  soda  is  quickly 
stirred  into  it,  and  the  temperature  raised  to  176°  to  expel  carbonic  acid, 
which  holds  some  of  the  magnesia  in  solution;  the  liquor  is  then  de- 
canted off  the  precipitate,  and  this  is  washed  three  times,  by  subsidence 
and  decantation,  with  luke-warm  water  free  from  salts  of  lime:  it  is  then 
transferred  to  linen  strainers,  where  it  is  allowed  to  drip  24  to  48  hours, 
and  is  transferred  in  a wet  state  to  cubical  boxes  without  bottoms,  placed 
upon  a table  of  plaster  or  porous  stone,  so  as  quickly  to  absorb  the 
water;  after  a time,  the  boxes  are  turned  upside  down,  so  as  to  present 
the  upper  side  of  the  magnesia  to  the  absorptive  surface,  and  the  drying 
is  ultimately  completed  in  warm  rooms.  {^Ann,  Ch.  et  Ph.^  Liv.,  312.) 

There  are  other  processes  than  those  above  mentioned  by  which  the 
carbonate  of  magnesia  of  commerce  is  procured,  such  as  by  decomposing 
the  bittern  of  the  sea-salt  works,  by  magnesian  limestone,  or  by  crude 
carbonate  of  ammonia,  produced  by  the  distillation  of  bone;  in  the  latter 
case  sulphate  and  hydrochlorate  of  ammonia  and  carbonate  of  magnesia 
result;  the  solution  of  the  ammoniacal  salts  is  evaporated  to  dryness  and 
sublimed  with  chalk;  carbonate  of  ammonia  is  thus  reproduced  for  the 
decomposition  of  a second  portion  of  bittern,  and  so  on.  A mode  of 
separating  magnesia  from  the  magnesian  limestone  of  Durham  has  been 
adopted  by  Mr.  Pattinson  of  Gateshead,  which  consists  in  calcining  it  at 
a dull  red  heat,  by  which  the  magnesian  carbonate  only  is  decomposed ; 
the  calcined  stone  is  then  diffused  through  water,  and  subjected  to  the 
action  of  carbonic  acid  under  pressure,  by  which  the  magnesia  only  is 
dissolved,  and  is  afterwards  obtained  by  rapidly  boiling  down  the  solution. 
(^Pharm.  Journ.^  III.  424.) 

When  a current  of  carbonic  acid  is  passed  through  a mixture  of  water 
and  carbonate  of  magnesia,  a clear  solution  is  obtained  which  has  a hitter 
taste,  and  which,  when  surcharged  with  carbonic  acid,  affords  a useful 
medicinal  preparation.  But  a solid  or  crystallized  bicarbonate  of  mag- 
nesia cannot  be  obtained,  and  the  crystals  which  are  deposited  when  this 
solution  is  left  to  spontaneous  evaporation,  and  which  are  oblique 
rhombic  prisms  (Brooke,  Ann.  Phil.^  2nd  Series,  vi.  375),  are  hydrated 
carbonate  of  magnesia,  composed  of 


Berzelius.  Henry. 

Magnesia  1 20  ....  29  ....  29-G  ....  30 

Carbonic  acid 1 ....  22  ....  32  ....  31'5  ....  30 

Water  3 ....  27  ....  39  ....  38*9  ....  40 


Crystallized  hydrated  carbonate  of  magnesia  1 60  100  100  0 100 

When  these  crystals  of  hydrated  carbonate  arc  put  into  cold  water 
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they  are  decomposed,  carbonate  of  magnesia  is  dissolved,  and  a subcar- 
bonate is  deposited.  Boiling  water  produces  the  same  precipitate,  but 
carbonic  acid  is  evolved,  and  notbing  remains  in  solution  ; in  this  case 
the  precipitate  is  magnesia  alba.  (Berzelius.)  Exposed  to  a dry  air 
tliey  effloresce,  and  lose  2 equivalents  of  water.  (Graham.) 

Berzelius  and  Fritzsclie  have  described  other  hydrated  carbonates  of 
magnesia,  their  composition  apparently  depending  upon  the  relative  pro- 
portions of  the  precipitants,  and  the  temperature  of  desiccation — namely, 
(3MgO, 2002,3110,)  (4Mg0,3C02,4II0,)  (5]\rg0,4C02,5H0,)  which 
is  magnesia  alba  less  an  atom  of  water,  (Mg0,C02,3H0,)  and  (MgO, 
C02,5H0.)  (GxMELIN.  Handbiich.') 

ISative  Carbonate  of  JSlagnesia  has  been  found  in  Piedmont  and 
Moravia,  constituting  the  mineral  called  magnesite.  It  has  also  been 
found  at  Hoboken,  in  North  America,  in  veins  in  a serpentine  rock, 
accompanying  the  native  hydrate.  It  is  generally  white  and  friable,  and 
in  some  places  in  fine  acicular  crystals.  A variety  of  native  carbonate  of 
7nagnesia  brought  from  the  East  Indies  by  Mr.  Babington,  has  been 
described  and  analyzed  by  Dr.  Henry.  (Ann.  of  Phil..,  i.  254.)  It  is 
white,  massive,  hard,  of  a conchoidal  fracture,  and  tianslucent  at  the 
edges;  specific  gravity,  2*6.  It  slowly  dissolves  in  acids,  and  is  composed 
of  1 atom  of  magnesia  -}- 1 atom  carbonic  acid. 

Carbonate  of  Ammonia  and  Magnesia.  When  3 parts  of  sesquicar- 
bonate  of  ammonia  and  1 of  sulphate  of  magnesia  are  dissolved  in  water, 
transparent  rhombohedral  crystals  are  after  a time  deposited,  constituting 
this  double  salt.  They  are  soluble  without  decomposition  in  boiling 
M'ater,  but  continued  boiling  renders  the  solution  turbid.  At  a red-heat 
their  carbonic  acid,  ammonia,  and  water  are  volatilized,  and  magnesia 
amounting  to  15*6  per  cent,  remains.  (Guibourt.)  When  a saturated 
solution  of  magnesia  in  carbonic  acid  is  mixed  with  a solution  of  carbo- 
nate of  ammonia,  an  abundant  crystalline  precipitate  of  the  ammonio- 
magnesian  carbonate  ensues  — (MgO, C02;  NH40,C02;  4H0.)  This  salt 
is  not  soluble  without  decomposition.  (Favre.  A?in.  Ch.  et  Ph..,  Apr., 
1844.) 

Carbonate  of  Potassa  and  Magnesia.  When  excess  of  bicarbo- 
nate of  potassa  is  mixed  with  chloride  of  magnesium  no  precipitation 
ensues,  but  in  a few'  days  crystals  are  formed,  of  an  alkaline  taste,  which 
are  decomposed  by  hot  water.  They  may  be  regarded  as  a hydrated  com- 
pound of  1 atom  of  bicarbonate  of  potassa  -fi  2 atoms  of  caiFonate  of 
magnesia,  for  they  consist  of 


Berzelius. 

Potassa  1 ....  48  ....  18'7  ....  18’28 

jMagiiesia  2 40  ....  15T>  ....  15'.09 

Carbonic  acid 4 ....  88  ....  84'2  ....  84‘49 

Water 9 ....  81  ....  3P5  ....  aP24 


1 257  100  0 100-00 

According  to  Graham,  this  salt  loses  8 equivalents  of  water  at  212^, 
retaining  a single  basic  equivalent. 

Carbonate  of  Soda  and  IMagnesia  is  formed  as  the  triple  potassa 
salt,  by  bicarbonate  of  soda;  but  it  is  not  so  easily  decomposed;  and, 
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accordingly,  when  magnesia  is  precipitated  by  excess  of  carbonate  of 
soda,  a portion  of  the  triple  soda-salt  is  retained,  and  not  easily  washed 
away. 

Carbonate  of  Lime  and  Magnesia  is  the  mineral  known  under  the 
name  of  hilter  spar;  it  has  the  primitive  form  of  carbonate  of  lime,  and 
consists  of  1 atom  of  each  of  its  component  carbonates.  Dolomite^  or 
magnesian  carbonate  of  lime,  is  similarly  constituted,  being  Mg0,C02  -{- 
Ca0,C02.  Some  varieties  of  bitter  spar  and  dolomite  are  alsor=: 
3[Ca0,C02]  + 2[Mg0,C02],  and  2[Ca0,C02]  + [Mg0,C02.]  The 
formula  of  conite  is  Ca0,C02 + 3[Mg0,C02.]  (Gmelin.  Handbiich.) 

Cyanide  op  Magnesium.  MgCy,  is  formed  when  hydrated  magnesia 
is  dissolved  in  hydrocyanic  acid ; it  is  unknown  in  the  solid  form,  being 
decomposed  by  heat  and  by  carbonic  acid  during  the  evaporation  of  its 
solution. 

SuLPHocYANiDE  OP  Magnesium.  MgCsy,  is  a very  soluble,  deli- 
quescent, difficultly  crystallized  salt,  formed  by  dissolving  carbonate  of 
magnesia  in  aqueous  bydrosulpbocyanic  acid:  the  crystals  include  4 atoms 
of  water,  and  are  soluble  in  alcohol. 

Mellonide  op  Magnesium  is  gradually  deposited  in  fine  acicular 
crystals  from  a mixed  solution  of  sulphate  of  magnesia  and  mellonide  of 
potassium.  (Liebig.) 

Borates  of  Magnesia.  Several  of  these  salts  have  been  described. 

1.  Tribasic  Borate.  3Mg0,B03.  Sulphate  of  magnesia  precipitated 
by  a solution  of  borax  at  a boiling  beat,  gives  this  compound  : it  should 
be  well  washed  with  cold  water,  in  which  it  is  very  little  soluble,  and 
dried  in  vacuo  over  oil  of  vitriol ; it  is  partially  decomposed  by  long  boiling 
in  water.  When  heated  to  redness,  it  loses  between  46  and  47  per  cent. 
of  water,  its  formula,  as  hydrate,  being  3Mg0,B03,9H0.  (Ram.mels- 

BERG.) 

2.  Nentral  Borate.  Mg0,B03.  A mixed  solution  of  borax  and 
sulphate  of  magnesia  (heated  till  it  became  turbid,  and  then  suffered  to 
clear  again  on  cooling,)  was  kept  at  a low  temperature  for  some  months, 
(often  below  32°);  it  yielded  groups  of  acicular  crystals  containing  16*7 
of  magnesia,  25  boracic  acid,  and  58*3  of  water,  per  cent.  (IYoiiler.) 

3.  Boracite.  3Mg0,4B03,  or  2[Mg0,B03]  + [Mg0,2B03.]  This 
is  a scarce  mineral  from  Liineburgh.  Its  primitive  form  is  the  cube,  but 
the  edges  and  angles  are  generally  replaced  by  secondary  planes,  and  four 
of  the  angles  are  always  observed  to  present  a greater  number  of  facets 
than  the  other  four : these  crystals  become  electric  by  heat,  the  most 
complex  angles  being  rendered  positive,  and  the  simplest  negative.  It 
sometimes  contains  lime.  Its  sp.  gr.  is  2 95  : it  is  difficultly  fusible 
before  the  blow-pipe,  insoluble  in  water,  and  slowly  soluble  in  acids.  It 


consists  of 

Arfwedson.  Rammelsbcrg.  Stromeyei-. 

Magnesia  3 ....  GO  ....  30  ....  30-3  ....  3075  ....  33 

Boracic  acid  4 ....  140  ....  70  ....  GO  7 ....  60  25  ....  G7 

Boracite 1 290  100  100  0 lOO’OO  100 


4.  lerborate.  Mg0,3B03,8H0.  Obtained  by  boiling  together  in 
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'water  excess  of  hydrate  of  magnesia  'with  horacic  acid,  filtering  and  eva- 
porating for  crystallization  : it  forms  granular  crystals  and  crusts,  soluble 
in  75°  of  cold  'water.  (Rammelsberg.) 

5.  Supcrhorate.  ]\rg0,6B03, 18110,  is  occasionally  formed  by  boiling 
carbonate  of  magnesia  nith  boracic  acid  along  with  the  preceding  salt: 
it  is  a granular  powder.  (Rammelsberg,  Poggend.,  xlIx.,  445.) 

Fluoborate  of  Magnesia.  MgF,BF3,  yields  large  prismatic  crystals, 
very  soluble  in  water.  (Berzelius.  LeJirbuch.) 

The  Salts  of  Magnesia,  are  mostly  soluble  in  water  and  bitter : they 
are  all  soluble  in  hjalrochloric  acid;  their  aqueous  solutions  are  precipi- 
tated by  potassa  and  soda,  the  precipitate  being  soluble  in  hydrochloric, 
nitric,  and  sulphuric  acids,  and  in  hydrochlorate,  nitrate,  and  sulphate  of 
ammonia.  Ammonia  only  throws  down  part  of  the  magnesia,  and  forms 
a double  salt,  and  carbonates  of  potassa  and  soda  only  throw  down  a 
part  of  the  magnesia,  except  the  solution  be  heated,  Avhen  nearly  the 
whole  is  precipitated.  Sal-ammoniac  redissolves  the  precipitate,  and 
when  previously  added  to  the  magnesian  solution,  no  precipitate 
ensues  on  adding  the  alkaline  carbonates,  unless  the  liquor  be  heated. 
The  bicarbonates  of  ammonia,  potassa,  and  soda  give  no  precipitate  in 
magnesian  solutions,  except  the  liquor  be  boiled.  Common  phosphate 
of  soda  only  precipitates  concentrated  magnesia  solutions,  but  if  ammonia 
or  carbonate  of  ammonia  be  added,  the  magnesia  is  precipitated  in  the 
form  of  ammonio-magnesian  phosphate.  IMoistened  with  nitrate  of 
cobalt,  and  heated  before  the  blow-pipe,  the  magnesian  salts  give  pale 
rose-colored  compounds : the  tint  is  only  distinct  on  cooling,  and  never 
very  intense. 

In  quantitative  analysis  magnesia  is  almost  always  precipitated  by  a 
solution  of  phosjdiate  of  soda,  to  which  ammonia  or  its  carbonate  have 
been  previously  added ; it  is  collected  and  Avashed  with  the  precautions 
above  mentioned,  and  ignited  so  as  to  be  Aveighed  in  the  state  of  pyro- 
phosphate. Every  100  parts  of  ammonio-magnesian  phosphate,  dried  at 
60°,  indicate  16'26  of  magnesia:  every  100  parts  of  its  residue,  after 
ignition,  indicate  35’7  parts  of  magnesia. 

The  separation  of  magnesia  and  lime  is  a problem  of  some  importance 
in  analytical  chemistry,  as  they  often  exist  together  in  the  same  mineral, 
more  especially  in  the  varieties  of  magnesian  limestone.  1.  Phillips 
(Quart.  Journ.^  vi.  317)  proposes  the  folloAving  process: — “To  the  h}'- 
drochloric  or  nitric  solution  of  lime  and  magnesia,  add  sulphate  of  am- 
monia in  sufficient  quantity;  evaporate  the  mixture  gradually  to  dryness, 
and  then  heat  the  residue  to  redness  till  it  ceases  to  lose  Aveight,  by  the 
volatilization  of  the  hydrochlorate  or  nitrate  of  ammonia  formed:  note 
the  Aveight  of  the  mixed  salt,  reduce  it  to  poAvder,  and  AA'ash  it  AA'ith  a 
saturated  solution  of  sulphate  of  lime  till  all  the  sulphate  of  magnesia 
appears  to  be  dissolved;  dry  the  sulphate  of  lime  left,  and  by  deducting 
its  Aveight  from  that  of  the  mixed  sulphates,  the  quantity  of  magnesia 
dissolved  Avill  appear.”  2.  Dissolve  the  tAvo  earths  in  hydrochloric  acid 
in  excess,  and  saturate  the  acid  liquor  by  ammonia : then  add  oxalate  of 
ammonia,  and  collect  the  precipitated  oxalate  of  lime  on  a filter ; the 
magnesia  Avhich  is  retained  in  the  filtered  liquor  may  be  throAvn  doAvn  by 
phosphate  of  soda  in  the  form  of  ammonio-magnesian  phosphate,  or  the 
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solution  may  be  evaporated  to  dryness,  and  the  residue  heated  red-hot, 
so  as  to  leave  magnesia.  3.  Evaporate  the  hydrochloric  solution  of  the 
two  earths  to  dryness,  and  expel  the  excess  of  acid  from  the  residue,  hy 
heating  in  a platinum  crucible  : powdered  chlorate  of  potassa  is  then 
added  so  long  as  the  evolution  of  chlorine  is  perceived.  On  treating  the 
residue  with  water,  chloride  of  calcium  and  chloride  of  potassium  are 
dissolved,  and  pure  magnesia  remains,  which  is  separated  upon  a filter, 
washed,  ignited,  and  weighed;  the  lime  in  the  filtrate  may  he  precipi- 
tated hy  oxalate  of  ammonia.  (Dobereiner.) 

Seiiaration  of  Magnesia  J'rovi  the  Fixed  Alkalis.  Add  suhphosphate 
of  ammonia  to  the  solution  to  throw  down  the  magnesia  as  ammonio- 
phosphate,  and  filter;  add  acetate  of  lead  to  the  filtrate  as  long  as  it 
occasions  any  precipitate  ; filter  again,  and  supersaturate  the  clear  liquor 
with  sulphuretted  hydrogen ; separate  the  sulphuret  of  lead,  and  evapo- 
rate the  solution  to  dryness.  The  residue,  consisting  of  acetates,  may  he 
converted  by  hydrochloric  acid  into  chlorides  of  potassium  and  sodium, 
which  may  be  dissolved  in  water,  and  chloride  of  platinum  will  then 
throw  down  the  potassium,  which  may  he  estimated  from  the  weight  of 
the  potassio-chloride. 

Magnesian  Minerals  are  often  soft  and  apparently  unctuous  to 
the  touch;  they  have  seldom  either  lustre  or  transparency,  and  are  ge- 
nerally more  or  less  of  a green  color.  Steatite  or  soapstone^  talc^  and 
asbestos.,  may  he  taken  as  instances.  The  chrysolite.,  however,  contains 
more  than  half  its  weight  of  magnesia.  The  mineral  called  hitter  spar^ 
of  which  the  finest  specimens  come  from  the  Tyrol,  contains  45  per  cent. 
carbonate  of  magnesia,  52  carbonate  of  lime,  and  a little  iron  and  man- 
ganese. Its  primitive  crystal  is  a rhomboid  nearly  allied  to  that  of  car- 
bonate of  lime;  its  angles  being  106°  20^,  and  73°  80'.  It  is  generally  of 
a yellowish  color,  and  a pearly  lustre ; semi-transparent  and  brittle.  A 
variety  found  at  Miemo  in  Tuscany,  has  been  called  Miemite.  The  spe- 
cies of  marble,  termed  Dolomite.,  found  in  the  Alps,  at  Icolmkill  in  Scot- 
land, and  elsewhere,  contains  also  a large  quantity,  generally  40  per  cent. 
of  carbonate  of  magnesia.  The  same  may  be  said  of  the  magnesian 
limestone  of  Derby  and  Nottingham:  it  is  generally  of  a yellowish  color, 
and  less  rapidly  soluble  in  dilute  hydrochloric  acid  than  the  purer  lime- 
stone, whence  the  French  have  termed  it  chaux  carhonatee  lente.  The 
lime  which  it  affords  is  much  esteemed  for  cements,  but  for  agricultural 
purposes  it  is  often  mischievous,  in  consequence,  probably,  of  its  remain- 
ing caustic  for  a very  long  time,  and  injuring  the  young  plant. 

§ YIII.  MANGANESE.  Mn.  28. 

The  common  ore  of  manganese  is  the  black,  or  peroxide.,  which  is 
found  in  considerable  abundance,  and  is,  as  a source  of  oxygen,  of  im- 
portant use  in  the  arts;  traces  of  manganese  also  occur  in  a few  animal 
products,  and  in  the  ashes  of  some  vegetables,  and  it  has  been  found  in 
some  spring  waters.  Attention  was  first  directed  to  the  black  oxide  of 
manganese  by  Scheele,  in  1774,  and  shortly  afterwards  Gahn  found  that 
it  contained  a peculiar  metal,  which  he  called  Magnesium.,  but  which  was 
afterwards  termed  Manganese. 

In  some  respects  manganese  resembles  the  metals  already  described; 
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in  others,  it  is  eminently  different.  Like  them,  it  has  a powerful  affinity 
for  oxygen,  speedily  attracting  it  from  air  and  water;  and  its  oxides  are 
difficult  of  decomposition : they  have,  however,  nothing  in  common  with 
alkaline  bodies;  and  manganese,  in  its  highest  states  of  oxidizement, 
forms  acids. 

To  obtain  metallic  manganese,  carhonate  of  manganese  mixed  into  a 
paste  with  oil,  is  subjected  to  heat  gradually  raised  to  redness,  in  a close 
vessel.  The  carbonaceous  mixture  thus  obtained  is  then  rammed  into  a 
good  crucible  filled  up  with  charcoal-powder,  and  subjected  for  two  hours 
to  a white  heat  in  a wind-furnace  : a metallic  button  is  thus  obtained, 
which  is  manganese,  containing  a little  carbon  and  silicium,  from  which 
it  may  be  freed,  according  to  Dr.  John,  by  fusion  with  borax  in  a crucible 
coated  with  charcoal ; it  is  doubtful,  however,  whether  in  this  case  it 
does  not  retain  boron  or  sodium. 

When  tartrate  of  manganese  and  potassa  is  intensely  heated  in  a 
wind-furnace,  it  furnishes  globules  of  metallic  manganese ; and  as  this 
salt  is  easily  obtained  in  a state  of  purity,  its  decomposition  is  perhaps 
the  simplest  process  for  obtaining  the  metal,  care  being  taken  to  exclude 
foreign  substances  derivable  from  the  fuel  or  crucible  ; but  here  again 
the  presence  of  carbon  and  of  potassium  may  be  detected  in  the  reduced 
metal,  so  that  it  is  difficult  to  say  whether  manganese  has  ever  been 
obtained  in  absolute  purity. 

Manganese  appears  as  a grey  metal ; it  has  a granular  and  sometimes 
a slightly  crystalline  fracture:  its  specific  gravity  is  8'013  according  to 
John,  7*05  according  to  Berthier,  and  6*8  according  to  Bergman.  The 
specific  heat  of  a specimen  of  manganese,  not  however  pure,  but  contain- 
ing carbon,  was,  as  determined  by  Regnault,  r=r01441E  When  pure,  it 
does  not  affect  the  magnetic-needle,  but  often  does  so  from. containing  a 
trace  of  iron.  (Berthier  has  stated  that  it  is  magnetic  at  very  low  tem- 
peratures, but  Faraday  could  not  observe  this.)  It  is  softer  than  iron, 
and  admits  of  filing,  yet  brittle  enough  to  be  reduced  into  powder.  It 
is  best  preserved  in  naphtha,  for  in  the  air  it  tarnishes  and  crumbles  into 
grey  powder  ; it  undergoes  the  same  change  in  water,  with  the  evolution 
of  hydrogen.  It  may  also  be  convenient!}^  kept  in  a glass  tube  hermeti- 
cally sealed.  When  handled  with  moist  fingers,  it  exhales  a disagreeable 
odor,  and  when  acted  on  by  acids,  the  purest  specimens  hitherto  obtained 
always  afford  traces  of  carbon;  there  are  therefore  considerable  discre- 
pancies in  the  accounts  of  the  properties  ascribed  to  this  metal.  (See 
Carburet  of  Manganese.) 

The  equivalent  of  manofanese  may  be  assumed  as  = 28,  (28  Gmelin. 
27*7  Turner.) 

Manganese  and  Oxygen.  There  are  five  compounds  of  manganese 
and  oxygen,  three  of  which  are  oxides,  and  two  acids;  together  with  two 
intermediate  oxides,  namely,  the  red  oxide,  and  the  mineral  called  Var-* 
vicite.  The  formulse  of  these  oxides  are  as  follows: 


Protoxide INfnO 

Sesquioxide  (Deiitoxide) M112O3 

Binoxide  (Peroxide)  Mn02 

Red  oxide  (Hausmannite) MnsOt 

Varvicite Mn407 

Manganic  acid Mn03 

Permanganic  acid  Mn207 
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Protoxide  of  Manganese.  Manganous  Oxide,  MnO,  is  oLtained: 
1.  Py  passing  a current  of  dry  hydrogen  over  the  pure  deutoxide  or 
peroxide  of  manganese,  contained  in  a porcelain  or  iron  tube,  exposed 
to  a heat  gradually  raised  to  bright  redness:  water  is  formed,  and  a 
dingy-green  powder  remains,  which  is  the  protoxide.  It  should  he 
allowed  to  cool  before  removal  from  the  tube,  otherwise  it  is  apt  to  absorb 
oxygen.  The  oxide  obtained  by  igniting  the  protonitrate  of  manganese  is 
recommended  by  Turner  as  best  suited  to  this  reduction,  the  native  oxide, 
and  especially  the  peroxide,  being  reduced  with  great  difficulty.  The 
reduction,  he  says,  commences  at  a low  red-heat,  but  a full  red-heat  is 
required  for  its  completion.  2.  By  mixing  the  peroxide  with  half  its 
weight  of  hydrochlorate  of  ammonia,  and  projecting  the  mixture  in  suc- 
cessive portions  into  a red-hot  crucible;  the  product  is  lixiviated,  and  the 
solution  of  chloride  of  manganese,  thus  obtained,  is  decomposed  by  car- 
bonate of  potassa;  the  precipitated  protocarhonate  of  manganese  is  then 
washed,  dried,  and  exposed,  out  of  the  contact  of  air,  to  an  intense  heat: 
or  it  may  he  heated  in  a tube,  through  which  a current  of  dry  hydrogen 
is  passed.  In  this  process,  so  long  as  there  is  excess  of  the  oxide,  the 
manganese  only  is  converted  into  chloride  by  the  hydrochlorate  of  ammo- 
nia, and  other  metals  that  may  he  present  are  not  rendered  soluble. 
3.  By  heating  chloride  of  manganese  to  redness,  with  twice  its  weight 
of  carbonate  of  soda;  the  resulting  chloride  of  sodium  is  removed  by 
washing  from  the  residuary  protoxide  of  manganese.  The  addition  of  a 
small  quantity  of  h3xlrochlorate  of  ammonia  in  this  process  is  useful  to 
prevent  the  formation  of  any  peroxide. 

Protoxide  of  manganese  is  of  a gre3^-green  color,  and  when  obtained 
by  the  action  of  h3ffirogen,  and  exposed  to  air  before  it  is  cooled,  it 
acquires  ox3^gen  and  is  sometimes  pyrophoric;  obtained  by  the  other  pro- 
cesses it  is  not  altered  by  mere  exposure  at  common  temperatures. 
Heated  in  the  air  it  is  converted  into  deutoxide;  and  at  a temperature  of 
about  600°  burns  sometimes  like  tinder.  It  is  soluble  in  the  dilute  acids, 
and  is  the  basis  of  the  ordinary  manganesian  salts,  \a  hich  are  isomorj)hous 
with  the  salts  of  mangnesla.  When  put  into  concentrated  sulphuric  acid, 
it  evolves  intense  heat.  Its  .solutions  and  salts  are  nearly  colorless  when 
pure,  hut  often  acquire  a slightly  pink  hue,  which  has  been  ascribed  to 
the  presence  of  a minute  quantity  of  manganic  acid,  "‘but  as  the  color  is 
not  destroyed  by  sulphuretted  hydrogen,  it  must  be  considered  as  a pecu- 
liar, although  only  occasional,  character  of  manganese  salts.”  (Graham.) 
When  ammonia  is  added  to  solutions  of  this  oxide,  the  whole  is  not  pre- 
cipitated, but  a double  salt  is  formed,  as  with  magnesia:  thus  2[Mii0,S03] 
+ NII3  = [Mn0,NIl3,2S03]  +MnO.  If  manganesic  solutions  contain 
silica,  (as  is  often  the  case,  and  especially  in  the  analysis  of  ores  and  mine- 
rals containing  manganese,)  the  silica  falls  in  combination  with  the  oxide  of 
manganese,  when  they  are  precipitated  by  an  alkali;  it  may  be  separated 
by  dissolving  or  digesting  the  moist  precipitate  in  hydrochloric  acid,  eva- 
poration to  dryness,  and  washing.  (Berzelius.)  This  oxide  consists  of 


Berzelius  and 

Forchammer.  Arfwedson.  Davy. 

INtanganese  1 ....28  ....  77'77  ....  78  5 ....  78  07  ....  70 

Oxygen  1 ....  8 ....  22*23  ....  23*5  ....  21-93  ....  21 


Protoxide  of  manganese....  1 30  100  00 


100*0 


100-00 


100 
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Hydrated  Protoxide  of  IManganese.  When  the  solution  of  chlo- 
ride of  manganese  is  decomposed  hy  a solution  of  potassa,  a bulky  white 
precipitate  falls,  'which  is  hydrated  protoxide  of  manganese,  containing, 
according  to  Davy,  24  per  cent,  of  water;  it  speedily  becomes  brown  by 
exposure  to  air,  absorbing  oxygen  and  a little  carbonic  acid;  and,  aaIicii 
collected  and  AAashed  upon  a filter,  it  gradually  becomes  a liydratc  of  the 
sesrpiioxide.  A similar  change  is  immediately  produced  by  solution  of 
chlorine  or  chloride  of  lime,  by  Avhich  a hydrate  of  the  sescjuioxide,  or 
perhaps  of  the  binoxide,  is  formed.  The  recently  precipitated  and  moist 
hydrate  of  the  protoxide  is  soluble  in  ammonia,  but  not  in  potassa  or 
soda. 

Sesquioxide  of  Manganese.  Manganic  Oxide.  Deutoxide  of  Man- 
ganese. Mn203.  AYhen  protoxide,  or  carbonate  of  manganese,  is  exposed 
for  some  time  to  a red-heat  in  an  open  vessel,  it  .absorbs  ox^^gen,  and  is 
converted  into  a deep-broAAm  poAvder.  An  oxide  similarly  constituted  is 
also  obtained  by  heating  the  pure  peroxide  of  manganese  in  a platinum 
crucible  till  it  ceases  to  give  out  oxygen  at  dull  redness.  By  exposing 
protonitrate  of  manganese  to  a red-heat,  the  sesquioxide  remains  as  a 
black  poAvder;  and  this  is  perhaps  the  most  certain  Av.ay  of  obtaining  it. 
The  characters  of  this  oxide,  in  respect  to  solvents,  differ  Avith  its  state  of 
aggregation;  such  of  its  acid  solutions  Avhich  are  at  first  red,  become 
colorless  Avhen  heated,  or  Avhen  exposed  to  air  and  light,  and  deposit 
peroxide,  Avhile  a portion  of  protoxide  remains  in  solution.  They  are 
rendered  colorless  by  sulphuretted  hydrogen,  by  sulphurous  acid,  and 
some  other  deoxidizers.  Heated  AA’ith  hydrochloric  acid,  chlorine  is 
evolved,  and  Avith  sulphuric  acid,  oxygen;  and  a protochloride  and  pro- 
tosulphate of  manganese  result.  Digested  Avith  nitric  acid,  a protonitrate 
and  peroxide  of  manganese  are  formed.  “ From  the  proportion  of  oxygen 
and  manganese  in  this  oxide,  it  has  sometimes  been  regarded  as  a com- 
pound of  1 equivalent  of  peroxide  and  1 of  protoxide:  in  that  case,  it 
Avould  be  constituted  like  a salt,  and  should  have  the  properties  of  that 
class  of  compounds;  but  Alitscherlich  has  succeeded  in  coml)ining  it  AA’ith 
sulphuric  acid,  and  has  obtained  Avith  it  an  alum  similar  in  form  and  con  - 
stitution to  those  of  peroxide  of  iron  and  alumina;  it  must  therefore  be 
considered  as  a direct  compound  of  2 equiA’alents  of  manganese  and  3 of 
oxygen.”  (Turner.)  xVs  a base,  therefore  it  is  isomorplious  Avith  ses- 
quioxide of  iron  (Fe203),  and  of  chromium  (Cr203),  and  Avith  alumina 
(AI2O3).  It  gives  a violet,  or,  in  small  quantity,  a pink  tinge,  to  glass, 
and  appears  to  be  the  coloring  principle  of  amethyst.  It  constitutes  the 
mineral  called  hraunite.^  Avhich  occurs  in  octohedral  crystals,  sji.  gr.  4’82. 
The  composition  of  this  oxide  is 

Arfwedson  and 
Forcliammer.  Berzelius. 

INfanganese  2 ....  5G  ....  70  ....  70’4  ....  72‘74 

Oxygen  3 ....  24  «...  30  ....  29'G  ....  27’2G 

Sesrpiioxide  of  manganese  1 80  100  lOO’O  lOO’OO 

Hydrated  Sesquioxide  of  Manganese,  Mn203-fH0,  is  obtained 
by  exposing  the  hydrated  and  moist  protoxide  to  the  action  of  air,  or  by 
passing  chlorine  through  Avater  holding  protocarbonate  of  manganese  in 
suspension,  and  leaAdng  excess  of  the  latter;  for  if  the  chlorine  be  in 
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excess,  hydrated  hinoxide  is  formed.  It  is  a common  natural  product 
(the  manganiie  of  mineralogists),  occurring  crystallized  in  rhombic 
prisms,  and  massive,  sp.  gr.  4-3,  and  so  closely  resembling  the  peroxide, 
that  it  is  often  difficult  to  distinguish  them;  the  powder  of  the  hydrated 
sesquioxide  is,  however,  generally  hrown^  that  of  the  peroxide  black;  the 
former,  heated  in  a tube,  gives  off  water  and  little  oxygen ; the  latter, 
little  moisture  and  much  oxygen.  Heated  by  the  blow-pipe  with  glass  of 
borax,  the  sesquioxide  of  manganese  dissolves  with  a red  or  violet  color 
in  the  outer  flame;  in  the  inner  flame  it  becomes  colorless  in  consequence 
of  deoxidizement,  but  reacquires  color  when  transferred  to  the  outer 
oxidizing  flame.  This  hydrate  consists  of 

Turner. 

Manganite. 


Manganese 
Oxygen  . . 
Water 


2 ....  56 

3 ....  24 

1 ....  9 


62-92) 

26-97) 

10-11 


89-9 

10-1 


Hydrate  of  sesquioxide  of  manganese 
(manganite) 


89  100-00  100-0 


Hinoxide  of  Manganese.  Peroxide  of  Manganese.  Mn02.  This 
is  the  oxide  which  most  commonly  occurs  native^  and  is  resorted  to  as 
the  source  of  the  other  combinations  of  this  metal.  In  this  country  it  is 
common  in  Devonshire,  Somersetshire,  and  Aberdeenshire.  It  is  found 
in  a variety  of  forms:  compact  and  massive,  pulverulent  and  crystallized. 
Many  of  the  latter  varieties  have  a grey  metallic  lustre,  and  are  found 
acicularly  radiated,  and  in  rhomboidal  prisms.  Its  specific  gravity  varies 
between  4-8  and  4*9.  It  is  the  pyrolusite'^  of  some  mineralogists.  The 
following  analyses  of  five  samples  of  native  peroxide  of  manganese  are 
given  upon  the  authorities  of  Berth ier  (1.2.  3.),  Klaproth  (4.),  and  Tur- 
ner (5). 


I. 

Peroxide  of  manganese  ....  93-8 


Peroxide  of  iron PO 

Oxide  of  copper trace. 

Carbonate  of  lime  0-0 

Silica  4-0 

Baryta 0-0 

Water 1-2 


II. 

III. 

IV. 

V. 

84-0 

....  727  .... 

99-5  .... 

97'8 

2 0 

1-0  .... 

0-0  .... 

0-0 

trace. 

....  trace 

0-0  ... 

0 0 

90 

....  24-0  .... 

0-0  .... 

0-0 

4-0 

1-2  .... 

0-0  .... 

0-5 

0-0 

0-0  .... 

00  .... 

0-5 

1-0 

1-1  .... 

0-5  .... 

1-2 

100-0  lOO-O  100-0  100-0  100  0 

Under  the  name  of  7nanganese^  this  substance  is  met  with  in  com- 


merce, and  is  largely  consumed  in  the  manufacture  of  bleaching  com- 
j)ounds.  In  the  laboratory,  it  is  resorted  to  as  a source  of  oxygen  gas, 
2Mn02  = Mn203  + O,  for  which  purpose  it  should  be  well  dried  previous 
to  introducing  it  into  the  retort  (p.  270) : sometimes  it  is  mixed  -with 
carbonaceous  matter,  and  then  yields  carbonic  acid:  it  also  generally  gives 
off  a little  nitrogen  upon  the  first  application  of  heat,  the  source  of  which 
is  not  obvious.  Carbonate  of  lime,  silica,  oxide  of  iron,  and  some 
other  substances,  are,  as  the  above  analyses  indicate,  not  unfrequently 


* TTvp  fire,  and  'kveiv  to  set  free,  or 
loosen:  from  the  facility  with  which  part  of 
its  oxygen  is  extricated  by  heat : or,  accord- 


ing to  Graham,  from  irvp  and  'KoveLv  to 
wash,  from  its  use  in  discharging  the  color 
of  glass. 
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associated  with  it.  In  the  arts  it  is  used  to  give  a black  color  to  earthen- 
ware, and  to  remove  the  green  color  which  glass  derives  from  protoxide 
of  iron;  for  this  purpose  it  is  added  in  such  quantity  only  as  to  peroxi- 
dize  the  iron,  by  becoming  itself  protoxide,  and  neither  the  peroxide  of 
iron  nor  the  protoxide  of  manganese,  which  remain,  materially  interfere 
with  the  color  of  the  glass:  in  this  case,  Mn02,  acting  on  2FeO,  produces 
]\[nO  and  Fe203.  A little  excess  of  oxide  of  manganese  is  apt  to  give  the 
glass  a pink  tint,  which  as  is  sometimes  seen  in  plate  glass  windows,  does 
not  appear  till  after  long  exposure  to  light.  This  oxide  is  also  said 
to  sweeten  foul  water,  or  to  prevent  its  becoming  putrid.  It  usually 
loses  weight  (water),  on  being  dried  at  a temperature  not  exceeding  300°; 
at  a red-heat  it  becomes  sesquioxide ; and,  intensely  heated  in  an  iron 
tube,  or  with  a minute  quantity  of  carbonaceous  matter,  part  of  it  becomes 
protoxide.  It  is  not  altered  by  air  or  water.  It  is  a good  conductor  of 
electricity.  It  forms  no  combinations  with  the  acids;  but  such  of  them 
as  appear  to  dissolve  it,  reduce  it  to  the  state  of  protoxide.  Gently  heated 
with  hydrochloric  acid,  chlorine  is  liberated,  in  consequence  of  the  decom- 
position of  the  acid  by  the  oxygen  of  the  oxide  (p.  275).  Mn02  + 2HC1 
= MnCl  + 2HO -{- Cd.  Boiled  with  sulphuric  acid,  oxygen  is  evolved, 
and  a soluble  sulphate  of  the  protoxide  is  formed,  QMn02,  4-  S03  = 
Mn0,S03 -f- O],  together  with  a small  portion  of  manganic  acid^  (which 
gives  the  solution  a pink  color  and  bleaching  properties?)  Nitric  acid 
does  not  attack  it  unless  it  contains  sesquioxide,  or  some  deoxidizing 
agent  be  at  the  same  time  present.  Many  vegetable  acids  decompose  it 
bv  the  aid  of  heat.  It  consists  of 

V 

Berzelius  and 
Forchammer.  Arfwedson. 

INlanganese 1 ....  28  ....  63*6  ....  G3-75  ....  64-02 

Oxygen  2 ....  16  ....  36-4  ....  36-35  ....  35-98 

Peroxide  of  manganese  1 44  100-0  100-00  100-00 

As  binoxide  of  manganese  is  extensively  used  by  the  bleacher,  and  as 
it  occurs  of  various  degrees  of  purity  in  commerce,  a ready  mode  of  deter- 
mining its  value,  or,  in  other  words,  the  quantity  of  oxvgen  per  cent.., 
which  it  contains,  is  desirable:  this  may  be  effected  in  various  ways,  but 
it  is  generally  attained  by  ascertaining  its  power  of  decomposing  hydro- 
chloric acid  and  evolving  chlorine:  to  this  end  the  oxide  to  be  tested  is 
mixed  with  hydrochloric  acid,  and  heated,  and  the  evolved  chlorine  is 
received  into  a jar  containing  lime  diffused  through  water,  by  which  a 
chloride  of  lime  is  formed;  the  cjuantity  of  chlorine  is  then  determined 
by  the  process  already  described  at  p.  639.  Other  modes  of  testing  this 
oxide  have  been  suggested.  (See  Kane’s  Elein.  Ch..,  580.  Graham,  536. 
Levol,  Chem.  Gas.,  April,  1843.) 

Pure  peroxide  of  manganese  is  sometimes  useful  as  a test  of  the  pre- 
sence of  iodine,  bromine,  and  chlorine:  when  mixed  wdth  a salt  contain- 
ing iodine,  and  the  mixture  heated  Avith  a little  sulphuric  acid,  the  violet 
Anpor  of  iodine  is  evolved;  the  salts  of  bromine  give  in  the  same  Avay  a 
broAvn  vapor;  and  from  the  chlorides  chlorine  is  evolved. 

Hydrated  Peroxide  of  Manganese  is  obtained,  according  to  Ber- 
thier,  by  passing  excess  of  chlorine  through  the  protocarbonate  of  man  - 
ganese diffused  in  water;  a black  poAvder  falls,  which,  Avhen  Avashed  and 
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carefully  dried,  consists  of  88  peroxide  and  12  water.  A hydrated  perox- 
ide (consisting  of  1 atom  of  peroxide  and  1 of  water)  is  formed  by  preci- 
pitating protocliloride  of  manganese  by  chloride  of  lime.  The  soft  black 
mineral  known  to  our  miners  under  the  name  of  Wcid^  is  also  a hydrate  of 
the  peroxide  of  manganese:  it  contains  2 atoms  of  water.  Dr.  Thomson 
states  that  when  a neutral  solution  of  protoxide  of  manganese  is  mixed 
with  a solution  of  chloride  of  soda,  made  by  adding  carbonate  of  soda  to 
a solution  of  neutral  cliloride  of  lime  till  the  lime  is  all  precipitated,  a 
beautiful  black  precipitate  falls,  which,  when  washed  and  dried,  consists 
of  3 atoms  of  binoxide  and  1 of  water. 

The  mineral  called  Psyloinelcu)^  or  black  hoemalile^  which  has  a sta- 
lactitic  form,  is  perhaps  Mn0,2Mn02,  but  the  MnO  is  sometimes 
replaced  by  BaO,CaO,  KO,CuO,  &c.  (Gmelin.)  Four  hydrates  of  per- 
oxide of  manganese  are  enumerated  by  Gmelin,  constituted  as  follows: 
1.4Mn02,IT0.  2.  3Mn02,H0.  3.  2Mn02,H0.  4.  Mn02,H0. 

Red  Oxide  of  Manganese.  MnsO^.  This  is  the  oxiduin  maufranoso- 

O 

wanganiciim  of  Berzelius  and  Arfwedson:  it  exists  native,  constituting 
the  mineral  termed  Hausmannite^  Avhich  occurs  in  the  form  of  acute 
octohedrons,  sp.  gr.  4*72.  The  artificial  production  of  this  oxide  has  not 
been  very  clearly  described:  it  is  said  to  be  formed  when  the  hydrated 
protocarbonate  of  manganese,  after  having  been  dried  in  the  air,  is  exposed 
to  a red  heat.  Arfwedson  considers  it  as  a definite  monoatomic  com- 
pound of  protoxide  and  sesquioxide  Mn0,Mn203 ; by  others  it  is  repre- 
sented as  2]\In0,Mn02.  According  to  Regnault,  this  oxide  is  formed,  with 
the  evolution  of  hydrogen,  when  steam  is  passed  over  protoxide  of  man- 
ganese at  a red-heat;  and  Turner  says  it  is  obtained  “ by  exposing  peroxide 
or  sesquioxide  to  a white-heat,  either  in  close  or  open  vessels,” 

Yarvicite.  a peculiar  oxide  of  manganese  was  discovered  by  IMr. 
R.  Phillips  among  some  manganese  ores  from  Flartshill,  in  ^Warwickshire, 
to  Avhicb,  from  its  locality,  he  gave  the  above  name.  Professor  Turner 
afterwards  detected  it  in  the  manganese  of  Ilefeld,  in  the  Ilartz.  It  is 
harder,  and  has  more  lustre,  and  a more  decidedly  lamellated  texture 
than  the  common  peroxide:  its  density  is  4'.53I.  It  has  not  been  found 
regularly  crystallized,  but  some  of  the  Hartz  specimens  yield  it  in  pseudo- 
crystals, having  the  form  of  six-sided  pyramids  of  calcareous  spar.  When 
strongly  heated,  it  is  converted  into  red  oxide,  losing  5‘725  yer  cent,  of 
water,  and  7’385  of  oxygen.  It  is  stated  to  contain  4 atoms  of 
manganese  and  7 of  oxygen,  or  1 atom  of  the  sesquioxide  and  1 of  the 
peroxide. 

Manganese 4 ....  112  Sesquioxide 1 ....  80 

Oxygen  7 ....  50  Peroxide  2 ....  88 

1 1G8  1 168 

In  Yarvicite  1 atom  of  this  oxide  = 168,  is  combined  with  1 of 
Avater  :==  9,  giving  for  the  mineral  the  equivalent  168 -[-9  = 177*  {Phil. 
Mag.  and  Ann..,  v.  vi.  and  vii.) 

IManganic  Acid.  Manganesic  Acid.  MnOs.  Y^hen  peroxide  of 
manganese  is  heated  to  redness  with  nitrate  of  potassa,  a compound  is 
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oLtalned,  whicli,  'wlieii  put  into  water,  furnishes  a solution  exhibiting 
various  tints  of  green,  purple,  and  red,  and  which  was  therefore  called 
Chameleon  viineraL  A similar  compound  is  more  perfectly  obtained  by 
fusing  the  peroxide  with  caustic  potassa  at  a red  heat,  which  furnishes  a 
green  substance  when  the  alkali  is  in  excess.  With  water  it  affords  a 
deep  green  solution  of  manganate  of  potassa,  which  is  permanent  with 
excess  of  alkali,  but  otherwise  becomes  blue,  purple,  and  ultimately  red  on 
exposure  to  air,  in  consequence  of  the  formation  of  permanganate  of 
potassa,  by  the  absorption  of  oxygen  ; at  the  same  time  it  deposits  a 
brown  po'wder,  which  is  hydrated  peroxide  of  manganese,  and  free  alkali 
is  separated.  3 [K0,Mn03]  = K0,]\In207  + Mn02  + 2KO.]  Manganic 
acid  has  not  been  Isolated,  or  obtained  in  the  state  of  hydrate,  for  when 
set  free  from  the  base  it  is  resolved  into  hydrated  peroxide  and  oxygen. 

According  to  MItscherlich  manganic  and  sulphuric  acids  are  isomor- 
phous,  and  the  manganates  are  isomorphous  with  the  sulphates  and  also 
with  the  chromates.  The  elements  of  manganic  acid  are 

Unverdovben.  Frommherz.  Mitsolierlicli. 

^fanganese  ....  1 ....  28  ....  53*8  ....  5874  ....  59  45  ....  54 

Oxygen  3 ....  24  ....  4G-2  ....  41-26  ....  40-55  ....  46 

Manganic  acid  1 52  100-0  100  00  100-00  100 

Manganate  of  Potassa.  The  following  process  is  given  by  Dr. 
Gregory  for  the  preparation  of  this  salt.  JMix  4 parts  of  finely-powdered 
peroxide  of  manganese  with  34  of  chlorate  of  potassa,  and  add  them  to 
5 parts  of  hydrate  of  potassa  dissolved  in  a small  quantity  of  water. 
The  mixture  is  evaporated  to  dryness,  powdered,  and  then  ignited  in  a 
platinum  crucible,  but  not  fused,  at  a low  red- heat.  Digested  in  a small 
quantity  of  cold  water,  this  affords  a deep  green  solution  of  the  alkaline 
manganate,  which  may  be  obtained  in  crystals  of  the  same  color  by 
evaporating  the  solution  over  sulphuric  acid  in  the  air-pump.  (Graham, 
(Elern.  of  Chem.^  537*) 

Permanganic  Acid.  Hypermanganic  Acid.  Mn207.  This  acid 
has  been  isolated  as  a hydrate  as  follows:  1.  A manganate  of  baryta  is 
first  formed  by  heating  nitrate  of  baryta  with  peroxide  of  manganese  to 
redness  : reduce  the  resulting  green  compound  to  fine  powder,  mix  it 
with  water,  and  add  a little  dilute  sulphuric  acid,  by  which  a red  solution 
of  permanganate  of  baryta  is  obtained  : concentrate  this  by  evaporation, 
and  carefully  decompose  it  by  sulphuric  acid  : decant  the  supernatant 
solution  of  permanganic  acid.  (Mitscherlicii.)  2.  Pass  carbonic  acid 
gas  through  finely-powdered  manganate  of  baryta  diffused  in  30  parts  of 
water,  till  the  green  color  of  the  powder  becomes  brown ; decant  the 
deep  violet  liquor  from  the  residue  (which  is  chiefly  carbonate  of  baryta 
and  hydrate  of  peroxide  of  manganese),  boil  it  for  fifteen  minutes  to  get 
rid  of  carbonic  acid  and  throw  down  carbonate  of  baryta,  and  add  a few 
drops  of  dilute  sulphuric  acid  to  precipitate  a little  residuary  baryta ; 
then  decant  the  clear  liquor  and  evaporate  it  to  one-fourth  its  bulk,  pour 
it  off’  the  deposited  hydrate  of  manganese,  and  after  gentle  evaporation, 
carmine-red  acicular  crystals  of  hydrated  permanganic  acid  are  obtained. 
(Puo.MMriERZ.)  [Wohler  and  IMitscherlicli  regard  the  crystals  as  acid  per- 
manganate of  baryta,  'which  however  does  not  seem  probable  if  prepared 
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as  directed.]  3.  Precipitate  the  green  solution  of  manganate  of  potassa 
by  nitrate  of  lead,  wash  the  precipitate  and  decompose  it  by  long  diges- 
tion in  a mixture  of  1 part  of  oil  of  vitriol,  and  10  of  water.  In  all 
cases  of  the  preparation  of  permanganic  acid,  the  contact  of  organic 
matter  must  he  cautiously  shunned,  for  it  almost  immediately  decomposes 
it,  and  hence  paper  filters  are  inadmissible : this  is  probably  the  cause  ot‘ 
the  discrepancies  in  the  accounts  of  the  permanence  of  this  acid,  and  the 
effect  of  heat  and  light  upon  it,  and  which  Berzelius  seems  inclined  to 
refer  to  isomeric  modification. 

The  aqueous  solution  of  permanganic  acid  is  of  a splendid  carmine 
color,  or,  by  transmitted  light,  dark  violet : its  taste  is  austere  and  bit- 
terish : it  tinges  the  skin  brown,  and  gives  the  same  tint  to  litmus  and 
turmeric  paper,  depositing  hydrated  peroxide : it  is  soon  decomposed  at 
a boiling  heat,  and  by  the  greater  number  of  combustible  bodies  at 
common  temperatures.  Its  salts,  which  are  of  a fine  red  or  purple  hue, 
are  more  permanent  than  the  hydrated  acid  : they  deflagrate  with  com- 
bustibles : they  are  all  soluble  in  water,  and  many  of  them  deliquescent. 
The  permanganates  of  potassa  and  soda  are  obtained  from  the  manganates 
of  those  bases,  Avhich  in  aqueous  solution  pass  spontaneously  into  perman- 
ganates: others  are  formed  by  saturating  the  aqueous  acid  with  such  bases 
as  have  no  tendency  to  higher  oxidizement;  or,  according  to  Mitscherlicb, 
by  mixing  chlorides  with  permanganate  of  silver  and  decanting  the  solution 
off  the  resulting  chloride  of  silver.  Permanganate  of  silver,  which  is 
the  least  soluble  of  these  salts,  is  obtained  by  adding  nitrate  of  silver  to 
a concentrated  solution  of  another  permanganate:  it  is  thrown  down  partly 
crystalline.  The  permanganates  in  solution  are  deprived  of  color  and 
decomposed  by  ammonia,  by  sulphurous  and  phosphorous  acids,  and  by 
sulphuretted  hydrogen.  There  is  an  obvious  analogy  in  composition 
between  permanganic  and  perchloric  acids,  and  the  permanganate  and 
perchlorate  of  potassa  are  stated  by  Mitscherlicb  to  be  isomorphous. 

Permanganic  acid,  as  it  exists  in  combination  with  bases,  consists  of 


Forchammer. 

Manganese  2 ....  56  ....  50  ....  43‘1 

Oxygen  ^ ....  56  ....  50  ....  56'9 


Anhydrous  permanganic  acid 1 112  100  lOO’O 

Protochloride  of  Manganese.  MnCl.  I.  When  peroxide  of  man- 
ganese is  heated  with  hydrochlorate  of  ammonia,  as  above  directed  (p. 
698),  a solution  of  chloi'ide  of  manganese  is  easily  obtained  from  the 
residue,  which,  if  evaporated  by  a gentle  heat,  furnishes  transparent 
pinkish  crystals  of  hydrated  chloride.  2.  The  same  salt  is  obtained  by 
dissolving  carbonate  of  manganese  in  dilute  hydrochloric  acid  and  eva- 
porating the  solution.  3.  When  peroxide  of  manganese  is  boiled  in 
hydrochloric  acid,  as  in  the  common  process  for  evolving  chlorine,  a solu- 
tion of  chloride  of  manganese  more  or  less  contaminated  by  iron  is  ob- 
tained, from  which  a pure  chloride  may  be  procured  by  boiling  it  down 
to  expel  excess  of  acid,  diluting  it  with  water  and  again  boiling  with  the 
addition  of  carbonate  of  manganese,  by  which  the  whole  of  the  peroxide 
of  iron  is  precipitated.  If  about  one-fourth  of  the  impure  solution  of 
chloride  of  manganese  he  reserved,  and  precipitated  by  carbonate  of  soda, 
a quantity  of  carbonate  of  manganese  will  be  obtained  sufficient  to  preci- 
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pitate  the  iron  from  tlie  other  three-fourths  of  the  liquid,  and  which  may 
he  used  for  that  purpose  after  it  has  been  Avashed.  The  absence  of  iron 
in  the  solution  is  ascertained  by  its  yielding  a white  precipitate  without 
any  shade  of  blue,  by  ferrocyanide  of  potassium ; it  may  then  be  evapo- 
rated, and  the  chloride  of  manganese  crystallized  in  its  hydrated  form. 
(Eyeritt.)  Exposed,  out  of  the  contact  of  air,  to  a heat  gradually 
raised  to  redness,  the  crystals  of  the  hydrated  chloride  lose  w^ater,  to 
the  amount  of  about  40  per  cent.^  and  leave  a lamellar  anhydrous  chlo' 
ride  of  manganese ; heated  in  the  contact  of  air,  this  chloride  is  decom- 
jmsed  and  converted  into  an  oxide,  as  is  the  case  with  the  corresponding 
chloride  of  magnesium,  so  that  it  must  be  rendered  anhydrous  by  heating 
it  in  a retort,  or  in  a tube  through  which  a current  of  dry  hydrochloric 
acid  gas  is  transmitted. 

The  anhydrous  chloride,  wLich  in  its  fused  state  much  resembles  the 
corresponding  chloride  of  magnesium,  combines,  according  to  Braudes, 
with  4 equivalents  of  water,  to  form  the  hydrated  crystals;  it  loses  3 of 
these  and  retains  1 when  dried  at  212^,  and  at  a red-heat  this  last  equi- 
valent escapes.  100  parts  of  water  dissolve  38'3  of  the  anhydrous 
chloride  at  the  temperature  of  50'^,  46*2  parts  at  88°,  and  55  parts  at  144°. 
A higher  temperature,  instead  of  increasing,  diminishes  its  solubility. 
(Brandes.)  Absolute  alcohol  dissolves  half  its  weight  of  the  anhydrous 
chloride  of  manganese,  and  affords,  by  evaporation  in  vacuo,  a crystalline 
alcoate  containing  2 equivalents  of  alcohol.  (Graham.)  It  is  insoluble 
in  ether  and  in  oil  of  turpentine.  The  anhydrous  chloride  consists  of 

J.  Davy.  Arfwedson. 

Manganese  1 ....  28  ....  43-7  ....  46  ....  44’25 

Chlorine  1 ....  36  ....  56*3  ....  54  ....  55*75 

Chloride  of  manganese  ....  1 64  100*0  100  100*00 

Sesquiciiloride  op  Manganese,  Mn2Cl3,  is  formed  when  the  sesqui- 
oxide  is  dissolved  at  a low  temperature  in  hydrochloric  acid ; a dark 
brown  solution  is  obtained  which,  by  a slight  elevation  of  temperature, 
evolves  chlorine.  (Forchammer.) 

Perchloride  of  Manganese.  Mn2Cl7,  has  been  described  by  Dumas. 
It  is  formed  by  adding  fused  chloride  of  sodium  to  a sulphuric  solution 
of  permanganic  acid ; the  compound  passes  off’  in  the  form  of  a green 
vapor,  condensible  at  0°  into  an  olive-colored  liquid.  If  the  vapor  be 
conveyed  into  a moistened  flask,  it  acquires  a red  tint,  and  hydrochloric 
and  permanganic  acids  are  generated.  The  simplest  process  for  preparing 
it  consists  in  forming  a green  chameleon-mineral  by  fusing  peroxide  of 
manganese  with,  potassa,  and  pouring  dilute  sulphuric  acid  upon  it,  by 
which  a permanganate  and  sulphate  of  potassa  are  obtained  on  evaporation. 
By  the  affusion  of  strong  sulphuric  acid  these  salts  yield  a solution  of 
permanganic  acid,  to  which  small  pieces  of  fused  common  salt  are  added, 
as  long  as  green  vapor  is  evolved.  f4nn.  Ch.  et  P/t.,  xxxvi.  81,  and 
Edin.  Journ.  of  Science^  viii.  179-)  From  the  phenomena  of  its  forma- 
tion and  decomposition,  this  chloride  is  supposed  to  consist  of  2 atoms  of 
manganese  and  7 of  chlorine : it  corresponds,  therefore,  to  the  perman- 
ganic acid. 
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Ammonio-ciiloride  of  Manganese,  MnC]5NH4CI,  is  a soluble  and 
crystallizable  salt,  not  decomposed  bj  excess  of  ammonia.  It  may  be 
formed  by  adding  ammonia  to  an  acid  solution  of  protoxide  of  manganese, 
or  by  mixing  a solution  of  sal-ammoniac  and  chloride  of  manganese. 
When  ammonia  is  added  to  the  solution  of  chloride  of  manganese,  half 
of  the  metal  is  thrown  down  in  the  state  of  hydrated  protoxide,  and  the 
remainder  forms  the  double  salt.  When  recently  precipitated  hydrated 
protoxide  of  manganese  is  digested  in  solution  of  sal-ammoniac,  the  double 
chloride  is  formed,  and  ammonia  evolved. 

Chlorate  of  Manganese,  Mn0,C105,  formed  by  deeomposing  chlo- 
rate of  baryta  by  protosulphate  of  manganese,  when  concentrated  to  a 
certain  degree  by  evaporation  over  sulphuric  acid,  is  decomposed  into 
chlorine,  oxygen,  and  hydrated  peroxide  of  manganese ; but  the  dilute 
solution  is  not  altered  even  on  boiling.  The  addition  of  dilute  sulphuric 
acid  renders  it  intensely  red  by  the  formation  of  persulphate  of  manga- 
nese (permanganic  acid?)  at  the  expense  of  the  oxygen  of  the  chloric  acid. 
Added  to  excess  of  sulphuric  acid,  a brown  crystalline  precipitate  fails, 
consisting  of  peroxide  and  protosulphate  of  manganese.  (Waechter.) 

loDiHE  OF  Manganese,  Mnl,  as  formed  by  the  action  of  hydriodic 
acid  on  protoxide  of  manganese,  is  a very  soluble  colorless  compound, 
yielding  on  evaporation  a crystalline  mass,  fusible  without  decomposition, 
when  air  is  excluded,  but  when  heated  in  the  air  evolving  iodine  and 
leaving  protoxide.  (Lassaigne.) 


Lassaigne. 

Manganese  1 ....  28  ....  18'18  ....  17'C2 

Iodine 1 ....  126  ....  81*82  ....  82*38 


Iodide  of  manganese  ....  1 154  100  00  100*00 

loDATE  OF  Manganese,  MnO,I05,  is  thrown  down  as  a pale  red 
crystalline  powder  on  mixing  hot  concentrated  solutions  of  protacetate 
of  manganese  and  iodate  of  soda : it  is  soluble  in  about  200  of  water. 
(Rammelsberg.) 

Bromide  of  Manganese.  MnBr.  A pale  red  fusible  compound, 
obtained  by  heating  manganese  in  bromine  vapor,  or  by  evaporating  a 
solution  of  protoxide  of  manganese  in  hydrobromic  acid  and  heating  the 
residue  out  of  the  contact  of  air:  heated  in  the  air  it  evolves  bromine  and 
leaves  oxide:  it  is  very  deliquescent  and  yields  acicular  hydrated  crystals 
when  its  aqueous  solution  is  evaporated.  (Lowig.  Berthemot.  Ann, 
Ch.  et  PIi.^  xLiv.  392.) 

Bromate  of  Manganese.  ]\InO,Br05.  Protocarbonate  of  manganese 
dissolved  in  aqueous  bromic  acid  presently  decomposes  into  bromine  and 
hydrated  peroxide.  (Rammelsberg,  Poggend.^  lv.  66.) 

Fluoride  of  Manganese.  MriF.  Protocarbonate  of  mancfanese 
dissolved  in  aqueous  hydrofluoric  acid,  yields  small  amethystine  crj^stals, 
not  decomposed  by  a red  heat  and  soluble  in  excess  of  acid.  Sesquifliio- 
ride  of  manganese^  Mn2F3,  formed  by  dissolving  hydrated  sesquioxide  in 
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hydrofluoric  acid,  gives  dark  reddisli-hrown  crystals,  soluble  in  water,  but 
when  much  diluted  depositing  a basic  salt,  an  acid  salt  remaining  in 
solution.  (Berzelius.) 

Perfluoride  of  Manganese.  Mn2F7.  By  mixing  the  green  cha- 
meleon-mineral with  half  its  weight  of  pure  fluor-spar  in  fine  powder, 
and  decomposing  the  mixture  in  a platinum  vessel  by  anhydrous  sul- 
phuric acid,  a vapor,  of  a deeper  tint  than  chlorine,  is  evolved,  which 
acquires  a red  color  on  mixture  with  atmospheric  air,  and  gives  with 
'Nvater  a red  solution  of  hydrofluoric  and  permanganic  acids.  It  is  de- 
composed by  the  contact  of  glass,  fluosilicic  acid  is  formed,  and  a brown 
powder  deposited,  which  gives  a red  solution  with  water.  (Wohler. 
Dumas.  Edin.  Journ>  of  Science^  ix.  Anii.  Cli.  et  Ph.^  xxxvi.  82.) 

Nitrate  of  Manganese.  Mn0,N05.  Dilute  nitric  acid  dissolves 
moist  protoxide  or  protocarbonate  of  manganese,  and  forms  a p7'oio7iiirale^ 
which  may  be  obtained  by  evaporation  in  vacuo,  in  prismatic  crystals, 
deliquescent,  very  soluble  in  water  and  in  alcohol,  and  of  a bitter  taste; 
their  alcoholic  solution  burns  with  a green  flame.  The  same  salt  may 
be  obtained  liy  digesting  peroxide  of  manganese  in  nitric  acid  with  a 
portion  of  gum  or  sugar,  which  abstracts  oxygen,  carbonic  acid  is  evolved, 
and  the  protoxide  dissolved  by  the  acid.  Exposed  to  light,  the  solution 
of  the  protonitrate  lets  fall  a portion  of  peroxide  of  manganese.  AVhen 
dilute  nitric  acid  is  poured  upon  the  deutoxide  of  manganese,  a proto- 
nitrate  and  peroxide  are  formed.  According  to  Millon  the  crystals  are 
]\In0,N05,  6HO  : according  to  Thomson  they  consist  of 

Protoxide  of  manganese 1 ....  36  ....  23*5 


Nitric  acid  1 ....  54  ....  35*3 

Water 7 ....  63  ....  41*2 


Crystallized  protonitrate  of  manganese 1 153  100*0 

SuLPHURET  OF  Manganese.  MnS.  When  dried  protosulphate  of 
manganese  is  ignited  with  one-sixth  its  weight  of  finely-powdered  char- 
coal, or  when  a current  of  sulphuretted  hydrogen  is  passed  over  the  pro- 
tocarbonate or  protosulphate  heated  to  redness,  a true  S2ilphu7'et  of  77ia7i~ 
ganese  is  obtained.  (Bertiiier,  Arm.  Ch.  et  Ph..,  xxiv.  273.  Arfwed- 
SON,  A7171.  of  Phil..,  vii.  332.)  It  has  a grey  metallic  lustre,  and  is  per- 
fectly soluble  in  dilute  sulphuric  and  hydrochloric  acid,  Avith  the  evo- 
lution of  sulphuretted  hydrogen  gas.  It  is  identical  Avith  the  7iative  sul- 
j)hii7'el  of  mangcuiese.,  a rare  ore,  found  in  CornAvall  and  Transylvania. 
Sulphuret  of  manganese  consists  of 


Dubereiner.  Arfwedson. 

Artificial.  Native. 

jNIanganese 1 ....  28  ....  63*6  ....  65*86  ....  63*13  ....  62*58 

Sulphur  1 ....  16  ....  36*4  ....  34*14  ....  36*87  ....  37*42 


Sulphuret  of  manganese  1 44  100  0 100*00  100*00  100*00 


Wh  en  sulphur  is  heated  Avith  peroxide  of  manganese,  sulphurous  acid 
is  evolved,  and  a greenish  substance  obtained,  Avhich  is  probably  a sul- 
phuretted oxide.  When  hydrogen  is  passed  over  jirotosulphate  of  man- 
ganese at  a red  heat  an  oxy sulphuret  is  also  produced  = MnO,MnS. 
(Arfwedson.) 

Yol.  II.  3 A 
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When  a solution  of  protosulpliate  of  manganese  is  mixed  with  a solu- 
tion of  carburet  of  sulphur  in  caustic  potassa,  a grey  precipitate  falls, 
■which,  when  stirred  so  as  to  bring  it  to  the  surface,  assumes  a fine  purple 
color:  this  tint  gradually  disappears,  and  it  assumes  the  color  of  the  preci- 
pitated sulphuret  of  manganese.  (Berzelius.) 

Hydi'osulpJmret  of  Manganese^  MnS,HO,  or  MnO,HS,  is  the  white  or 
pale-red  flocculent  precipitate  which  falls  on  adding  an  alkaline  hydro- 
sulphuret  to  solution  of  a protosalt  of  manganese  : when  washed  and 
dried,  it  acquires  a brown  color,  and  if  heated  in  a retort  yields  water  and 
sulphuret  of  manganese. 

Hyposulphite  (Dithionite)  of  Manganese.  Mn0,S202.  This  salt 
has  only  been  obtained  in  solution,  for  when  protosulphate  of  manganese 
is  decomposed  by  hyposulphite  of  baryta,  the  filtered  solution  rapidly 
decomposes  into  sulphur  and  sulphate  of  manganese,  even  when  evapo- 
rated in  vacuo  over  oil  of  vitriol.  (Rammelsberg,  Poggend.^  Lvi.  305.) 

Sulphite  of  Manganese.  Mn0,S02,  is  obtained  by  passing  sul- 
phurous acid  through  a mixture  of  carbonate  of  manganese  and  water  till 
the  carbonic  acid  is  expelled.  It  is  a white  granular  tasteless  powder, 
insoluble,  or  nearly  so,  in  water  and  in  alcohol,  and  not  altered  by  exposure 
to  air.  It  dissolves  in  excess  of  sulphurous  acid,  and  is  decomposed  by 
heat.  (Berthier.)  Its  formula  is  Mn0,S02,2H0.  (John.) 

Hyposulphate  (Dithionate)  of  Manganese.  Mn0,S205.  When 
peroxide  of  manganese  (previously  digested  in  nitric  acid  and  thoroughly 
washed,  to  deprive  it  of  hydrated  oxide)  is  diffused  through  water,  and 
sulphurous  acid  passed  into  it,  a neutral  hyposulphate  of  the  protoxide 
is  obtained.  It  affords  a deliquescent  salt  on  evaporation.  (See  p.  402.) 

Sulphate  of  Manganese.  MnO,  S03,  is  formed,  (1 .)  by  dissolving  the 
protoxide  or  protocarbonate  in  dilute  sulphuric  acid,  and  evaporating;  (2.) 
by  mixing  peroxide  of  manganese  into  a paste  with  sulphuric  acid,  and 
heating  it  for  some  time  to  dull  redness ; oxygen  is  evolved,  and  the  dry 
mass  washed  with  water  affords  a solution  of  the  sulphate  of  the  protoxide, 
which  may  be  crystallized  by  evaporation.  This  salt  is  much  used  in 
dyeing  and  calico-printing,  for  which  purpose  it  is  prepared  by  ^‘igniting 
peroxide  of  manganese  mixed  Avith  about  one-tenth  its  Aveight  of  pounded 
coal  in  a gas  retort.  The  protoxide  thus  formed  is  dissolved  in  diluted 
sulphuric  acid  with  the  addition  at  the  end  of  a little  hydrochloric  acid; 
the  sulphate  is  evaporated  to  dryness,  and  again  heated  to  redness  in  the 
gas  retort ; the  iron  is  found,  after  the  ignition,  in  the  state  of  peroxide, 
and  insoluble,  the  persulphate  of  iron  being  decomposed,  Avhile  the  sul- 
phate of  manganese  is  not  injured  by  the  temperature  of  ignition,  and 
remains  soluble.  The  solution  is  of  an  amethystine  color,  and  does  not 
readily  crystallize.  When  cloth  is  passed  through  sulphate  of  manganese 
and  afterwards  through  a caustic  alkali,  protoxide  of  manganese  is  preci- 
pitated upon  it  and  rapidly  becomes  broAvn  in  the  air;  or  it  is  at  once 
peroxidized  by  passing  the  cloth  through  a solution  of  chloride  of  lime. 
The  color  thus  produced  is  called  manganese  brown.”  (Graham.) 

Sulphate  of  manganese,  as  obtained  by  gentle  evaporation  from  the 
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neutral  solution,  forms  rliomLic  prisms  'wliidi  contain  4 atoms  of  ^yater. 
W hen  the  crystals  are  formed  between  45°  and  68°,  they  contain  5 atoms 
of  water,  and  are  isomorphous  with  sulphate  of  copper;  and  when  formed 
under  42°  they  include  7 atoms  of  Avater,  and  are  isomorphous  Avitli  sul- 
phate of  iron.  (Mitsciierlicit.)  And  lastly,  Avhen  a concentrated  solu- 
tion of  sulpliate  of  manganese  is  mixed  with  sulj)huric  acid,  it  yields  on 
evaporation  small  granular  crystals  containing  only  1 atom  of  water.  The 
solubility  of  sulphate  of  manganese  varies  Avith  its  AA^ater  of  crystallization; 
but,  according  to  Braudes,  the  anhydrous  salt  is  soluble  in  2 parts  of 
Avater  at  60°,  and  in  its  OAvn  Aveight  at  122°;  at  a higher  temperature  its 
solubility  diminishes.  It  is  insoluble  in  alcohol.  The  taste  of  sulphate 
of  manganese  is  styptic  and  bitterish,  and  the  crystals  have  generally  a 
slight  tinge  of  pink.  At  240°,  they  lose  3 atoms  of  Avater,  but  retain  1 
until  heated  above  400° ; at  a red  heat  the  salt  becomes  anhydrous,  and 
in  that  state  consists  of 

Protoxide  of  manganese 1 ....  36  ....  47*4 

Sulphuric  acid 1 ....  40  ....  62  6 

Anhydrous  protosnlphate  of  manganese  ....  1 76  lOO’O 

Sesquisulpiiate  of  Manganese.  Mn203  + 3S03,  is  formed,  accord- 
ing to  Kane,  by  dissolving  the  sesquioxide  in  sulphuric  acid : the  solution 
is  of  a crimson  color;  Avhen  heated  it  gives  off  oxygen  and  becomes  color- 
less: it  is  instantly  bleached  by  sulphurous  acid  or  any  deoxidizing  agent. 
“ Its  most  important  property  is  that  of  forming  Avith  sulphate  of  potassa 
or  of  ammonia,  double  salts  crystallizing  in  octohedrons,  Avhich  are  man 
ganese  al/nns,  similar  in  constitution  to  the  ordinary  alum,  but  Avith  A1203, 
replaced  by  Mn203.  I part  of  peroxide  of  manganese  mixed  Avith  13  of 
oil  of  vitriol,  and  gently  heated  till  half  the  quantity  of  oxygen  thus 
separable  has  escaped,  yields  a mass  from  Avhich  Avater  extracts  the  ses- 
quisulphate;  1 part  gives  a red  color  to  1280  of  Avater.”  (R.  Phillips, 
Phil.  Mag.,  V.  214.) 

Ammonio-sulpiiate  of  Manganese.  Mn0,NH40,2S03, -1-6HO,  is  a 
soluble  and  crystallizable  salt,  obtained  Avhen  sulphate  of  ammonia  and 
protosulphate  of  manganese  are  mixed  in  atomic  proportions.  Its  crystals 
contain  7 atoms  of  Avater,  and  are  of  a pale  rose-color.  According  to  H. 
Rose,  100  parts  of  anhydrous  suliAhate  of  manganese  absorb  45*30  of  dry 
ammonia,  forming  a AAdnte  bulky  poAvder  MnO,S03 -f  2NH3  : the  am- 
monia escapes  by  exposure  to  air  or  heat. 

Ammonio-sesquisulpiiate  of  Manganese.  NH40,S03  + Mn203, 
3803  + 24110.*  When  the  purple  solution  of  sulphate  of  sesquioxide  of 
manganese  obtained  by  gently  lieatlng  the  peroxide  Avith  oil  of  vitriol  is 
mixed  Avith  sulphate  of  ammonia  it  affords,  (from  the  acid  liquor)  red 
octohedral  crystals  having  the  above  formula : they  are  decomjAOsed  by 
Avater,  and  deposit  oxide  of  manganese.  (Mitsciierlicii.) 

Potassa- SULPHATE  of  Manganese.  K0,S03,Mn0,S03  + 6110,  forms 
colorless  crystals,  containing  6 atoms  of  Avater.  (Berzelius.)  Accord- 
ing to  Mitscherlich  the  crystals  have  a flesh-red  color,  the  same  shape  as 
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those  of  the  ammoiiio-sulphate  of  magnesia,  and  contain  6 atoms  of 
water. 

Soda-Sulphate  of  Manganese.  Na0,S03:  Mn0,S03: -1-5HO.  When 
chlorine  is  prepared  from  salt,  sulphuric  acid,  and  peroxide  of  manganese, 
the  residue  furnishes  sulphate  of  soda,  and  in  the  mother-liquor,  after  a 
year's  exposure  in  a cool  place,  Geiger  found  crystals  having  the  above 
formula ; other  crystals  were  formed,  having  only  2 atoms  of  water. 
{Geige?'’s  Mag.  der  Pharm.  See  also  Gmelin,  Handbuch.') 

Phosphuret  of  Manganese,  obtained  by  dropping  phosphorus  on 
red  -hot  manganese,  is  of  a blue- white  metallic  lustre,  and  considerably 
inflammable : it  is  permanent  in  the  air,  brittle,  and  easily  fused.  (Pel- 
letier, Ami.  de  Ch.^  xiii.  137.)  Pose  obtained  this  phosphuret  by  pass- 
ing phosphuretted  hydrogen  over  heated  chloride  of  manganese. 

Hypophosphite  of  Manganese,  was  obtained  by  Rose,  by  boiling 
hypophosphite  of  lime  with  excess  of  protoxalate  of  manganese,  and  eva- 
porating the  filtered  liquor:  it  did  not  crystallize.  [Poggend.^  xii.  87*) 
Wurtz  obtained  it  in  small  brilliant  crystals,  permanent  at  212°,  but  losing 
an  atom  of  water  at  300°.  Their  formula  is  MnO,PO,3HO.  {Ann.  Ch. 
et  Ph.,  Fevr.  1846.) 

Phosphite  of  Manganese.  2Mn0,P03. -f  2HO.  When  an  aque- 
ous solution  of  terchloride  of  phosphorus  neutralised  by  ammonia  is 
added  to  protochloride  of  manganese  a red  precipitate  is  obtained,  consti- 
tuted as  above.  (H.  Rose,  Poggend.^  ix.) 

Phosphate  of  Manganese,  is  precipitated  in  the  form  of  a white 
nearly  insoluble  powder,  by  adding  phosphate  of  soda  to  sulphate  of  man- 
ganese. Berzelius  observes,  that  in  analyses  this  salt  is  difficultly  dis- 
tinguished from  phosphate  of  lime  and  phosphate  of  magnesia.  It  is, 
however,  decomposed  by  boiling  with  caustic  potassa,  and  the  oxide 
assumes  a dark  color. 

Phosphate  of  Sesquioxide  of  Manganese  is  formed  by  heating  the  ses- 
quioxide  or  binoxide  with  concentrated  phosphoric  acid  nearly  to  redness: 
on  cooling  a violet  mass  is  obtained,  which  gives  a pink  solution  not  decom- 
posed by  dilution,  and  immediately  decolored  by  sulphuretted  hydrogen 
and  by  sulphurous  acid,  and  which  slowly  deposits  brownish-red  granular 
crystals.  (Gmelin.) 

Carburet  of  Manganese,  is  probably  always  contained  in  the  metal 
reduced  by  intense  ignition  of  the  oxide  with  charcoal.  The  quality  of 
steel  is  said  to  be  much  improved  by  the  presence  in  it  of  carburet  of 
manganese,  the  manufacture  of  which  has  been  patented  by  Mr.  Heath. 
The  plumbago-like  substance  called  kish^  occasionally  produced  in  iron- 
furnaces,  is  said  to  consist  chiefly  of  carburet  of  manganese. 

Carbonate  of  Manganese,  is  white  (or  pale-red),  insipid,  and  in- 
soluble in  water.  It  is  precipitated  as  a hydrate,  by  alkaline  carbonates, 
from  tlie  protochloride  or  protosulphate : it  should  be  washed  with  boiled 
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water,  and  dried  in  vacuo  over  sulphuric  acid.  When  heated  it  loses 
water  and  becomes  brown.  >\"hen  the  artificial  carbonate  is  carefully 
dried  at  100°  it  probably  consists  of 

Ure.  Forchammer.  Turner. 

Protoxide  of  manganese  2 ....  72  ....  57*6  ....  57'3  ....  51*755  ....  56  85 

Carbonic  acid 2 ....  44  ....  35*2  ....  35*4  ....  33*050  ....  34*72 

Water 1 ....  9 ....  T2  ....  7-3  ....  13*520  ....  8*43 

1 125  100*0  100*0  98*325  100*00 

The  native  carbonate  or  spathose  manganese^  is  an  anhydrous  mono- 
carbonate, M nO,C02 : its  crystals  are  obtuse  rhomboids,  sp.  gr.  3*55, 
translucent  or  pearly,  and  of  a red  hue : it  dissolves  slowly  in  cold  hydro- 
chloric acid. 

Cyanide  op  Manganese  falls  in  the  form  of  a grey  insoluble  precipi- 
tate, when  solution  of  cyanide  of  potassium  is  added  to  a protosalt  of 
manganese.  The  precipitate  is  soluble  in  excess  of  the  precipitant. 
(Berzelius.)  When  cyanide  of  manganese  is  dissolved  in  cyanide  of 
potassium,  the  solution  yields  on  evaporation  broAvn  acicular  crystals 
which  are  very  easily  decomposed.  (L.  Gmelin.)  When  protacetate  of 
manganese  is  mixed  with  excess  of  hydrocyanic  acid  and  the  mixture 
neutralised  by  potassa  and  evaporated,  oxygen  is  absorbed,  the  manganous 
cyanide  is  converted  into  manganic  cyanide  and  hydrated  manganic 
oxide,  and  the  manganic  cyanide  combining  with  the  cyanide  of  potassium 
yields  as  the  concentrated  solution  cools,  red  crystals,  the  formula  of 
which  is  3KCy  A Mn2Cy3.  (Mitscherlich.) 

SuLPHocYANiDE  OP  Manganese  is  a colorless  soluble  salt.  It  is  almost 
insoluble  in  absolute  alcohol. 

Borate  of  JManganese  is  precipitated  in  the  form  of  a white  powder 
when  solution  of  borate  of  soda  is  mixed  with  protosulphate  of  manga- 
nese. If  the  salt  of  manganese  be  mixed  with  a salt  of  magnesia,  borax 
occasions  no  precipitate,  and  the  borate  is  itself  soluble  in  sulphate  of 
magnesia.  (Berzelius.) 

Characters  of  the  Salts  of  Manganese.  The  salts  of  manganese, 
containing  the  protoxide,  are  mostly  soluble  in  water : the  solution  is 
colorless  or  slightly  pink,  of  a bitterish  astringent  taste,  and  often  becomes 
turbid  and  brown  by  exposure  to  air.  They  are  not  precipitated  by  sul- 
phuretted hydrogen,  by  hydriodic  acid,  or  by  tincture  of  galls;  they 
furnish  white  precipitates  with  the  alkalis,  which  soon  become  discolored 
by  exjiosLire  to  air.  The  alkaline  carbonates  throw  down  white  precipi- 
tates, which  gradually  assume  a hue  of  purple;  they  are  precipitated 
white  by  ferrocyanide  of  potassium,  and  flesh -colored  or  reddish-brown  by 
hydrosulphuret  of  ammonia.  Ammonia  only  throws  down  half  the  oxide 
and  forms  a triple  salt  with  the  remainder;  or,  if  there  be  excess  of  acid, 
the  triple  salt  only  is  formed,  and  there  is  no  precipitation.  Manganese 
is  not  thrown  down  in  the  metallic  state  by  any  of  the  other  metals. 
When  peroxide  of  lead  is  heated  with  dilute  nitric  acid  and  a solution  of 
manganese  then  added,  the  liquid  acquires  the  purple  tint  of  permanganic 
acid,  which  is  readily  perceptible  as  the  peroxide  subsides ; by  this  test 
very  minute  traces  of  manganese  may  be  discovered.  (W.  Crum.) 
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Before  tlie  blow-pipe,  oxide  of  manganese  gives,  with  microcosmlc 
salt,  in  the  exterior  flame,  a fine  amethyst  color,  which  disappears  in  tlie 
interior  flame.  With  borax  it  gives  a yellowish  or  reddish  glass.  Any 
compound  of  manganese  fused  on  a platinum  wire  with  carbonate  of 
soda  forms  green  manganate  of  soda  : the  addition  of  a little  nitre  adds 
to  the  delicacy  of  this  characteristic  test.  When  the  manganese,  from 
its  combination  with  iron,  or  any  other  cause,  does  not  produce  a suffi- 
ciently intense  color  in  the  glass,  a little  nitre  may  be  added  to  it  while 
in  a state  of  fusion,  and  the  glass  then  becomes  dark -violet  while  hot, 
and  reddish-violet  when  cool. 

§ IX.  IRON.  Fe.  28. 

The  most  important  native  combinations  of  iron,  whence  the  immense 
supplies  for  the  arts  of  life  are  drawn,  are  the  oxides  and  carbonates : 
it  is  also  found  combined  with  sulphur,  and  with  several  acids,  and  is  a 
very  common  component  of  a variety  of  mineral  products.  It  is  found 
in  small  quantity  in  some  animal  and  vegetable  bodies,  and  in  several 
mineral  Avaters.  The  alcliymists  distinguished  it  by  the  name  and  symbol 
of  Mars,  (^.  It  has  been  knoAvn  from  a very  remote  period,  and  was 
employed  in  the  time  of  Moses  for  cutting  instruments. 

Iron  is  a metal  of  a grey  color,  fusible  at  a white  heat,  but  Avith  great 
difficulty  Avhen  it  is  perfectly  pure  and  free  from  oxygen,  sulphur,  and 
carbon.  The  actual  fusing-point  of  pure  iron  has  not  been  accurately 
determined  : it  requires  the  highest  heat  of  a Avind-furnace  to  run  doAvn 
soft  iron  nails  into  a button,  and  therefore,  according  to  Daniell,  a tem- 
perature equal  to  about  3300°  in  the  language  of  Fahrenheit’s  scale.  Its 
texture  A^aries  Avith  the  method  of  Avorking  it;  in  bars  or  Avire  it  appears 
longitudinally  fibrous,  but  AAdien  it  has  been  long  kept  at  a red-heat  it 
acquires  a crystalline  texture  and  has  a tendency  to  cuboidal  fracture. 
Its  specific  graAuty  is  7"77  to  7'8.  Its  specific  heat  is  0T1370.  (Reg- 
NAULT.)  Upon  the  same  authority  the  specific  heat  of  cast-steel  is 
0‘ 11848,  and  that  of  cast  iron  OT 27*28.  It  is  the  hardest  and  toughest 
of  the  ductile  metals  : it  may  be  draAvn  into  extremely  fine  Avire,  but 
cannot  be  hammered  out  into  very  thin  leaves;  it  is  very  tenacious;  and 
at  a bright-red  or  orange-heat  it  admits  of  being  melded  or  joined  by 
hammering  to  another  piece  of  the  red-hot  metal.  (This  property  of 
welding  belongs  also  to  platinum  and  to  sodium,  but  not  to  other  metals.) 
It  is  attracted  by  the  magnet,  but  does  not  retain  magnetism  Avhen  pure; 
and  at  a bright-red  heat  becomes  apparently  indifferent  to  it.  (See 
Faraday,  Phil.  Trans. 1846,  Part  I.)  At  a very  elevated  temperature, 
iron  shows  symptoms  of  volatility.  AVhen  in  a very  finely  divided  state, 
as  Avhen  reduced  from  the  pulverulent  oxide  by  hydrogen  gas  at  a red- 
heat,  it  is  said  not  to  conduct  electricity ; but  this  is  probably  an  error, 
although  in  its  ordinary  state  it  stands  comparatively  Ioav  upon  the  list  of 
the  metals  arranged  in  the  order  of  their  condueting  poAver.  (Davy. 
Becquerel.)  The  atomic  Aveight  of  iron  upon  the  hydrogen  scale  ranges 
betAveen  27  and  28.  The  researches  of  Berzelius  give  27*16;  of  Stromeyer 
27*8;  of  Gay  Lussac  28*3.  Turner  observes,  in  reference  to  these  num- 
bers, deduced  from  the  analyses  of  the  oxides.,  “ In  the  uncertainty  as  to 
Avhich  is  the  most  accurate,  I shall  continue  to  use  28,  the  number  gene- 
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rally  adopted  in  this  country.’'  Gmelin  adopts  27;  Graham  27*18.  Re- 
ferring, however,  to  the  analyses  of  the  oxides,  as  well  as  to  other  com- 
pounds, the  whole  numher  which  most  correctly  represents  the  combining 
weight  of  iron  is  28,  which  therefore  1 have  retained. 

Xalive  Iron.  Iron,  in  a state  approaching  purity,  is  found  among 
the  grains  of  platinum  from  the  Uralian  mines,  and  a thin  vein  of  it  is 
said  to  have  been  discovered  in  chlorite  slate  near  Canaan,  in  the  United 
States  of  America.  The  term  native  iron  is  usually  applied  to  the  extra- 
ordinary detached  masses  of  the  metal  which  are  of  meteoric  origin.  In 
this  state  it  is  flexible,  generally  more  or  less  cellular,  and  often  contains 
a green  substance  of  a vitreous  appearance,  Avhich  is  a silicate  of  iron 
and  magnesia  (meteoric  olivin?)  It  has  been  found  in  Africa  and 
America,  and  in  Siberia,  where  a mass  of  it,  weighing  1600  lbs.,  was 
discovered  by  Professor  Pallas.  The  mass  found  in  Peru,  described  by 
Don  Rubin  de  Celis,  weighed  15  tons.  In  the  year  1751,  a mass  of  the 
same  substance  was  seen  to  fall  from  the  atmosphere  in  Croatia,  appear- 
ing, it  is  said,  as  a large  globe  of  fire;  it  is  preserved  in  the  Imperial 
Museum  of  Vienna.  (See  Nickel.) 

Exposed  to  heat  and  air,  iron  absorbs  oxygen,  and  becomes  superii- 
cially  converted  into  a fusible  oxide ; when  ex2:)osed  to  damp  atmospheric 
air,  it  becomes  encrusted  by  a brown  substance,  called  rust^  which  is  also 
an  oxide  of  iron.  When  iron  is  in  a state  of  extreme  mechanical  division 
its  affinity  for  oxygen  is  such  that  it  heats  and  even  ignites  on  exposure 
to  air,  and  burns  into  an  oxide  ; this  is  the  case  Avith  the  metal,  as  it 
is  obtained  by  the  action  of  hydrogen  upon  red-hot  oxide  of  iron,  and 
Avhen  thus  reduced,  at  a temperature  not  sufficient  to  cause  the  adhesion  of 
the  particles  of  the  metal,  and  suffered  to  cool  in  an  atmosphere  of 
hydrogen,  it  requires  the  same  precautions  for  its  preservation  in  the  me- 
tallic state  as  potassium.  In  a dense  mass,  iron  is  not  affected  by  dry 
air,  and  it  even  retains  its  polish  Avhen  immersed  in  pure  distilled  water 
which  has  been  deprived  of  air  by  long  boiling ; but  in  common  Avater, 
or  in  Avater  exposed  to  air,  it  soon  rusts,  more  especially  Avhere  it  is  in 
contact  both  of  air  and  Avater;  and  in  these  cases  the  change  is  often 
very  rapid,  and  depends  upon  the  oxygen  Avhich  the  Avater  takes  from  the 
air,  and  carries  in  a state  of  solution  to  the  iron.  This  oxidizement  by 
Avater  is  prevented  by  the  presence  of  alkalis ; and  in  lime  Avater,  or  in  a 
Aveak  solution  of  ammonia,  potassa,  or  soda,  the  metal  keeps  its  lustre 
for  years ; but  all  acid  and  most  neutral  salts  appear  to  have  an  opposite 
effect.  The  cause  of  this  protection  is  not  obvious  : it  has  been  ascribed 
to  the  absorption  by  the  alkali  of  carbonic  acid,  and  to  the  expulsion  of 
the  air  in  Avater  Avhen  the  alkali  is  dissolved ; but  carbonic  acid  is  not 
necessarily  present  Avhen  iron  thus  rusts  under  water,  and  there  is  no 
evidence  of  the  expulsion  of  the  AA’hole  of  the  air  by  the  small  quantity  of 
alkali  Avhich  Avill  prevent  rust.  By  the  contact  of  zinc,  iron  is  protected 
from  all  common  sources  of  oxidizement  and  corrosion.  In  deep  Avater, 
according  to  E.  Dav}",  a black  and  not  a red  oxide  is  formed ; and  in  sea 
AAaiter  cast  iron  is  often  converted  into  a substance  somewhat  resembling 
plumbago  ; hut  these  changes  generally  refer  to  cast  iron  or  other  impure 
forms  of  the  metal,  and  are  frequently  referable  to  voltaic  action. 


Oxides  of  Irox.  Iron  is  susceptible  of  four  definite  degrees  of 
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oxidizement,  forming  a proioxide^  which  has  not  been  isolated,  but 
which  is  the  basis  of  a series  of  well-defined  salts ; a sesquioxide^  gene- 
rally termed  red  oxide  or  peroxide;  a black  intermediate  oxide,  known 
also  under  the  name  of  magnetic  oxide;  and  a hyperoxide^  generally  called 
ferric  acid,  but  which,  like  the  protoxide,  has  not  been  isolated.  The 
formulas  of  these  compounds  of  iron  and  oxygen  are  as  follow  : — 


1 Protoxide FeO 

2 Sesquioxide Fe203 

3 Black  oxide FesOt 

4 Ferric  acid  FeOs 


Protoxide  of  Iron.  Ferrous  Oxide.  FeO.  When  a solution  of 
potassa  is  added  to  a solution  of  a pure  protosalt  of  iron,  every  precau- 
tion being  taken  to  exclude  the  presence  of  oxygen,  a white  precipitate 
falls,  which  is  a hydrate  of  p)rotoxide  of  iron : it  is  very  difficult  to  wash 
and  dry  it  under  the  entire  exclusion  of  air,  but  when  this  is  done,  it  is 
a pale  greenish  friable  substance,  not  magnetic,  and  immediately  absorb- 
ing oxygen  when  exposed  to  air  so  as  to  become  hot,  or  even  ignited,  and 
converted  into  peroxide  : it  rapidly  absorbs  carbonic  acid,  and  dissolves 
in  the  dilute  acids.  When  boiled  in  water  it  blackens,  being  converted 
into  a hydrate  of  the  magnetic  oxide  (according  to  Wohler) ; or  perhaps, 
if  air  he  always  cautiously  excluded,  into  an  anhydrous  protoxide ; but 
in  the  presence  of  any  oxygen,  it  becomes  first  of  a dingy  green,  and 
then  yellow-brown.  These  green  and  brown  products  are  either  hydrates 
of  the  magnetic  and  of  the  peroxide,  or  different  states  of  hydration  of 
the  peroxide.  When  pure  iron  is  carefully  dissolved  in  dilute  sulphuric 
acid,  a sulphate  of  the  protoxide  is  formed  : the  iron  is  oxidized  by  the 
decomposition  of  the  water,  so  that  the  hydrogen  which  is  evolved  be- 
comes the  indicator  of  the  quantity  of  oxygen  with  which  a given  weight 
of  iron  has  combined,  and  this  is  at  the  rate  of  1 grain  of  hydrogen  for 
every  28  of  iron  which  is  dissolved,  and  which,  therefore,  has  combined 
with  8 of  oxygen.  Again,  we  find  the  composition  of  the  protoxide  of  iron 
deduced  from  the  experiments  of  Berzelius  and  of  Gay  Lussac  to  be  77’78 
iron,  and  22*22  oxygen  per  cent.;  and  22*22  : 77’78  : : 8 : 28*003,  so 
that  thus  far  the  number  28  accurately  represents  the  atomic  weight 
of  iron  upon  the  hydrogen  scale,  and  the  protoxide  will  therefore  con- 


sist of 

Dobereiner.  Bucholz.  Berzelius.  Gay  Lussac. 

Iron  1 ....  28  ....  77’77  ....  76-9  ....  77  . ..  77-62  ....  77-94 

Oxygen 1 ....  8 ....  22-23  ....  23*1  ....  23  ....  22-38  ....  22  0G 


Protoxide  of  iron  1 36  100*00  100*0  100  100*00  100-00 

The  salts  of  the  protoxide  of  iron  (protosalts  of  iron)  when  crystal- 
lized or  hydrated,  are  mostly  greenish-blue,  but  white,  or  nearly  so,  when 
anhydrous.  In  aqueous  solution  they  have  an  inky  taste,  and  are  very 
prone  to  pass  into  salts  of  peroxide.  The  fixed  alkalis  throw  down  their 
oxide  as  hydrate,  which,  at  first  white  or  pale  green,  rapidly  becomes 
dark  green  and  brown  by  exposure.  With  ammonia  only  half  the  oxide 
is  precipitated,  and  the  residue  remains,  forming  a green  solution,  which, 
on  exposure,  becomes  covered  with  a brown  film  : this  solution  is  at  once 
formed,  if  sal-ammoniac  be  previously  added  to  the  solution  of  the  proto- 
salt, and  then  ammonia  occasions  no  precipitate.  Carbonate  of  potassa 
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and  of  soda,  and  sesquicarbonate  of  ammonia,  throw  down  a white  pro- 
tocarbonate of  iron,  which  soon  becomes  brown,  and  which,  if  solution 
of  sal-ammoniac  be  added,  is  redissolved,  forming  the  solution  just  men- 
tioned. Bicarbonates  of  potassa  and  soda  produce  the  same  precipitate, 
unless  the  solution  be  very  dilute,  in  which  case  the  mixture  is  clear,  but 
deposits  protocarbonate  of  iron  if  boiled,  and  exposed  to  air  it  gradually 
lets  fall  hydrated  oxide.  Sulphuretted  hydrogen  does  not  precipitate  the 
salts  of  the  protoxide  of  iron  with  the  stronger  acids;  but  the  alkaline 
hydrosulphurets  throw  down  a black  protosulphuret  of  iron,  insoluble  in 
the  precipitant,  but  easily  soluble  in  hydrochloric  acid.  Phosphate  and 
arseniate  of  soda  give  white  precipitates  which  become  bluish  and  green- 
ish by  air.  With  ferrocyanide  of  potassium  these  salts  give  a white 
precipitate  if  entirely  free  from  peroxide,  otherwise  pale  blue ; with  ses- 
quiferrocyanide  they  give  Prussian  blue  even  when  very  dilute.  Tincture 
of  galls  does  not  immediately  discolor  a solution  of  pure  protosalt,  but  if 
an  alkali  be  added,  or  a trace  of  peroxide  present,  a purple  tint  ensues. 
The  solutions  of  the  protosalts  of  iron  absorb  nitric  oxide  gas ; those 
which  are  insoluble  in  Avater  are  soluble  in  aqueous  hydrochloric  acid. 

Sesquioxide  of  Iron.  Peroxide  of  Iron.  Ferric  Oxide.  Fe2 
03.  When  a protosalt  of  iron  is  boiled  with  nitric  or  nitrohydrochloric 
acid,  it  becomes  peroxidized,  and  on  adding  ammonia,  a broAvn  hydrated 
precipitate  falls,  Avhich,  Avhen  Avashed  and  ignited,  is  the  sesquioxide. 
When  protosulphate  of  iron  is  decomposed  by  a A^ery  high  temperature,  a 
red  poAvder  remains,  Avhich  is  also  the  peroxide,  and  Avhich  AA^as  formerly 
called  colcothar.  It  is  also  formed  by  deflagrating  iron  filings  Avith  nitre, 
and  Avashing  the  residue:  this  constituted  the  Saffron  of  Mars  {Crocus 
Martis)  of  ancient  pharmacy.  The  color  of  the  peroxide  of  iron  varies 
according  to  the  mode  of  its  formation  and  the  temperature  to  Avhich  it 
has  been  subjected  : it  is  generally  a reddish  or  yellow-broAvn  poAvder, 
Avhich  acquires  a darkened  hue  by  a moderate  red-heat,  and  is  not  mag- 
netic. When,  hoAvever,  it  has  been  long  and  strongly  heated,  portions 
of  it  sometimes  become  magnetic.  It  consists  of 

Gay 

Dobereiner.  Berzelius.  Stromeyer.  Lussac.  Bucholz. 

Iron 2 ....  56  ....  70  ....  69  ....  69*22  ....  69*85  ....  70*27  ....  70*42 

Oxygen  3 ....  24  ....  30  ....  31  ....  30*78  ....  30*15  ....  29*73  ....  29*58 

Peroxide  of  iron  1 80  100  100  100*00  100*00  100*00  100  00 

This  oxide  of  iron  is  a Aveak  base,  or  Avhat  has  sometimes  been  called 

an  indifferent  oxide:  its  salts  generally  have  a brown  color  and  an  acid 
reaction,  and  Avhen  A^ery  dilute  their  solutions  are  decomposed  by  boiling, 
in  Avhich  case  the  acid  of  the  salt  combines  Avith  the  Avatei*  and  the 
peroxide  is  precipitated.  In  some  cases  this  oxide  even  acts  as  an  acid. 
It  is  throAvn  doAvn  from  its  solutions  by  ammonia,  potassa,  and  soda,  in 
the  form  of  a bulky  broAvn  or  orange  hydrate^  and  in  that  state  is  easily 
redissolved  by  acids ; but  AAdien  it  has  been  Avell  dried  and  exposed  to  an 
intense  heat,  it  becomes  intractable,  and  difficultly  acted  upon  by  the 
greater  number  of  the  acids.  When  dried  at  212°,  it  is  2Fe203  + 3H0 ; 
at  400°  it  becomes  Fe203  + HO.  A temperature  exceeding  500°  is  required 
to  drive  off  the  Avhole  of  the  Avater.  (Yorke.  Mein.  CJi.  Aoc.,  II.  325.) 
After  long  exposure  to  air,  it  almost  ahvays  contains  traces  of  ammonia. 


71(3 


OXIDES  OF  IRON. 


When  precipitated  by  excess  of  the  fixed  alkalis  or  tlieir  carbonates,  it 
carries  down  a portion  of  the  alkali,  which  cannot  be  entirely  removed 
^ by  washing,  and  if  the  alkali  be  not  in  excess,  the  precipitated  oxide  is 
not  free  from  the  acid  or  from  a subsalt : hence  the  necessity  of  precipi- 
tating by  excess  of  ammonia^  when  the  resulting  hydrated  oxide  may  be 
deprived  by  heat,  both  of  Avater  and  of  excess  of  the  precipitant.  When 
certain  organic  substances  are  present  in  solutions  of  this  oxide,  they 
preveiit  its  precipitation  by  the  alkalis.  This  is  tlie  case  with  the  serum 
of  the  blood,  and  with  hot  solutions  of  gelatin,  starch,  gum  arabic,  starch 
sugar  and  diabetic  sugar,  glycerine,  and  mannite.  Tartaric,  citric,  malic, 
mucic,  kinic,  and  pectic  acids,  produce  the  same  effect.  This  oxide  of 
iron  is  easily  reduced  by  the  action  of  hydrogen  at  a temperature  even 
below  redness.  When  gently  heated  with  charcoal,  it  is  converted  into 
magnetic  oxide,  and  at  a high  temperature  is  reduced. 

Pliosphate  and  arseniate  of  soda  give  white  precipitates  even  in  very 
dilute  solutions  of  the  salts  of  peroxide  of  iron  : with  the  alkaline  hydro- 
sulphurets  they  afford  black  precipitates,  the  whole  of  the  iron  being 
thrown  down  as  sulphuret ; with  succinate  and  with  benzoate  of  am- 
monia they  give  reddish-brown  precipitates,  provided  there  be  no  excess 
of  acid ; under  the  same  circumstances  they  are  blackened  by  tincture  of 
galls  even  when  in  a state  of  extreme  dilution.  (Excess  of  acid  being 
removed  by  ammonia,  1 part  of  peroxide  of  iron  in  300,000  of  water  is 
sensible  to  this  test.)  Sulphocyanic  acid  and  the  alkaline  sulphocyanides 
give  a blood-red  tint  to  the  solutions  of  the  persalts  of  iron  which  is  very 
characteristic,  even  when  they  are  largely  diluted.  Ferrocyanide  of  potas- 
sium is  also  a most  sensible  test  of  their  presence,  which  it  indicates  by 
the  formation  of  Prussian  blue.  All  the  persalts  of  iron  which  are 
insoluble  in  water  are  soluble  in  or  decomposed  by  hydrochloric  acid. 

Black  Oxide  of  Iron.  Deutoxide  of  Iron.  Ferroso-ferric 
Oxide.  Fe304;  or  Fe0,Fe203.  The  octohedral  magnetic  iron  ore  appears 
to  be  a definite  compound  of  the  two  oxides  as  represented  by  the  pre- 
ceding formula.  According  to  Gay  Lussac  a similarly  constituted  oxide 
is  formed  by  passing  the  vapor  of  water  over  red-hot  iron  in  a porcelain 
tube.  (Ann.  de  Chini.,  Lxxx.,  and  A7m.  Ch.  et  P/i.,  i.)  The  scales  of  iron 
obtained  from  the  smith’s  forge,  the  oxide  formed  ivlien  iron  is  burned 
in  oxygen  gas  (p.  273),  and  the  black  powder  formed  by  the  action  of 
air  on  moistened  iron  filings,  and  formerly  called  Martial  Ethiops^  are 
allied  to  this  deutoxide,  but  in  these  the  protoxide  or  peroxide  may  occa- 
sionally predominate,  so  that  they  can  scarcely  be  regarded  as  definite  in 
their  composition.  Liebig  and  Wohler  produced  this  oxide  by  mixing 
dry  protochloride  of  iron  with  excess  of  carbonate  of  soda,  calcining  the 
mixture  in  a crucible,  and  treating  the  mass  with  water;  the  double 
oxide  remained  as  a black  powder,  capable  of  being  washed  and  dried 
without  change  : by  dissolving  this  oxide  in  hydrochloric  acid,  and  pre- 
cipitating by  ammonia  they  obtained  it  in  the  state  of  hydrate;  it  was 
attracted  by  a magnet  even  when  suspended  in  water.  “When  ignited 
and  anhydrous,  this  double  oxide  is  much  more  magnetic  than  iron 
itself.”  (Graham.) 

The  follo^ving  is  Mr.  Mercer’s  method  of  preparing  this  oxide  (T.  S. 
Thomson.  Mem.  Chem.  Soc.y  Novr.  1841):  “Take  a pound  of  crystal- 
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lized  protosiilphate  of  iron,  dissolve  it  in  water,  and  add  nitric  acid  in 
sufficient  quantity  to  peroxidize  it,  and  afterwards  carefully  expel  all  excess 
of  nitric  or  nitrous  acid,  by  boiling.  To  this  add  one  pound  of  the  pro- 
tosulpliate  of  iron  with  water  sufficient  for  its  solution.  Pour  the  mix- 
ture into  a solution  of  caustic  potash,  sufficient  in  quantity  and  strength 
to  decompose  the  whole.  The  precipitate  thus  thrown  down  consists  of 
a mechanical  mixture  of  the  protoxide  and  peroxide  of  iron,  atom  to 
atom  ; raise  the  temperature  of  the  mixture  to  212°,  and  their  chemical 
union  is  elfected.  That  sucli  is  the  change  is  proved  by  dipping  into  the 
mixture,  previous  to  boiling  it,  a piece  of  clean  cotton  cloth,  which  after 
exposure  to  the  air  for  a few  minutes,  and  Avashing  in  Avater,  exhibits  the 
buff  stain  peculiar  to  peroxide  of  iron;  but  after  boiling,  a dirty  black 
stain  is  obtained,  indicating  the  formation  of  a definite  oxide.”  This  is 
further  proAX'd,  Mr.  Thomson  adds,  by  the  oxide,  after  boiling,  having  a 
crystalline  structure  Avhen  examined  under  the  microscope,  the  minute 
plates  having  a broAvii  color,  and  being  transparent,  lie  observes  that 
this  oxide,  either  dry  or  suspended  in  Avater,  is  Avell  adapted  from  its 
extreme  susceptibility  of  magnetism,  to  indicate  the  direction  of  mag- 
netic currents,  the  curve  described  by  BreAvster  bein^);  Avell  exemplified 

ijy  it- 

The  composition  of  the  true  deutoxide,  in  reference  to  Gay  Lussac’s 
analysis,  is 

Gay  Lxissac.  Despretz,  Berzelius. 

Iron  3 ....  84  ....  72*41  ....  72*5  ....  72*46  ....  71*86 

Oxygen  4 ....  32  ....  27*5!)  ....  27*5  ....  27*54  ....  28*14 


Deutoxide  of  iron  1 116  100*00  100*0  100*00  100*00 

The  salts  of  this  oxide  are  obtained  either  by  oxidizing  the  protosalts 
or  deoxidizing  the  persalts,  or  by  mixing  the  protosalts  and  persalts,  or 
by  the  solution  of  the  deutoxide  in  acids.  Like  the  protosalts,  they  2)ass 
by  oxidizement  into  persalts,  and  many  substances,  such  as  sulphuretted 
hydrogen, &c.,  change  them  by  abstraction  of  oxygen,  into  protosalts.  They 
may  be  regarded  as  mixtures  of  protosalts  and  persalts,  to  one  or  other  of 
Avhich  many  of  their  reactions  belong.  The  dark  green  or  broAvn,  or  the 
black  precipitate  Avhich  they  afford  Avith  alkalis,  and  the  blue  Avith 
cyanide  of  potassium,  are  their  peculiar  characters  ; in  common  Avith  the 
2)rotosalts,  the}"  give  a blue  precipitate  vith  ferrideyanide  of  potassium, 
and  their  reactions  in  respect  to  meconic  acid,  tincture  of  galls,  siilpho- 
cvanic  acid,  and  ferrocyanide  of  potassium,  are  similar  to  those  of  the 
salts  of  the  peroxide. 

Ferric  Acid.  Fe03.  This  compound  Avas  discoA^red  by  Fresny 
during  his  researches  on  the  metallic  acids.  (Conipies  licndus^  Jan. 
1841.  Phil.  Mag.,  JMay,  1841.)  It  has  also  been  described  by  J.  1). 
Smith,  Avho  gives  the  folloAving  as  the  preferable  mode  of  forming  it. 
(^Chem.  Gaz.,  June,  184.3.)  Pure  and  finely  diyided  oxide  of  iron  is 
mixed  Avith  four  parts  of  dried  nitre,  and  exposed  for  about  an  hour  to 
a full  red-heat  in  a covered  crucible  : the  result  is  a dark  deliquescent 
reddish-broAvn  porous  mass,  Avhich  should  be  pOAvdered  Avhile  Avarm,  and 
put  into  a stopped  phial:  it  is  ferrate  of  polassa : its  solution  sliould  be 
made  Avitli  ice-cold  Avater : it  has  an  amethystine  tinge  so  deep  as  to  be 
nearly  opaque,  and  gradually  evolves  oxygen,  and  deposits  sesquioxide  of 
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iron : this  decomposition  is  perfect  at  212°,  and  the  liquid  remains 
colorless  : sulphuric  and  nitric  acids  evolve  oxygen ; hydrochloric  acid, 
chlorine ; and  oxalic  acid,  carbonic  acid  and  oxygen.  Salts  of  baryta 
thro'w  down  a bulky  red  precipitate  i^feri'ate  of  haryia.)  (Smith  has 
shown  the  probability  of  the  existence  of  another  acid  of  iron,  containing 
less  oxygen.)  Fresny,  in  a subsequent  paper,  has  given  further  details 
respecting  the  preparation  of  the  ferrates.  {Ann.  Ch.  et  Ph.,  Nov.  1844.) 
Ferric  acid  consists  of 


Iron  1 ...  28  ....  53-84 

Oxygen 3 ....  24  ....  46-16 


Ferric  acid 1 52  100*00 


Ferrate  of  Baryta.  Ba0,Fe03.  When  a solution  of  ferrate  of 
potassa  is  added  to  a dilute  solution  of  a harytic  salt  a bulky  crimson 
precipitate  falls,  which  may  be  washed  and  dried  at  212°.  When  care- 
fully heated,  it  loses  water  and  becomes  green,  but  at  a higher  tempera- 
ture oxygen  is  evolved ; before  drying,  it  is  decomposed  by  acids,  even  by 
carbonic  acid,  though  but  slowly  by  sulphuric  acid.  The  hydrated  salt 
is  Ba0,Fe03  + H0,  or 


D.  Smith. 

Baryta  1 ....  77  . ..  55-79  ....  52-81 

Ferric  acid  1 ....  52  ....  37‘67  ....  40  86 

Water  1 ....  9 ....  6-54  ....  6*33 


Hydrated  ferrate  of  baryta  ....  1 138  100*00  100*00 

Native  Oxides  of  Iron.  These  constitute  a very  extensive  and  im- 
portant class  of  metallic  ores.  They  vary  in  color,  depending  upon  mere 
texture  in  some  cases;  in  others,  upon  the  degree  of  oxidizement.  Some 
are  magnetic,  and  those  which  contain  least  oxygen  are  attracted  by  the 
magnet.  From  these  oxides  the  commercial  demands  for  iron  are  largely 
supplied  : an  outline  of  this  manufacture  will  be  given  at  the  end  of  this 
Section,  when  the  other  combinations  of  the  metal  have  been  described. 
The  following  are  some  of  the  principal  miiieralogical  varieties  of  the 
oxides  of  iron.  (1.)  Magnetic  iron  ore  {Per  oxidule)  is  generally  black, 
with  a slight  metallic  lustre.  It  occurs  massive  and  octohedral.  It  is 
often  powerfully  magnetic ; its  specific  gravity  is  4*5.  It  occurs  chiefly 
in  primitive  countries,  and  is  abundant  at  Roslageii  in  Sweden,  where  it 
is  manufactured  into  a bar-iron  j)‘^i’ticularly  esteemed  for  making  steel. 
(2.)  Another  variety  of  native  oxide  of  iron  is  called  iron-glance.,  spe- 
cular., micaceous  iron-ore  {Per  oligistc.)  It  is  found  crystallized  of 
singular  beauty,  in  the  Isle  of  Elba,  and  occasionally  among  the  volcanic 
products  of  Vesuvius  and  the  Lipari  Islands.  The  crystals  are  derived 
from  a rhomboid.  Its  specific  gravity  is  5*0  to  5*2;  it  yields  a reddish 
powder.  (3.)  PlcBinatite.,  or  red  iron-stone  .*  it  occurs  in  globular  and 
stalactitic  masses,  having  a fibrous  and  diverging  structure.  It  is  some- 
times cut  into  instruments  used  for  burnishino:;  its  densitv  is  4*8  to  5.  It 
abounds  near  Ulverstone  in  Lancashire,  and  much  of  our  iron-plate  and 
Avire  is  made  from  it.  Sometimes  it  is  of  a brown,  black,  or  ochraceous 
color.  This,  as  Avell  as  the  iron-glance,  is  a sesquioxide,  and  does  not 
affect  the  magnet.  There  are  also  several  varieties  of  hydrated  jjeroxide 
of  iron.,  such  as  the  fibrous  brown  or  black  heematite,  the  lenticular. 
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granular,  and  pisiform  iron  ore  {Fer  limoneux)^  and  varieties  of  ochre 
and  umber.  The  granular  variety  supplies,  according  to  Berthier,  the 
principal  iron  furnaces  of  France:  its  specific  gravity  is  3*9:  its  powder  is 
yellowish -brown,  and  it  is  more  easily  soluble  in  acids  than  the  anhydrous 
ores  : it  often  passes  into  the  next  variety.  There  are,  according  to 
Colonel  Yorke,  3 native  hydrates  of  peroxide  of  iron,  namely  Fe203-1- 
HO;  2Fe2  03, -p  3HO;  and  a third  containing  single  equivalents  of  the 
preceding.  {Mem.  Ch.  Soc..^  II.  323.)  (4.)  A fourth  variety  of  oxide 

of  iron  is  known  under  the  term  of  clay  iron-stone.,  on  account  of  the 
quantity  of  argillaceous  earth  with  which  it  is  contaminated.  It  is  found 
in  masses  of  different  shapes  and  sizes,  and  sometimes  in  small  rounded 
nodules  like  peas.  Some  of  the  globular  masses  are  called  celites.  The 
iron-ore  of  the  coal  formations  of  Shropshire,  South  Wales,  Staffordshire, 
and  Scotland,  (which,  though  far  from  the  purest  ore  found  in  this 
country,  is  the  principal  source  of  the  cast  and  bar  iron  in  ordinary  use,) 
is  chiefly  a carbonate. 

Iron  and  Chlorine.  There  are  twm  chlorides  of  iron,  corresponding 
in  composition  to  the  protoxide  and  sesquioxide. 

Protochloride  of  Iron.  FeCI,  may  he  obtained,  (1.)  By  passing 
dry  hydrochloric  acid  gas  over  red-hot  iron  wire  or  turnings ; or  (2.)  By 
digesting  clean  iron  filings  in  hydrochloric  acid,  in  which  case,  as  in  the 
former,  hydrogen  is  set  free  ; or  by  employing  protosulphuret  of  iron 
instead  of  metallic  iron,  when  sulphuretted  hydrogen  is  evolved : in  both 
cases  a green  solution  is  obtained,  which,  evaporated  out  of  the  contact  of 
air,  leaves  a residue  which  is  to  be  exposed  to  a red-heat.  (3.)  By  heat- 
ing a mixture  of  iron  filings  and  hydrochlorate  of  ammonia. 

Protochloride  of  iron  is  of  a grey  color,  and  after  fusion  acquires 
a foliated  crystalline  texture ; it  is  volatile  at  a high  red-heat,  and  may 
be  condensed  in  pale-grey  crystals.  When  heated  with  access  of  air, 
sesquichloride  of  iron  sublimes,  and  peroxide  of  iron  remains.  6FeCl-l- 
30=2[Fe2CL3]  -pFe203.  When  the  vapor  of  water  is  passed  over  it  at 
a dull  red-heat,  hydrochloric  acid  and  hydrogen  are  evolved,  and  black 
magnetic  oxide  of  iron  remains  in  the  tube.  3FeCl -1- 4H0r=:Fe304 -f- 
3HC1-1-H.  (Gay  Lussac.  Ann.  Ch.  et  Ph.^  xxii.  424.) 

Protochloride  of  iron  consists  of 


J.  Davy. 

Iron 1 ....  28  ....  43*7  ....  45*57 

Chlorine  1 ....  3G  ....  56*3  ....  53*43 


Protocliloride  of  iron 1 G4  100*0  100*00 


Hydrated  Protochloi'ide  of  Iron.  Dissolved  in  water  free  from  air, 
and  evaporated  in  vacuo,  this  chloride  furnishes  a crystallizable  hydrate. 
When  a saturated  solution  of  iron  in  hydrochloric  acid  is  evaporated,  air 
being  carefully  excluded,  it  yields  blue  rhombic  crystals  which  become 
green  in  the  air,  and  effloresce  in  air  dried  over  oil  of  vitriol,  into  a white 
powder.  Their  formula  is  FeCI,4HO. 

Bonsdorff. 


■: ; ....  03*95 

Chlorine  1 ....  3Gj 

Water 4 ....  3G  ....  3G*05 


Crystallized  quaterhydrated  protochloride  of  iron 


1 


100 


100*00 
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Sesquichlortde  OP  Iron.  Perciiloride  or  Iron.  Fe2Cl3,  (J.)  When 
fine  iron  wire  is  heated  in  excess  of  chlorine  it  burns  with  a red  light, 
and  this  coinj^ound  is  formed.  (2.)  A mixture  of  equal  weights  of  chloride 
of  calcium  and  calcined  sulpliate  of  iron,  heated  to  redness,  affords  a sub- 
limate of  sesquichloride.  Sesquichloride  of  iron  forms  brilliant  and  iri- 
descent brown  crystals,  volatile  at  a temperature  considerably  below  red- 
ness: they  consist  of 


J.  Davy. 

Iron  2 ....  5G  ....  34-14  ....  35-1 

Chlorine  3 ....  103  ....  65-86  ....  64-9 


Sesquichloride  of  iron  ....  1 164  100-00  100*0 

Hydrated  Sesquichloride  of  Iron.  Sesquichloride  of  iron  is  very 
deliquescent  and  rapidly  soluble  in  water,  with  the  evolution  of  heat; 
when  the  solution  is  evaporated  to  dryness  in  the  air,  hydrochloric  acid 
ultimately  passes  off,  and  peroxide  of  iron  remains.  A solution  of 
th  is  chloride  is  obtained  by  dissolving  peroxide  of  iron  in  hydrochloric 
acid;  it  forms  a deep-brown  liquid,  which,  when  concentrated  to  the  con- 
sistence of  a syrup  nearly,  and  then  exposed  to  cold,  yields  crystals,  the 
form  of  which  varies,  according  to  Mitscherlich,  with  their  respective 
quantities  of  water:  when  they  form  acicular  and  radiating  tufts,  they 
include  about  40  per  cent,  of  water,  being  Fe2Cl3,I2HO;  but  when  they 
form  larger  tabular  crystals,  they  contain  about  22  per  cent,  of  water,  and 
are  Fe2Cl3,5HO:  these  latter  are  best  obtained  by  placing  the  former  over 
a surface  of  oil  of  vitriol  under  a bell-glass:  they  deliquesce  into  a thick 
fluid,  which  gradually  passes  into  a mass  of  the  crystals  containing  5 atoms 
of  water.  (Fritzsche.)  When  a current  of  chlorine  is  passed  through 
a solution  of  protochloride  of  iron,  or  when  nitric  acid  is  gradually 
added  to  it  when  heated,  it  is  converted  into  sesquichloride.  If  a dilute 
solution  of  the  protochloride  be  exposed  for  some  days  to  the  atmosphere 
in  a tall  jar,  and  a few  drops  of  ammonia  be  then  introduced  at  different 
depths,  by  means  of  a glass  tube,  the  precipitate  near  the  surface  will  be 
green;  a little  lower,  blue;  still  lower,  grey;  then  of  a dirty  white; 
and,  at  the  bottom,  quite  white,  provided  the  solution  has  not  been  so 
long  exposed  as  to  have  become  oxidized  throughout.  The  sesquichloride 
is  soluble  in  alcohol  and  in  ether;  the  former  solution  is  the  Tinctura 
ferri  sesquichloridi  oi  the  Pharmacopoeia;  and  when  ether  is  agitated  with 
an  aqueous  solution  of  the  sesquichloride  it  acquires  a yellow  color. 

Ammonio-chlorides  of  Iron.  Protochloride  of  iron  absorbs  ammonia^ 
and  forms  a bulky  white  powder,  which  is  resolved  by  water  into  hydro- 
chlorate of  ammonia  and  hydrated  oxide  of  iron.  (Faraday.)  When  iron 
filings  are  boiled  in  a saturated  solution  of  sal-ammoniac,  hydrogen  and 
ammonia  are  evolved,  and  the  liquor  deposits  green  crystals  of  hydrated 
p)rotochlorkle  of  iron  and  ammonia.  (Berzelius.)  When  sesquichloride 
of  iron  is  exposed  to  ammonia,  it  is  slowly  absorbed,  and  the  com- 
pound furnishes  a clear  red  solution  with  water;  it  contains  about  9 per 
cent,  of  ammonia,  being  [NH3,Fe2C]3].  (H.  Rose.)  When  a mixed 
solution  of  sal-ammoniac  and  sesquichloride  of  iron  is  set  aside  to  crystal- 
lize, or  evaporated  in  vacuo  over  oil  of  vitriol,  it  furnishes  red  cubic 
crystals,  which  are  =:  [2NH4Cl,Fe2Cl3,2HO] . (Mitscherlich.)  They 
lose  1 atom  of  water  when  dried  at  150°,  and  the  other  when  dried 
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above  300°.  (Graham.)  AVben  bvclroclilorate  of  ammonia  and  sesqui- 
oxide  of  iron  are  mixed  and  exposed  to  lieat  in  a proper  sii1)liming  vessel, 
a yellow  sublimate  is  obtained,  wliicli  is  the  ens  veneris^  Jiorcs  mariialls^ 
and ammoniahim  of  old  jdiarmacy;  the  Ferri  ammonio-chloridiiin 
of  the  present  Pharmacopoeia  is  made  by  evaporating  a mixed  solution  of 
sesquicliloride  of  iron  and  sal-ammoniac  to  dryness:  it  consists  of  15  per 
cent,  sesquicliloride  and  85  sal-ammoniac,  and  when  decomposed  by  an 
alkali  yields  about  7 per  cent,  of  sesquioxide  of  iron.  (R.  Phillips.) 

PoTASSio-ciiLORiDES  OF  Iron.  When  concentrated  solutions  of  chlo- 
ride of  potassium  and  protochloride  of  iron  are  mixed,  and  gently  evapo- 
rated, green  hydrated  crystals  of  the  double  salt  are  formed.  (Berzelius.) 
With  chloride  of  potassium  and  perchloride  of  iron  evaporated  in  vacuo 
over  oil  of  vitriol,  yellow-red  crystals  are  obtained  = [2KCl,Fe203  + 
2110.]  (Fritzsche.) 

Protociilorate  of  Iron.  A colorless  solution  of  this  salt  is  obtained 
by  decomposing  protosulphate  of  iron  by  chlorate  of  baryta:  it  soon  loses 
its  neutrality,  acquiring  a cinnamon  color,  depositing  basic  perchlorate  of 
iron,  and  leaving  a deep  red  solution  of  perchlorate  and  perchloride  of 
iron.  (AYaeciii'er.) 

Protoperchlorate  of  Iron.  Tlie  filtrate  of  the  mixed  solution  of 
perchlorate  of  baryta  and  protosulphate  of  iron  in  atomic  proportions 
yields,  on  evaporation,  colorless  acicular  crystals,  ivliich  become  brown  on 
exposure  to  air.  (Serullas,  An?i.  Ch.  et  Ph.^  xLvi.  305.) 

Protiodide  of  Iron,  Fel,  is  formed  by  digesting  iron  turnings  or  wire 
with  iodine  in  water,  taking  care  to  have  excess  of  metal  present:  a green 
solution  is  obtained,  which,  by  evaporation  out  of  contact  of  air,  leaves  a 
grey  fusible  protiodide  of  iron.  It  is  soluble  in  water  and  alcohol,  but 
the  solution  absorbs  oxygen,  and  deposits  peroxide  of  iron,  unless  metallic 
iron  be  present;  so  that  to  preserve  it  unchanged  some  pieces  of  clean 
iron  wire  should  be  immersed  in  it.  (Squire.)  This  change  results  from 
the  decomposition  of  water,  hydriodic  acid  and  oxide  of  iron  being  formed. 
(R.  Phillips,  Jun.)  By  careful  evaporation  in  vacuo  crystals  of  a hy- 
drated protiodide  of  iron,  including  5 atoms  of  water,  may  be  obtained. 
Protiodide  of  iron  consists  of 

Iron  1 ....  28  ....  18‘2 

Iodine  1 ....  128  ....  81’8 

Protiodide  of  iron 1 154  lOO’O 

Periodide  of  Iron  has  not  been  examined,  or,  at  least,  not  satisfac- 
torily described:  according  to  Berzelius,  the  brown  powder  which  falls  on 
exposing  the  solution  of  the  protiodide  to  air,  is  a hydrated  suhperiudide. 
According  to  Squire  it  is  merely  peroxide  of  iron.  Dumas  says  that  we 
obtain  a solution  of  periodide  of  iron  by  dissolving  hydrated  peroxide  of 
iron  in  hydriodic  acid;  and  that  a compound  of  periodide  and  peroxide  of 
iron  is  thrown  down  when  a quantity  of  potassa  insufficient  for  its  total 
decomposition  is  added  to  that  solution. 
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loDATES  OF  Iron.  lodate  of  potassa  throws  down  a yellowish  preci- 
pitate in  solution  of  protosulphate  of  iron.  (Pleischl.)  This  appears  to 
be  a protiodate  of  iron.  Fe0,I05.  When  iodic  acid  or  iodate  of  potassa 
is  added  to  solution  of  perchloride  of  iron,  a white  precipitate,  soluble  in 
excess  of  the  perchloride,  falls:  it  is  soluble  in  500  parts  of  cold  water. 

Protobromide  of  Iron.  FeBr.  When  bromine  vapor  is  passed  over 
red-hot  iron  wire,  a yellow  crystalline  fusible  bromide  is  obtained,  readily 
soluble  in  water.  (^Ann.  Ch,  et  P/o,  xxxiii.  331.)  At  common  tempera- 
tures bromine  and  iron  act  but  feebly  on  each  other;  but  if  iron  filings, 
bromine,  and  water,  be  heated  together,  or  if  iron  be  dissolved  in  hydro- 
bromic  acid,  a solution  of  protobromide  of  iron  is  obtained.  It  yields 
tabular  rhombic  crystals  = FeBr,6HO.  The  components  of  protobro- 
inide  of  iron  are 

Berthemot. 

Iron  I ....  28  ....  26-43  ....  26-04 

Bromine  1 ....  78  ....  73-57  ....  7396 

Protobromide  of  iron  1 ’ 106  100-00  100-00 

When  iron  is  dissolved  in  excess  of  aqueous  bromine,  a brown  fu- 
sible substance  is  obtained  on  evaporation,  which,  when  heated,  gives  off 
bromine  and  a yellow  sublimate,  and  protobromide  of  iron  remains. 
(Lowmg.) 

Bromate  of  Iron.  Freshly  precipitated  peroxide  of  iron,  dissolved 
in  hydrobromic  acid,  and  evaporated  in  a water-bath,  leaves  a brown  mass, 
of  which  only  a small  part  is  soluble  in  water:  the  insoluble  residue  is 
==5Fe203,Br05,  -f  30HO.  (Rammelsberg,  Poggend.^  lv.  68.) 

‘ Fluorides  of  Iron.  When  iron  is  digested  in  hydrofluoric  acid,  a 
solution  is  obtained,  wdiich  affords  small  quadrangular  tabular  crystals; 
they  are  colorless,  and  dif&cultly  soluble  in  water.  Heated  rapidly  in 
the  air,  this  salt  is  decomposed;  but  if  its  water  of  crystallization  be 
slowdy  and  carefully  expelled,  it  then  may  be  fused  into  a ivne  fluoride  of 
iron.  When  hydrated  peroxide  of  iron  is  dissolved  in  hydrofluoric  acid, 
it  forms  a colorless  solution,  which  yields  flesh-colored  crystals,  slowly 
soluble  in  water.  Ammonia  throws  down  a yellow  precipitate,  W'hich  is 
a subfluoride:  a double  fluoride  of  potassium  and  iron  is  obtained  in 
colorless  crystals,  when  a mixed  solution  of  those  fluorides  is  evaporated. 
(Berzelius.) 

Nitruret  of  Iron.  When  ammonia  is  passed  over  ignited  iron 
wire,  the  whole  of  the  hydrogen  and  much  of  the  nitrogen  of  the  ammonia 
are  disengaged,  but  a portion  of  the  nitrogen  is  retained  in  permanent 
combination  wdth  the  iron,  varying  from  6 or  7 to  10  or  11  percent. 
The  resulting  compound  is  w'hite,  brittle,  and  even  friable;  it  is  magnetic, 
and  is  more  acted  on  by  air  and  w^ater  than  iron:  it  is  specifically  lighter 
than  iron,  its  density  being  about  5.  When  very  strongly  heated,  it  loses 
its  nitrogen,  but  the  iron  retains  the  appearance  of  the  compound:  the 
acids  act  upon  it  as  upon  iron,  but  disengage  a mixture  of  hydrogen  and 
nitrogen;  besides  which,  ammonia  is  formed,  which  remains  in  combina- 
tion with  the  acid.  (Despretz,  Ann.  Ch.  et  Ph.,  xuii.  122.) 
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Protonitrate  of  Iron.  When  very  dilute  nitric  acid  (specific  gra- 
vity 1*16)  is  digested  upon  iron  filings,  little  gas  is  evolved,  and  the  liquid 
assumes  an  olive-brown  color  from  the  nitric  oxide  which  it  contains,  but 
exposed  to  the  air  it  becomes  pale-green  in  consequence  of  the  escape  of 
that  gas;  the  alkalis  produce  a green  precipitate  in  this  solution:  it  can- 
not be  obtained  in  crystals  by  the  usual  process,  and  passes  into  perni- 
trate  by  exposure  to  air.  It  may,  however,  be  crystallized  by  evaporation 
in  an  exhausted  receiver  over  sulphuric  acid;  it  then  forms  transparent 
rhomboidal  crystals  of  a light-green  color,  composed  of  I atom  of  protox- 
ide of  iron,  1 of  nitric  acid,  and  7 of  water.  (Thomson.)  When  proto- 
sulphuret  of  iron  is  dissolved  in  dilute  nitric  acid  sulphuretted  hydrogen 
escapes,  and  a green  solution  of  protonitrate  of  iron  is  obtained,  which, 
when  gently  heated,  speedily  becomes  brown,  in  consequence  of  the  forma- 
tion of  peroxide.  A protonitrate  of  iron  is  also  formed  when  solutions  of 
protosulphate  of  iron  and  nitrate  of  baryta  are  mixed  in  atomic  propor- 
tions. The  solution  of  the  neutral  protonitrate  is  decomposed  near  the 
boiling  temperature,  with  the  evolution  of  nitric  oxide,  and  the  abundant 
precipitation  of  the  suhnitrate  of  the  peroxide.  Iron  turnings  may  be 
dissolved  in  cold  and  highly  concentrated  nitric  acid,  so  as  to  produce 
ammonia  and  protonitrate  of  iron,  without  the  extrication  of  gas.  8Fe, 
-flONOs  + dliO  - 8[Fe0,N05]  -hNH40,N05. 

Pernitrate  of  Iron.  Nitric  acid,  diluted  with  a little  water,  (sp.  gr. 
I *35),  acts  violently  on  iron  and  peroxidizes  it,  a vast  quantity  of  gas  lieing 
at  the  same  time  generated,  which  consists  of  a mixture  of  nitrous  and 
nitric  oxides,  and  a solution  is  formed  of  a reddish-brown  color,  containing 
pernitrate  of  iron,  and  affording  a brown  precipitate  to  the  alkalis.  When 
this  solution  is  evaporated,  a brown  deliquescent  mass  remains,  soluble  in 
water  and  alcohol ; it  is  decomposed  at  a red-heat,  and  peroxide  of  iron 
remains.  If  this  solution  be  mixed  with  excess  of  carbonate  of  potassa, 
the  precipitate  at  first  thrown  down  is  redissolved  by  the  alkali,  and  a 
deep-brown  liquid  obtained,  called  in  the  Pharmacopoeia,  Liquor  ferri 
alkalini;  it  has  long  been  known  in  Germany  under  the  name  of 
“ Stahl’s  alkaline  tincture  of  iron.”  A crystallized  pernitrate  was  obtained 
by  Vauquelin  from  a solution  formed  by  leaving  nitric  acid  long  in 
contact  of  black  oxide  of  iron : the  crystals,  which  are  square  prisms  and 
colorless,  deliquesce  into  a reddish-brown  liquid;  they  consist,  accord- 
ing to  Thomson,  of  2 atoms  of  peroxide  of  iron,  3 of  nitric  acid,  and  16 
of  'water. 

A hydrated  suhpernitrate  of  iron  falls  on  boiling  the  diluted  solution 
of  the  peroxide  in  nitric  acid,  or  by  adding  excess  of  hydrated  peroxide 
to  the  concentrated  nitric  solution;  when  moist  it  is  brown  and  gelati- 
nous, and  sparingly  soluble  in  pure  water. 

Passive  condition  of  Iron^  in  respect  to  the  action  of  Nitric  Acid.  In 
all  ordinary  cases  nitric  acid  of  the  specific  gravity  I ’35  acts  powerfull}" 
upon  iron,  but  under  certain  circumstances  the  metal  becomes  inert,  and 
may  he  thrown,  as  it  were,  into  a passive  condition;  a circumstance  first 
noticed  by  Schoenbein.  This  state  of  things  is  brought  about,  1.  By  slightly 
oxidizing  the  extremity  of  an  iron  wire  by  holding  it  in  the  flame  of  a 
spirit  lamp,  and  when  cold  dipping  it  gradually  into  the  acid,  observing 
to  introduce  the  oxidized  end  first.  2.  Bv  dipping  the  end  of  the  wire 
Yol.  II.  ^ 3 B 
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into  strong  nitric  acid  and  washing  it  in  water.  3.  By  first  introducing 
a platinum  wire  into  tlie  acid,  and  then  the  iron  wire  in  eontact  with  it, 
which  contact  may,  however,  afterwards  be  broken.  4.  An  iron  wire 
already  rendered  passive  acts  as  the  platinum  wire,  and  renders  other 
Avires  passive  in  the  same  way.  5.  By  making  the  iron  wire  the  anelec- 
trode  or  positive  conductor  of  a voltaic  pile,  and  introducing  it  into  the 
acid  after  the  insertion  of  the  cathelectrode  or  negative  pole;  in  this  case 
the  iron  wire  behaves  as  one  of  platinum,  and  gives  off  oxygen  gas. 
This  state  is  destroyed  when  the  passive  iron  is  made  the  negative  pole, 
or  when  it  is  brought  into  contact  with  iron  or  zinc  which  at  the  time  is 
in  the  act  of  solution  by  the  acid.  This  condition  of  iron,  connected 
apparently  Avith  its  relations  to  magnetism  or  electricity,  is  not  confined 
to  nitric  acid,  but  extends  to  other  agents.  (Schoenbein  and  Faraday, 
Phil.  Mag.  and  Ann.,  vols.  ix.  and  xiv.  See  also  some  remarks  upon  this 
subject  by  Graham,  Elem.  Chem.') 

Ammonia  and  Iron.  Iron  is  not  acted  upon  by  aqueous  ammonia, 
nor  does  it  throw  down  copper  from  the  ammoniacal  solutions  of  oxides 
of  copper.  Ammonia  added  to  the  protosalts  of  iron  only  throws  doAvn 
part  of  the  oxide,  and  forms  a double  salt,  which,  on  exposure  to  air, 
gradually  deposits  peroxide  in  proportion  as  the  protoxide  of  the  double 
salt  absorbs  oxygen. 

Protosulphuret  of  Iron.  FeS.  I.  When  sulphur  is  dropped  upon  red- 
hot  iron  wire,  or  fused  with  iron  filings,  a compound  is  obtained,  Avhich, 
after  having  been  heated  to  expel  excess  of  sulphur,  is  perfectly  soluble 
in  dilute  sulphuric  acid,  Avith  the  evolution  of  pure  sulphuretted  hydro- 
gen, and  Avhich  is  a protosulphuret  of  iron.  So  also,  Avhen  a thick  plate 
of  Avrought  iron  is  heated  to  bright  redness,  a hole  is  made  in  it  by  pressing 
a roll  of  sulphur  upon  it,  the  fused  protosulphuret  of  iron  running  off. 
2.  AVhite-hot  Avrought  iron,  exposed  to  a jet  of  sulphur  vapor,  burns  in 
it,  and  runs  down  into  the  protosulphuret.  3.  It  is  formed  by  exposing 
pure  yelloAV  pyrites,  or  bisulphuret  of  iron,  intimately  mixed  Avith  an 
equivalent  of  pure  iron,  to  a red  heat;  or,  4,  By  passing  dry  hydrogen 
gas  over  poAvdered  iron  pyrites,  heated  to  redness  in  a glass  or  porcelain 
tube.  5.  It  is  throvAui  doAvn  in  a hydrated  state  on  adding  hydrosul- 
phuret  of  ammonia  to  solution  of  protosulphate  of  iron.  6.  By  the 
mutual  action  of  iron  filings  and  poAvdered  sulphur  made  into  a paste 
Avith  Avater. 

Protosulphuret  of  iron  is  of  a dark-bronze  color,  and  influences  the 
magnet.  (As  obtained  in  a pulverulent  form  by  passing  hydrogen  over 
red-hot  iron  pyrites,  it  is  not  magnetic.  Schaffgotscii.)  It  is  much 
more  fusible  than  iron;  it  loses  no  sulphur,  even  at  a Avhite-heat,  out  of 
contact  of  air;  Avhen  pure,  it  is  soluble  Avithout  residue  in  dilute  acids,  Avith 
the  evolution  of  sulphuretted  hydrogen  and  the  formation  of  a protosalt 
of  iron.  When  heated  in  air  or  oxygen,  sulphurous  acid  and  oxide  of 
iron  are  formed.  Digested  in  strong  nitric  or  nitrohydrochloric  acid,  a 
portion  of  sulphur  is  separated,  the  iron  is  peroxidized,  and  sulphuric 
acid  is  formed.  When  the  moist  hydrated  protosulphuret  (obtained  by 
precipitating  a protosalt  of  iron  by  hydrosulphuret  of  ammonia)  is  exposed 
to  air,  the  iron  becomes  oxidized,  and  sulphur  separates,  and  more  or  less 
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sulpliuroiis  and  sulphuric  acids  are  often  formed  with  heat  enough  to 
])roduce  Inflammation.  This  sulphuret  consists  of 

Hatchett,  Berzelius.  Proust. 

Iron 1 . , 2t)  ....  ()3’G*  ....  G3'5  ....  C3  ....  G2-r) 

Sulphur  1 ....  IG  ....  3G-4  ....  3G-5  ....  37  ....  37-5 

rrotosulpliuret  of  Iron  1 44  lOO’O  100  0 100  lOO’O 


Bisulpiiuket  of  Ikon,  FeS2,  Is  formed,  according  to  Berzelius,  when 
the  protosulphuret  is  well  mixed  with  half  its  weight  of  sulphur,  and  sub- 
jected to  a high  temperature,  which,  however,  must  be  below  redness  : 
a bulky  dark-yellow  metallic  powder  is  the  result,  which  is  not  attracted 
])y  the  magnet,  and  insoluble  in  dilute  sulphuric  and  hydrochloric  acid. 
A similar  compound  is  obtained  by  passing  a current  of  sulphuretted 
liydrogen  over  oxide  of  iron  at  a temperature  just  below'  redness.  If 
natural  crystals  of  black  oxide  of  iron  be  subjected  to  this  process,  they 
are  converted  without  change  of  form  into  the  bisulphuret.  By  slowly 
lieatlng  an  intimate  mixture  of  peroxide  of  iron,  sulphur,  and  sal-am- 
moniac, till  the  latter  begins  to  volatilize,  Wohler  obtained  small  yellow 
cubes  and  octohedrons  of  bisulphuret  of  iron.  Lowe  has  described  a 
simikir  artificial  production  of  crystals  of  pyrites  in  the  clay  lining  of 
iron  pots  used  in  the  manufacture  of  sal-ammoniac  from  sulphate  of 
ammonia.  We  have  tw'o  interesting  cases  of  the  formation  of  this  sul- 
pliuret  in  the  humid  w'ay  : the  one  described  by  Hatchett  occurring  in  the 
Mere  of  Diss,  in  Norfolk  {Phil.  Trans..,  17^7);  the  other,  by  Pepy.s, 
{Geol.  Trans..,  I.  399,)  taking  place  in  the  bones  of  mice  which  had  fallen 
into  a solution  of  sulphate  of  iron.  It  appears  that  in  these  cases  the 
organic  matter  in  a state  of  decomposition,  decomposes  the  sulphuric  acid 
and  the  oxide  of  iron.  Bisulphuret  of  iron  consists  of 


Iron 

Sulphur 


Hatchett.  Berzelius.  Bucholz. 

1 ....  28  ....  46-7  ....  48-7  ....  48-08  ....  49 

2 ....  32  ....  53-3  ....  53-3  ....  53-92  ....  51 


Bisulphuret  of  iron  1 80  100-0  100-0  100-00  100 


Native  Snlphurels  of  Iron.  Hatchett  first  show'ed  that  magnetic 
pyrites  is  a protosulphuret  of  iron,  and  common  or  yellow  pyrites  a 
bisulphuret ; the  results  of  his  analyses  of  these  ores  are  given  in  the  pre- 
ceding paragraphs.  Common  pyrites  is  found  massive,  and  crystallized 
in  a variety  of  forms,  some  derived  from  a primitive  cube,  others  from 
a rhombic  prism,  for  it  appears  to  be  dimorphous ; it  often  occurs  in 
radiated  nodules,  which,  when  rolled  amongst  the  .shingles  upon  the 
sea-beach,  are  sometimes  called  thunder-holts ; it  is  of  different  shades 
of  brass-yellow;  its  principal  use  is  in  the  formation  of  sulphate  of  iron., 
or  green  vitriol^  for  which  purpose  it  is  gently  roasted  and  exposed  to  air 
I and  moisture.  The  cubical  bi, sulphuret  is  very  permanent,  but  some  of 
the  prismatic  varieties  spontaneously  pass  into  sulphate,  and  wdien  in 
I large  masses  generate  heat  enough  to  produce  ignition : in  this  way 
1 beds  of  coal  have  been  set  on  fire  in  consequence  of  the  absorption  of 
oxygen  by  their  contained  pyrites.  Pyrites  has  also  been  used  as  a .source 
of  sulphur,  and  as  a substitute  for  sulphur  in  the  production  of  sulphuric 
acid.  (p.  389.) 


Sr:s<4uisuLPiiURET  of  Iron.  Fe2  S3.  This  compound  is  formed  by 
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passing  sulpliuretted  hydrogen  over  sesquioxide  of  iron  at  a temperature 
not  exceeding  212°;  or  by  the  action  of  the  same  gas  upon  the  hydrated 
sesquioxide  at  common  temperatures.  According  to  Proust,  it  may  he 
formed  by  the  action  of  sulphur  on  the  protosulphuret  at  a very  low  red- 
heat  : he  states  it  to  be  magnetic,  Avhich  Berzelius  denies.  It  is  formed 
in  the  humid  way  by  adding  neutral  persulphate  of  iron,  drop  by  drop,  to 
a solution  of  an  alkaline  hydrosulphuret ; it  then  falls  as  a black  powder, 
which  cannot  be  dried  in  the  air  without  change.  It  corresponds  in 
composition  to  the  sesquioxide,  and  consists  of 


Berzelius.  Proust.  Bucliolz. 

Iron  2 ....  56  ....  53-8  ....  52-92  ....  52-64  ....  52-07 

Sulphur 3 ....  48  ....  46*2  ...  47-08  ....  47*36  ....  47-93 


Sesquisulphuret  of  iron  1 104  100*0  100*00  100*00  100*00 

Disulphuret  of  Iron,  Fe2  S,  is  formed,  according  to  Arfwedson,  by 
passing  a current  of  hydrogen  gas  over  anhydrous  protosulphate  of  iron, 
heated  to  redness : sulphurous  acid,  water,  and  sulphuretted  hydrogen, 
are  evolved,  and  46*47  ])e7'  cent,  of  the  above  compound  remains.  This 
is  probably  a definite  compound  of  1 atom  of  iron  + 1 atom  of  protosul- 
jihuret  of  iron  = Fe,FeS. 

Tetra-sulpiiuret  of  Iron,  Fe4  S,  is  also  described  by  Arfwedson  as 
a definite  sulphuret;  he  obtained  it  by  passing  a current  of  hydrogen  over 
anhydrous  subpersulphate  (disulphate  of  the  peroxide)  of  iron.  This 
and  the  preceding  compound  are  grey  and  pulverulent,  and  they  both 
evolve  mixtures  of  hydrogen  and  sulphuretted  hydrogen  when  dissolved 
in  dilute  sulphuric  acid. 

FIyposulphite  of  Protoxide  of  Iron,  Fe0,S202,  is  obtained  toge- 
ther with  sulphite  by  digesting  finely-divided  metallic  iron  in  sulphurous 
acid,  [2F-I-3S02  = Fe0,S202 -}-FeO,S02];  a solution  is  obtained  at  first 
brown,  hut  becoming  green,  and  no  gas  is  evolved  : when  evaporated  it 
leaves  a dirty-white  viscid  mass,  and  is  decomposed  by  exposure  to  air. 
(See  P7'otosulphiie  of  Iron.)  When  sulphuric  or  hydrochloric  acid  is 
added  to  its  solution,  sulphurous  acid  is  evolved,  and  sulphur  precipitated. 
This  solution  furnishes  a perfect  protosalt  of  iron ; and  by  keeping  a few 
filings  of  iron  in  it,  it  may  be  retained  in  this  state.  It  gives  a white 
precipitate  with  ferrocyanide  of  potassium,  and  infusion  of  galls  does  not 
immediately  discolor  its  dilute  solution. 

Protosulphite  of  Iron,  FeO,S02,  may  be  obtained  by  digesting 
recently  precipitated  protocarbonate  of  iron  in  an  aqueous  solution  of 
sulphurous  acid,  from  which,  when  concentrated,  alcohol  throws  down 
the  sulphite.  According  to  Fordos  and  Gelis,  {^Ann.  Ch.  et  Ph..,  Juillet, 
1843,)  when  iron  is  dissolved  in  sulphurous  acid  and  the  solution  eva- 
porated in  vacuo,  crystals  of  hijdrated  jwotosulphite  of  iro7i  are  obtained 
having  the  formula  Fe0,S02,3H0,  and  if  the  evaporation  be  continued 
the  liquor  which  has  deposited  the  sulphite  will  sometimes  yield  crys- 
tals of  hyposulphite,  but  generally  the  liquid  contains,  together  with 
liyposulphite,  a sulpimrelted  hyposulphate.,  which  is  very  unstable,  and 
is  decomposed  by  concentration,  into  sulphur,  sulphurous  acid,  and 
sulphate  : they  attribute  this  second  result  to  the  intervention  of  air. 
The  persalts  of  iron  exert  a ciu’ious  action  on  the  hyposulphites:  if,  for 
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instance,  percliloride  of  iron  be  added  to  solution  of  liyposulphite  of  soda 
till  the  mixture  no  longer  becomes  violet,  for  each  equivalent  of  perchlo- 
ride  of  iron,  2 equivalents  of  hyposulphite  are  decomposed;  the  persalt 
of  iron  is  reduced  to  a protosalt,  and  the  evolved  chlorine  reacts  on  the 
liyposulphite,  in  the  same  way  as  iodine  (see  p.  614),  chloride  of  sodium 
being  formed,  together  with  one  equivalent  of  bisulphuretted  hyposul- 
phate.  2 [Na0,S202]  + re2Cl3^  2FeCl  + NaCl  A Na0,S405. 

Hyposulphates  op  Iron.  Hyposulphate  of  protoxide  of  iron^  is 
formed  by  mixing  a solution  of  hyposulphate  of  baryta  with  protosulphate 
of  iron:  the  filtered  solution  furnishes  green  prismatic  crystals,  easily 
soluble,  and  containing  about  30  per  cent,  of  water  of  crystallization, 
their  formula  being,  according  to  Ileeren,  FeO, 8205,5110.  When  hy- 
drated peroxide  of  iron  is  digested  in  aqueous  hyposulphuric  acid,  a 
brown  compound,  insoluble  in  water  and  alcohol,  very  difficultly  soluble 
in  hyposulphuric,  but  very  soluble  in  hydrochloric  acid,  is  formed:  accord- 
ing to  Heeren,  wdien  carefully  dried  it  forms  a brittle  brown  mass=8Fe203, 
S205,20HO. 

Protosulphate  of  Iron,  Fe0,S03,  is  the  copjjeras  and  green  vitriol 
of  commerce,  and  is  often  prepared  by  exposing  roasted  pyrites  or  hisul- 
phiiret  of  iron  to  air  and  moisture,  in  which  case  the  salt  is  impure.  It 
is  usually  formed  for  medicinal  and  chemical  purposes,  by  dissolving  iron 
filings  or  turnings  in  dilute  sulphuric  acid,  filtering  and  evaporating  the 
solution,  and  setting  it  aside  to  crystallize.  It  is  also  obtained,  free  from 
persulphate,  by  acting  uj^on  protosulphuret  of  iron  by  dilute  sulphuric 
acid.  This  salt  forms,  when  pure,  bluish-green  crystals  in  the  form  of 
oblique  rhombic  prisms,  (Brooke,  An?i.  of  Phil..,  2nd  Series,  vi.  120,)  of 
a styptic  taste,  reddening  vegetable  blues,  and  including  7 atoms  of  water; 
Fe0,S03,7H0.  The  specific  gravity  of  the  crystallized  salt  is  1*8;  that 
of  the  anhydrous  sulphate,  2*64.  The  solubility  of  I part  of  crystallized 
sulphate  of  iron  at  different  temperatures  is,  according  to  Brandes  and 
Firnhaber,  as  follows. 

Temperature  50°....  59°. ..  75°..,.  92°....  115°....  140°....  183°....  194°....  212° 
Water  1-04  ....1-43  ..,.0*87  ...  0-60  ....  044  ....  C'38  ....  0-37  ....  0-27  ....  0-30 

The  aqueous  solution  is  pale-green,  and  absorbs  nitric  oxide  gas,  acquir- 
ing a deep  olive-brown  color.  When  thus  saturated  with  nitric  oxide 
it  appears  to  take  it  up  in  the  proportion  of  I equivalent  to  4 of  the  sul- 
phate : it  is  again  evolved  when  the  liquid  is  either  heated  or  exposed  in 
a vacuum : an  alkali  added  to  this  solution  throws  down  a grey  precipi- 
tate, which  is  perhaps  a compound  of  nitric  oxide  and  hydrated  protoxide 
of  iron;  it  soon  becomes  green  and  yellow,  evolving  nitric  oxide,  but 
no  nitrate  or  nitrite  is  formed.  (Peligot,  Ann.  Ch.  et  Ph.^  uiv.  17.) 
This  compound  communicates  a red  or  purple  tint  to  a large  volume  of 
cold  sulphuric  acid : hence  the  detection  of  nitric  oxide  or  acid  in  sul- 
phuric acid,  already  mentioned  (p.  394).  (Bussy  and  Lecanu,  Journ. 
de  Pharm..,  xi.  341.)  AYhen  chlorine  is  passed  through  an  aqueous  solu- 
tion of  protosulphate  of  iron  hydrochloric  acid  is  formed,  and  the  iron 
becomes  peroxidized ; so  that  water  is  decomposed.  Protosulphate  of  iron 
is  insoluble  in  alcohol  and  in  sulphuric  acid,  both  of  which  deprive  the 
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crystals  of  water,  and  precipitate  tlie  salt  from  its  solutions  in  the  form  of 
a white  powder. 

Exposed  to  dry  air,  this  salt  generally  effloresces,  and  in  inoist  air 
gradually  absorbs  oxygen  and  is  partly  converted  into  a persulphate,  be- 
coming of  a rusty  or  reddish  color,  whence  the  French  term,  conperose^ 
applied  to  it,  corrupted  into  copperas.  When  heated  in  close  vessels,  it 
fuses  in  its  water  of  crystallization,  and  at  238°  loses  6 equivalents  of 
water,  hut  retains  1 equivalent  till  heated  above  535°;  this  may  be 
driven  off  at  a higher  temperature,  and  the  salt  is  then  white,  pulverulent, 
and  anhydrous  : at  a higher  temperature  the  anhydrous  protosulphate  is 
converted  into  an  anln^drous  persulphate,  and  sulphurous  acid  is  at  the 
same  time  evolved:  2"[Fe0,S03]  =:Fe203,S03  + S02 ; and  at  a high  red- 
heat  the  persulphate  is  itself  decomposed,  and  leaves  jDeroxide,  while  the 
sulphuric  acid  partly  passes  off  in  an  anhydrous  state  and  may  be  con- 
densed in  a refrigerated  receiver,  and  is  partly  resolved  into  sulphurous 
acid  and  oxygen.  The  residuary  red  oxide  is  of  a deep  color  and  was  for- 
merly knowui  under  the  name  of  coholhai\  or  caput  mortuum  vilrioU.  It 
is  in  consequence  of  this  decomposition  that  sulphate  of  iron  is  often  used 
as  a substitute  for  sulphuric  acid,  to  separate  weaker  acids  from  their  bases, 
at  high  temperatures.  Anhydrous  protosulphate  of  iron  consists  of 


Berzelius.  Wenzel. 

Protoxide  of  iron  1 ....  3G  ....  47’*!  . ..  47’07  ....  42‘17 

Sulphuric  acid  1 ....  40  ....  52*6  ....  52-93  ....  57-83 


Anhydrous  protosulpliate  of  iron  1 76  100*0  100*00  100*00 

and  the  ordinary  crystals  are  composed  of 

Berzelius.  Thomson.  Mitselierlich. 

Anhydrous  protosulphate  of  iron  1 ....  76  ....  54*7  ....  54*6  ....  55  ....  56  08 

Water  7 ....  63  ....  45*3  ....  45*4  ....  45  ....  43  92 

Crystallized  protosulphate  of  iron  1 139  100*0  100*0  100  100*00 

When  a solution  of  protosulphate  of  iron  is  made  to  crystallize  at  a 

temperature  of  178°,  it  forms  right  rhombic  prisms  which  include  4 equi- 
valents of  water,  and  correspond  Avith  the  quaterhydrated  sulphate  of 
manganese;  and  Avhen  an  acid  solution  of  sulphate  of  iron  is  boiled  dovrn, 
a saline  crust  forms,  in  Avhich  the  salt  is  combined  Avith  3 equivalents  of 
Avater ; lastly,  by  dissolving  the  salt  in  sulphuric  acid,  crystals  may  be 
obtained  Avith  2 equivalents  of  Avater.  (Mitscherlicii.) 

Native  Green  Vitriol  is  frequently  found  associated  Avith  iron  pyrites, 
being  produced  by  its  decomposition ; it  occurs  in  scA^eral  of  our  coal- 
mines. When  exposed  to  air  it  suffers  the  same  changes  as  the  artificial 
salt.  A native  persulphate  of  iron  occurs  in  Avhite  granular  masses  in 
Chili,  forming  ])eds  in  some  places  20  feet  deep.  (Rose,  Poggencl.^ 
xxviii.) 

Protosulphate  of  Iron  and  Ammonia.  NIl40,Fe0,2S03,6H0. 
This  salt  is  isomorphous  Avith  the  ammonio-sulphate  of  magnesia.  (Mits- 
CHERLICH.  ) It  is  obtained  by  evaporating  the  mixed  solution  of  its 
component  salts : it  is  more  soluble  than  protosulphate  of  iron. 

Protosulpitate  of  Iron  and  Potassa,  KO,FeO, 2803,6110,  is  ob- 
tained by  mixing  solutions  of  equivalents  of  each  of  the  salts ; it  is  of  a 
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vcrv  pale  tint  of  green,  and  tlie  crystals  contain  G ef|uivalents  of  water 
(LI  ITSC’llERLlCIl),  5 (TllOMSOM.) 


Persulphate  of  Iron.  Tliere  are  several  compounds  of  peroxide  of 
iron  with  siilpliiiric  acid.  The  tripersulphate  (or  neutral  persulphate  as 
it  sometimes  is  called),  Fe203,3S0:h  is  obtained  by  boiling  a solution  of 
the  protosulphate  with  the  addition  of  nitric  acid:  the  licpior  is  evapo- 
rated to  drive  off  the  nitric  acid,  and  the  residue  then  consists  of  a 
mixture  of  the  above  tripersulphate  and  a subpersulphate  : the  former  is 
soluble  in  water,  and  being  poured  off  and  evaporated  to  the  consistence 
of  syrup,  is  imperfectly  and  difficultly  crystallizable : by  further  evapora- 
tion it  yields  a brown  mass,  and  ultimately  a dingy- white  anh3'drous  salt, 
Avhich  at  a red-heat  gives  off  anhydrous  sulphuric  acid:  it  is  deliquescent, 
and  soluble  in  alcohol;  it  is  insoluble  in  sulphuric  acid,  Avliich  precipitates 
it  in  the  form  of  a AA’hite  anhydrous  salt  from  its  concentrated  aqueous 
solution:  Avhen  its  dilute  aqueous  solution  is  heated  it  deposits  a tribasic 
salt^  whicb,  Avhen  dried  at  212°,  is  a dark  orange-colored  poAvder,  insoluble 
in  Avater  but  soluble  in  acids  — 3Fe203,S03,4PI0.  Monobasic  and  bibasic 
persulphates  have  been  described  by  Soubeiran  i^Ann.  Ch.  et  Ph.,  XLiAU 
329)  and  Berzelius  (Lehrbuch).  The  Jibroferrite  described  by  Prideaux 
(Phil.  J\Iag.^  XAuii.  397),  appears  essentially  to  be  a sescpnpersulphate  = 
2Fe208,3S03,18II0;  and  Mans  has  noticed  a bipersulphate,  Fe203,2S03, 
AAdiich  remains  in  solution  Avhen  the  (neutral  or)  tripersulphate  is  partly 
decomposed  by  carbonate  of  lime.  (Poggend.,  xi.  77-) 

According  to  Dumas,  the  protosulphate  and  persulphate  of  iron  are 
capable  of  crystallizing  together,  and  forming  a kind  of  double  salt;  it 
often  occurs  in  commerce  under  the  name  of  green  vitriol ; it  is  of  a dingy 
grass-green  color,  Avhereas  the  pure  sulphate  of  the  protoxide  furnishes 
hydrated  crystals  AAdiich  are  of  a bright  bluish-green.  It  is  this  salt  Avhich 
is  produced  AAdien  a solution  of  the  protosulphate  is  exposed  to  air  till  it 
ceases  to  form  an  ochrey  deposit  of  subpersulphate.  An  intermediate 
sulphatem  3[Fe(),S()3)]  + 2Fe203,3S03,  the  crystals  of  AAdiich  included 
atoms  of  AAuater,  is  also  described  ])y  Abich.  (Chem.  Gaz.,  April,  1844.) 


Persulphates  of  Iron  and  Ammonia.  A crystallized  terpersulphate 
of  iron  and  ammonia  [NH40,S03, -f  Fe203,3S03,  + 24110,]  is  obtained 
in  octohedral  crystals  resembling  alum,  by  evaporating  a mixed  solution 
of  sulphate  of  ammonia  and  excess  of  persulphate  of  iron.  The  crystals, 
if  at  first  broAvn,  may  be  purified  by  a second  crystallization  : they  are 
soluble  in  .3  parts  of  AA'ater  at  60°,  and  consist,  according  to  Forchammer, 
(Ann.  Phil..,  v.  406,)  of 

Forehammer. 


Ammonia 

reroxide  of  ii-on 
Sulphuric  acid... 
"Water 


Crystallized  tersulphate  of  perox- 
ide of  iron  and  ammonia 


1 .. 

..  17  .... 

3-52  .. 

1 .. 

30  .... 

16‘5!J 

..  13-470 

4 .. 

..  i(;o  .... 

33-13  .. 

..  34-503 

25  .. 

..  225  .... 

43-71  .. 

..  43-430 

1 

432 

lOO-OO 

Bipersulphale  of  Iron  and  Ammonia.  2[NIl40,S03]  -}-Fe203-f  2S03 
-4-4110,  is  formed  AA  hen  ammonia  is  cautiously  added  to  a solution  of  per- 
sulphate of  iron,  and  the  mixture  left  to  spontaneous  evaporation  till  the 
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precipitate  begins  to  be  redissolvecl ; brown  six-sided  prismatic  crystals  are 
deposited,  (Maxis,  PoggencL,  xi.  79),  composed  of 


Ammonia 2 

Peroxide  of  iron  1 

Sulphuric  acid 4 

Water 6 


Crystallized  bisulphate  of  perox- 
ide of  iron  and  ammonia 


} 


34 

80 

160 

54 

328 


10-30 

24-39 

48'78 

16-47 

100-00 


Maus. 

10-30 

23-75 

49-20 

16-75 

100-00 


Persulphates  op  Iron  and  Potassa.  Teri:>erstil2)hcite  of  Iron  and 
PoLassa.  KO,S03:  Fe203,3S03 : 24HO,  is  obtained  by  dissolving  1 
equivalent  of  peroxide  of  iron,  3 equivalents  of  oil  of  vitriol,  and  1 of 
sulphate  of  potassa,  in  boiling  water;  on  evaporating  the  solution  and 
setting  it  aside  in  a cold  place,  octohedral  crystals,  which  in  form  and 
taste  resemble  those  of  common  alum,  are  gradually  deposited  : they  are 
colorless,  or  nearly  so,  being  sometimes  of  a reddish  or  violet  tint,  and 
soluble  in  3 parts  of  water  at  52°.  This  salt  is  frequently  termed  iron 
alum^  the  alumina  of  common  alum  being  in  it  replaced  by  peroxide  of 
iron,  with  which  it  is  isomorplious.  The  proximate  constituents  of  this 
salt  are 


Anthon. 


Potassa  

1 .. 

48  . 

9-52  . 

92 

Peroxide  of  iron 

1 .. 

..  80  . 

...  15-87  . 

...  15-1 

Sulphuric  acid. 

4 .. 

..  160  . 

...  31-74  . 

...  32*2 

Water 

24  .. 

..  216  . 

...  42-87  . 

...  43-5 

Crystallized  tersulphate  of  per-l 
oxide  of  iron  and  potassa  j 

1 

504 

100-00 

100-0 

Bipersulphate  of  Iron  and  Potassa.  2[K0,S03j : Fe203,2S03:  6HO. 
When  solution  of  potassa  is  added  to  a solution  of  the  preceding  salt  till 
it  just  begins  to  form  an  insoluble  precipitate,  and  the  liquor  left  to 
spontaneous  evaporation,  tabular  hexahedral  crystals  form,  soluble  in  6 
parts  of  cold  water  : the  solution  soon  decomposes  into  subpersulphate  of 
iron  and  iron  alum.  The  crystals  consist  of 


Potassa 2 

Peroxide  of  iron  1 

Sulphuric  acid 4 

Water  6 


Crystallized  bisuhdiate  of  per-)  ^ 
oxide  of  iron  and  potassa  / 


Maus. 

Richter. 

96  . 

...  24-6  . 

...  23*1  , 

....  22-2 

80  . 

...  20-5  . 

...  20-8  , 

...  21-5 

160  . 

...  41-0  . 

...  41-7  . 

...  42-1 

54  . 

...  13-9  . 

...  14-4  . 

...  14-2 

390 

100*0 

100-0 

100-0 

PnospHURET  OF  Iron.  Fe4  P,  is  formed  by  dropping  phosphorus  into 
a crucible  containing  red-hot  iron- wire ; it  is  a brittle  grey  compound, 
and  sometimes  crystallizes  in  rhomboidal  prisms.  It  acts  upon  the  mag- 
net. (Upon  the  subject  of  the  magnetic  qualities  of  the  sulphuret  and 
phosphuret  of  iron,  see  Hatchett’s  analysis  of  magnetical  pyrites.  Phil. 
Trails.^  1804.)  It  may  also  be  procured  by  the  ignition  of  a mixture  of 
iron  filings,  phosphoric  acid,  and  charcoal  powder ; or  of  phosphate  of 
iron  and  charcoal.  It  is  very  difficultly  soluble  in  the  acids.  A small 
portion  of  this  compound  is  said  to  be  present  in  all  cold-short  iron,  and  is 
eminently  injurious  to  the  quality  of  iron  when  it  is  contained  in  it  to  the 
amount  of  I per  cent.  Steel  which  does  not  contain  more  than  1 part  in 
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1000  of  pliospliuret  of  iron  is  rendered  harder,  and  for  some  particular- 
purposes  improved. 

Pliospliuret  of  iron  obtained  by  the  above  processes,  consists  of 


Berzelius.  Pelletier. 

Iron 4 ....  112  ....  7T8  ....  70  805  ....  80 

Phosphorus 1 ....  32  ....  22*2  ....  23-195  ....  20 


Phosphuret  of  iron  1 144  100-0  lOO’OOO  100 

When  pbospburetted  hydrogen  gas  is  passed  over  heated  iron  pyrites, 
a compound  is  formed,  containing  43  to  45  per  cent,  of  phosphorus,  and 
therefore  r=:Fe3P2.  In  its  formation  sulphuretted  hydrogen  is  evolved, 
so  that  3FeS2 + 2PH3=Fe3P2  + 6HS.  (PI.  Kose.)  No  definite  com- 
pound of  phosphorus  and  iron  in  single  atomic  proportions  has  been 
obtained. 

Hypophosphites  of  Iron.  Iron  dissolves  in  aqueous  hypophos- 
phorous  acid,  evolving  hydrogen,  and  yields  on  evaporation  pale  green 
crystals  of  a protosalt  of  iron.  Hydrated  peroxide  of  iron  is  sparingly 
soluble  in  cold  hypophosphorous  acid,  and  forms  a white  salt : at  a boil- 
ing heat  it  is  resolved  into  protohypophosphite  and  perphosphate.  (H. 
Rose,  Poggend.^  xii.  294.)  The  crystals  are  octohedrons  = FeO,PO, 
8HO,  or  according  to  Wurtz,  re0,PH203 -}-6HO.  {^Ann,  Ch.  et  Ph.^ 
Fevr.  1846.) 

Phosphite  of  Iron.  A solution  of  protosulphate  of  iron  gives  a 
white  precipitate  with  the  aqueous  solution  of  terchloride  of  phosphorus 
neutralised  by  ammonia,  which  when  dried  in  vacuo  becomes  greenish, 
and  when  heated  evolves  hydrogen  and  leaves  a suhphosphate  of  the 
protoxide.  The  same  phosphoric  solution  gives  a white  precipitate  with 
ammonio-persulphate  of  iron,  which  washed  with  cold  water,  and  dried  in 
vacuo,  is  a phosphite  of  the  peroxide  : it  is  soluble  in  excess  of  the  iron 
solution.  (H.  Rose,  Poggend.^  ix.  35.) 

Protophosphate  of  Iron.  2Fe0,H0,P05,  is  insoluble,  and  may  be 
formed  by  adding  solution  of  common  phosphate  of  soda  to  protosul- 
phate of  iron.  The  protophosphate  of  iron  is  at  first  white,  but  soon 
becomes  blue  by  exposure : it  fuses  and  forms  a crystalline  bead  before 
the  blow-pipe  ; it  is  soluble  in  most  of  the  acids,  from  which  it  may 
again  be  precipitated  by  ammonia,  but  it  is  soluble  in  excess  of  ammonia. 
When  it  has  acquired  a full  blue  tint,  it  is  probably  analogous  to  the 
native  phosphate^  and  is  a hydrated  compound  of  the  phosphate  of  the 
protoxide  with  phosphate  of  the  peroxide.  According  to  Kane,  this  blue 
phosphate  is  a double  salt,  and  may  be  at  once  produced  by  adding 
phosphate  of  soda  to  the  solution  of  the  mixed  sulphates  of  iron  from 
which  the  alkalis  precipitate  the  black  (magnetic)  oxide  (p.  71 7-)  The 
precipitate  is  blue  and  not  changed  by  exposure  to  air : its  formula  is 
H0,2Fe0,P05-f  2Fe203,P05.  The  analyses  of  the  crystallized  and 
amorphous  native  phosphates  agree  with  the  formula  3Fe0,cP05 -|-8HO. 
(Gmelin.) 

Perphosphate  of  Iron,  is  a white  insoluble  precipitate,  formed  by 
adding  common  phosphate  of  soda  to  persulphate  or  perchloride  of  iron. 
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Gmeliii  represents  this  decomposition  hy  the  following  formula,  3[2NaO, 
cPOr»]  + 2[Fe2,Cl:t]  ^nGNaCld-  [2Fe203,3P05],  observing,  however,  that 
it  does  not  agree  with  Vogel’s  analysis  of  the  salt  in  question.  {Aim.  Pliil.^ 
xiii.  310.)  The  white  precipitate  is  rendered  brown  hy  solution  of  am- 
monia, (forming  a suhsalt  ?)  hut  is  not  soluble  in  ammonia  unless  excess 
of  the  phosphate  of  soda  he  present,  when  it  forms  a brown  solution 
which  remains  clear  with  ferrocyanide  of  potassium  till  an  acid  is  added, 
Avhen  Prussian  blue  is  thrown  down.  When  heated  it  gives  out  water 
and  becomes  broAvn.  Digested  Avith  potassa  or  soda  it  is  converted  into 
a broAvn  subperphospliale. 

Nalive  Vliosphale  of  Iron  occurs  in  the  form  of  a blue  earthy  poAvder; 
or  if  at  first  AAdiite,  it  becomes  blue  by  exposure:  it  also  is  found  in  pris- 
matic crystals.  The  former  has  sometimes  improperly  been  termed 
Native  Prussian  Blue,  and  has  been  found  in  alluvial  soil:  the  latter 
occurs  AA’itli  iron  p3u-ites  in  ConiAvali.  The  blue  crystallized  variety 
(A^ivianite)  analyzed  by  Stromeyer  {Untersuchungen,  i.  274),  afforded  41 
per  cent,  of  protoxide  of  iron,  31  of  phosphoric  acid,  and  28  of  AAmter. 
The  hroAvn  radiated  and  nodular  varieties  of  native  phosphate  of  iron  are 
hydrated  phosphates  of  the  peroxide.  (Gmelin.) 

Iron  and  Carbon.  Carburet  of  Iron.  It  is  doubtful  Iioav  far 
any  true  atomic  compound  of  iron  and  carbon  can  be  obtained.  I haA'e 
already  adverted  to  the  claims  of  graphite  to  be  so  considered,  and  in  a 
subsequent  paragraph  the  composition  of  cast-iron,  in  reference  to  the 
carbon  it  contains,  Avill  be  noticed.  It  has  been  observed  by  Berzelius, 
that  some  of  the  combinations  of  oxide  of  iron  Avith  organic  acids  may 
possibly  yield  hy  calcination  definite  carburets ; the  residues  of  the  calci- 
nation of  Prussian  blue,  and  of  ferrocyanide  of  ammonium,  are  also  com- 
binations of  iron  and  carbon,  but  Iioav  far  these  contain  also  nitrogen  is  a 
question  Avhich  has  not  been  adequately  examined.  By  long-continued 
fusion  of  steel  Avith  charcoal,  Faraday  obtained  a highly  ciystalline  com- 
pound containing  betAveen  5 and  6 per  cent,  of  carbon,  and  apparently 
therefore  definite  in  its  nature.  All  these  compounds  are  principally  in- 
teresting in  reference  to  their  influence  upon  the  properties  of  cast-iron 
and  steel.  Faraday’s  crystalline  carburet  may  be  regarded  as  Fe4  C. 


Faraday. 

Iron  4 ....  112  ....  94-9  ....  94-36 

Carbon  1 ....  6 ....  5-1  ....  5-64 


Carburet  of  iron  1 118  lOO-Q  100-00 


According  to  Berzelius  (^Lehrhuch),  when  the  alkaline  ferrocyanides 
are  heated  in  close  vessels  the  cyanide  of  the  alkaline  base  is  unchanged, 
])ut  the  cyanide  of  iron  is  decomposed,  CAmlving  nitrogen,  and  leaving 
FeC2.  This  is  best  obtained  from  ferrocyanide  of  ammonium.  The 
similar  ignition  of  pure  Prussian  blue  leaA^es  Fe2C3. 

Considerable  difficulty  attends  the  anal>'sis  of  compounds  of  carbon 
and  iron,  in  estimating  the  proportion  of  the  former  : this  has  generally 
been  indirectly  effected  by  ascertaining  the  quantity  of  iron,  and  consider- 
ing the  loss  of  weight  as  carbon ; a method  obviously  objectionable.  If 
the  action  of  dilute  sulphuric  acid  be  resorted  to,  a portion  of  carbon  is 
carried  off  b}’^  hydrogen;  the  same  is  the  case  Avith  hydrochloric  acid;  and 
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if  nitric  acid  be  used,  carbonic  acid  may  be  formed,  and  artificial  tannin 
(humic  acid)  produced.  Perhaps  the  best  metliod  is  to  mix  5 grains  of 
the  compound  (such  as  cast-iron  or  steel)  reduced  to  powder  or  fine 
filings,  with  60  or  80  grains  of  chromate  of  lead;  about  a fourth  part  of 
this  mixture  is  then  put  aside,  and  5 grains  of  chlorate  of  potassa  are 
added  to  and  well  mixed  with  the  remainder;  this  mixture  is  then 
put  into  a tube  similar  to  those  used  in  organic  analyses,  and  the  portion 
of  tlie  mixture  without  the  chlorate  is  afterwards  put  upon  it;  the  tube 
is  tlmn  properly  adapted  to  Liebig’s  apparatus,  and  that  portion  of  it  is 
first  heated  which  contains  the  mixture  without  the  chlorate,  and  when 
this  is  red-hot,  the  heat  is  successively  applied  to  the  whole ; in  this  way 
the  whole  of  the  carbon  of  the  carburet  is  burned  and  converted  into  car- 
bonic acid,  which  is  absorbed  by  the  solution  of  potassa  in  the  bulb  appa- 
ratus, and  so  weighed.  (See  Organic  Analysis?)  It  is  convenient  to  pro- 
tect the  tube  by  a strip  of  thick  leaf  copper  folded  round  it  in  order  to 
enable  it  to  bear  the  temperature  requisite  for  the  fusion  of  the  chromate 
of  lead.  In  three  experiments,  5 grains  of  the  same  cast-iron  gave 

0'o82  carbonic  acid  = 3-22  of  carbon  per  cent. 

0-585  „ = 3-23  „ 

0-588  „ =3-25  „ 

(Regnault,  Ann.  Ch.  el  L’/o,  lxx.  107.) 

PnoTocARBONATE  OF  Iron.  FeO,C02.  AYhen  a solution  of  a pure 
protosalt  of  iron  is  precipitated  by  carbonate  or  bicarbonate  of  potassa  or 
soda,  a white  hydrated  protocarhonate  of  iron  falls,  which,  if  Avashed  and 
dried  Avitli  all  the  requisite  precautions  for  excluding  oxygen,  forms  a 
greenish  tasteless  poAvder,  containing  from  24  to  30  per  cent,  of  carbonic 
acid  : it  may  therefore  be  considered  as  FeO,C02,IIO.  When  air  is  not 
excluded,  the  Avhite  preeijntate  presently  passes  through  Aairious  shades 
of  green,  and  if  exposed  to  air  becomes  broAvn,  losing-  carbonic  acid,  and 
passing  into  hydrated  peroxide. 

When  carbonic  acid  in  aqueous  solution  is  digested  Avith  iron  filings, 
a colorless  solution  of  the  protocarbonate  is  obtained  : it  is  not  an  un- 
common ingredient  in  mineral  Avaters,  Avhere  it  is  held  in  solution  by 
excess  of  carbonic  acid.  The  most  celebrated  springs  of  this  kind  in 
England  are  those  of  Tunbridge  Wells  : Avhen  boiled  or  Avhen  exposed  to 
air  they  deposit  hydrated  peroxide  of  iron  : they  liaA^e  an  inky  flavor,  and 
are  immediately  blackened  by  vegetable  astringents. 

Native  Protocarhonate  of  Iron.,  or  Spathose  Iron  Ore.  FcO,C02, 
occurs  in  Germany,  and  in  some  parts  of  CoriiAvall,  crystallized  in  modi- 
fied rhomboids.  Its  primary  form  is  a rhomboid  closely  resembling  that 
of  carbonate  of  lime.  Its  color  is  yelloAvish,  or  broAvnish  grey.  It  gene- 
rally contains  manganese,  lime,  and  a trace  of  magnesia  : it  sloAvjy  dis- 
solves in  hydrochloric  acid,  evolving  carbonic  acid.  A specimen  of  tliis 
mineral  from  Eulenloli  in  Bareuth,  analyzed  by  Bucholz  {Gehlen's 
Journ.,  i.  2.31),  contained  carbonic  acid  36,  protoxide  of  iron  51),  lime  3, 
AA-ater  2.  These  components  indicate  that  this  mineral  consists  essentially 
of  protocarhonate  of  iron,  composed  of 

Pi’otoxide  of  iron  1 ....  38  ....  82-08 

Carbonic  acid 1 ....  22  ....  37-04 


ri-otocarbonate  of  iron 


I 


58 


100-00 
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The  clay  iron  ore  of  our  coal  districts,  from  Avhicli  British  iron  is 
chiefly  obtained,  is  an  impure  protocarbonate  of  iron.  Previous  to  reduc- 
tion, it  is  reduced  by  heat  to  the  state  of  oxide,  as  will  appear  from  the 
account  of  the  manufacture  of  iron  at  the  end  of  this  section.  The  fol- 
lowing table  shows  the  composition  of  six  specimens  of  the  clay  ironstone 
from  the  coal-beds  of  the  neighbourhood  of  Glasgow,  analyzed  by  Dr. 
H.  Colquhoun.  {Brewster  s Jourii.^  vii.  234.) 


Carbonic  acid  32-53  ....  33-63  ....  31'86  ....  30-76  ....  26-35  ....  33-10 

Protoxide  of  iron 35-22  ....  45-84  ....  42-15  ....  38-80  ....  36-47  ....  47-33 

Protoxide  of  manganese  — ....  0-20  ....  — ....  0-07  ....  0-17  ....  0-13 

Lime 8-62  ....  POO  ....  4-93  ....  530  ....  1-97  ....  2-00 

Magnesia  5-10  ....  5-90  ....  4-80  ....  6-70  ....  2-70  ....  2-20 

Silica 9-56  ....  7-83  ....  9-73  ....  10-87  ....  19  20  ....  6-63 

Alumina  5-34  ....  2-53  ....  3-77  ....  620  ....  8-03  ....  4-30 

Peroxide  of  iron  1-16  ....  — ....  0-80  ....  0-33  ....  0-40  ....  0-33 

Coaly  matter 2-13  ....  1-86  ....  2-33  ....  1-87  ....  2-10  ....  I-70 

Sulphur 0-62  ....  — ....  - — ....  0-16  ....  — ....  0-22 

Moisture  — ....  0-99  ....  — ....  — ....  — ....  — 


100-37  100-68  100-37  101-00  98-09  97*94 

Percarbonate  of  Iron  has  not  been  obtained  in  a separate  state;  for 
the  protocarbonate,  whilst  drying,  exposed  to  air,  loses  carbonic  acid,  and 
becomes  peroxide.  The  precipitate  obtained  by  the  decomposition  of 
protosulphate  of  iron  by  carbonate  of  soda,  washed  and  dried,  was  for- 
merly known  in  pharmacy  under  the  name  of  carbonate  of  iron : but,  as 
above  stated,  it  becomes  peroxide  by  exposure,  retaining  however,  accord- 
ing to  Soubeiran,  a little  carbonic  acid : thus  he  found  the  precipitate, 
after  exposure  in  thin  layers  to  the  air  of  a damp  cellar  for  three  months, 
to  contain  71 ‘4  peroxide  of  iron,  8’3  carbonic  acid,  20*  water.  {Ann. 
Ch.  et  Ph.,  xLiv.  326.)  When  bicarbonated  alkalis  are  digested  with 
recently-precipitated  peroxide  of  iron,  triple  salts  are  formed. 

Iron  and  Cyanogen.  These  substances  give  rise  to  several  important 
compounds,  in  which  they  exist  either  combined  in  various  proportions, 
or  as  a compound  radical  or  base,  in  union  with  other  bodies. 

Protocyanide  of  Iron.  FeCy,  is  obtained,  according  to  Berzelius, 
in  the  form  of  a grey  powder,  by  gently  heating  ammonio-cyanide  of  iron 
(Ferrocyanide  of  Ammonium)  out  of  the  contact  of  air.  It  is  formed, 
according  to  Kobiquet,  by  digesting  recently -prepared  Prussian  blue  in  a 
well-stopped  phial  with  a saturated  solution  of  sulphuretted  hydrogen;  it 
becomes  white,  and  the  solution  contains  hydrocyanic  acid.  When  solu- 
tions of  cyanide  of  potassium  and  protosulphate  of  iron  are  mixed,  an 
abundant  reddish  precipitate  falls,  which  is  redissolved  by  excess  of  the 
cyanide,  and  then  forms  ferrocyanide  of  potassium.  Upon  the  whole,  it 
is  doubtful  whether  a pure  protocyanide  of  iron  has  been  isolated:  its 
components  are 


Iron 

1 .. 

..  28  . 

...  51-9 

Iron  

....  51-9 

Carbon  

2 .. 

..  12  . 

...  22-21 

Cyanogen  .... 

....  48-1 

Nitrogen 

1 .. 

..  14  . 

...  25-9) 

1 

54 

100-0 

100-0 
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According  to  Peloiize  Ch.  ei  Ph.^  Lxix.  40),  a combination  of 

cyanogen  and  iron  (Fe3Cy4)  corresponding  to  tlie  black  magnetic  or  deut- 
oxide  of  iron,  is  obtained  by  passing  a current  of  chlorine  into  a boiling 
solution  of  ferrocyanide  of  potassium  ; a green  powder  precipitates,  which 
is  to  be  boiled  in  8 or  10  parts  of  concentrated  hydrochloric  acid,  by 
which  peroxide  of  iron  and  Prussian  blue  are  dissolved,  and  a green 
powder  remains,  which,  when  washed  and  dried  in  vacuo,  constitutes 
this  intermediate  combination,  FeCy  + Fe2Cy3  + 4HO.  Hetited  to  355° 
it  loses  water,  cyanogen,  and  a little  hydrocyanic  acid,  and  acquires  a 
deep  purple  color.  In  a solution  of  caustic  potassa  it  is  converted  into 
peroxide  of  iron,  and  a mixture  of  the  ferrocyanides  of  potassium. 

Percyanide  of  Iron.  Sesquicyanide  of  Iron.  Fe2Cy3.  This  com- 
pound has  not  been  isolated.  It  is  obtained  in  solution  when  ferrid- 
cyanide  of  potassium  is  decomposed  by  silico-fluoride  of  iron,  forming 
a broAvn  astringent  liquid;  but  on  evaporation  it  deposits  Prussian  blue. 
(See  Fei'ridcyanides.') 

Ferrocyanides.  Two  views  have  been  taken  of  the  constitution  of 
these  salts:  upon  one  of  these,  the  protocyanide  of  iron  combines  with 
other  metallic  cyanides  to  form  double  cyanides,  so  constituted  as  to  con- 
tain I equivalent  of  ferrocyanide  combined  with  2 equivalents  of  the 
other  cyanide:  their  elements,  therefore,  are  in  such  a ratio,  that  if  the 
metals  were  converted  into  protoxides  at  the  expense  of  water,  the  hydro- 
gen would  just  suffice  to  form  hydrocyanic  acid  with  the  cyanogen;  or,  in 
other  words,  07ie  equivalent  of  the  respective  ferrocyanides  would  decom- 
pose three  equivalents  of  water. 

Others  apply  the  term  ferrocyanogen  to  a hypothetical  compound 
(salt-radical)  of  3 atoms  of  cyanogen  and  I of  iron,  Fe,Cy3,  or  Fe,C6N3 
=:  Cfy.  Upon  the  former  view  the  ferrocyanides  would  be  written 
2MCy  + FeCy,  upon  the  other,  2M  + Cfy:  the  former  appears  the 
simpler,  and  therefore  the  preferable,  view,  but  there  are  theoretical  ob- 
jections to  its  adoption. 

Ferrocyanogen,  Cfy,  regarded  as  a compound  of  1 atom  of  iron  and 
3 of  cyanogen,  contains 

1 ....  28  ....  26-41  Iron  1 ....  28  ....  26*41 

3 ;;;;  « = Cyanogen  3 ....  7« ....  73-59 

Ferrocyanogen  1 106  lOO'OO  106  lOO'OO 

Ferrocyanide  of  Hydrogen.  Ferrocyanic  Acid.  Hydroferro- 
CYANic  Acid.  FeCy3,Il2,  or  Cfy,H2.  (^Ferrochyazic  acid  of  Porret,  by 
whom  it  was  discovered.  Ann.  Phil.,  Sept.  1818.)  This  acid  may  be 
obtained  by  the  following  processes  : 1.  Dissolve  58  grains  of  crystallized 
tartaric  acid  in  alcohol,  and  pour  the  solution  into  a phial  containing  50 
grains  of  ferrocyanide  of  potassium  dissolved  in  3 drachms  of  warm 
water;  by  these  means  the  potassa  is  precipitated  in  the  state  of  super - 
tartrate,  and  the  ferrocyanic  acid  remains  dissolved  in  the  alcohol,  from 
which  it  may  be  obtained,  by  careful  evaporation,  in  small  cubic  crystals. 


Iron 

Carbon 

Nitrogen 
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(PoRRETT.)  2.  A solution  of  feiTOcyaiiide  of  barium  may  be  decom- 
posed by  sulphuric  acid,  so  as  exactly  to  abstract  the  baryta  in  the 
form  of  sulphate.  3.  Berzelius  recommends  the  decomposition  of 
recently-precipitated  ferrocyanide  of  lead  or  copper  diffused  through 
water,  by  sulphuretted  hydrogen,  filtering,  and  getting  rid  of  the  excess 
of  sulphuretted  hydrogen,  which  would  spoil  the  air-pump,  by  a little 
ferrocyanide  of  lead:  the  solution  should  ultimately  be  rapidly  filtered, 
and  evaporated  in  vacuo  over  sulphuric  acid:  a white  residue  remains. 
4.  Mix  a cold  saturated  solution  of  ferrocyanide  of  potassium  with  one- 
fourth  its  volume  of  strong  hydrochloric  acid,  and  agitate  it  with  half  its 
volume  of  ether:  a white  crystalline  substance  separates,  which,  when 
washed  with  ether  and  dried,  or,  if  necessary,  dissolved  in  alcohol,  and 
again  precipitated  by  ether,  is  ferrocyanic  acid.  (Posselt.)  In  this 
decomposition,  1 atom  of  ferrocyanide  of  potassium  and  2 of  hydrochloric 
acid  yield  1 of  ferrocyanic  acid  and  2 of  chloride  of  potassium.  K2Cfy 
-l-2IlCl=Pl2Cfy -1-2KC1.  The  ferrocyanic  acid  thus  obtained  is  soluble 
in  water  and  alcohol,  and  powerfully  acid:  it  decomposes  the  alkaline 
carbonates  with  effervescence,  forming  with  them  ferrocyanides  of  their 
bases:  though  it  may  be  atomically  represented  as  a hydrocyanate  of  cya- 
nide of  iron=rFeCy,2HCy,  it  exhibits  no  properties  in  common  with 
hydrocyanic  acid  or  hydrocyanates;  it  is  inodorous,  and  not  poisonous: 
it  is  permanent  in  the  dry  state,  but  when  moistened  and  long  exposed  to 
air  it  becomes  changed  into  Prussian  blue.  It  consists  of 


Iron 

1 

28  .... 

, 25-92 

Iron 

1 

....  28  . 

...  25-92 

Carbon 

6 ., 

36  ..., 

, 33-331 

Nitrogen  

3 . 

...  42  .... 

. 38  88) 

— Cyanogen..., 

3 . 

...  78  , 

...  72-21 

Hydrogen  

2 

...  2 .... 

. 1-87 

Hydrogen 

2 . 

...  2 , 

...  1*87 

Ferrocyanic  acid.... 

1 

108 

100-00 

1 

108 

100-00 

Ferroc3mnogen,  regarded  as  a bibasic  radical,  forms  two  sets  of  salts, 
combining  namely  with  2 atoms  of  the  same  metal,  as  in  the  ferrocyanide 
of  potassium,  K2Cfy;  or  Avith  2 atoms  of  different  metals,  as  in  the  ferro- 
cyanide of  potassium  and  calcium,  K,Ca,Cfy:  and  Avhen  these  salts  are 
formed  by  the  ferrocyanic  acid,  the  2 atoms  of  its  constituent  hydrogen 
are  replaced  by  2 atoms  of  the  same  or  of  different  metals. 

The  forrocyanides  are  decomposed  by  heat  Avith  Amrious  phenomena. 
1.  The  ferrocyanogen  eAmlves  nitrogen  and  becomes  converted  into  car- 
buret of  iron,  Avhich  remains  mixed  Avith  the  basic  cyanide;  this  is  the 
case  v\At\\  ferrocyanide  of  jwtassium.  2.  The  cyanogen  of  both  the  cya- 
nides is  decomposed,  nitrogen  evolved,  and  metallic  carburets  of  iron  and 
of  the  basic  metal  are  formed;  as  wiili  ferrocyanide  of  lead.  3.  The 
basic  cyanide  eAmlves  c^mnogen,  and  is  reduced ; as  in  the  case  ferro- 
cyanide of  silver. 

Ferrocyanide  of  Potassium.  Prussiate  of  Potassa.  K2,FeC6N3 
K2Cfy  or  Fe,K2,3Cy.  When  iron  filings  are  digested  in  a solution  of 
cyanide  of  potassium,  oxygen  is  absorbed  from  the  air,  the  iron  gradually 
dissolves,  the  liquor  becomes  alkaline  from  the  presence  of  potassa,  and, 
on  evaporation,  yields  yelloAV  crystals  of  the  above  compound  = K2Cfy, 
3110.  If  air  be  excluded,  the  same  products  are  formed,  but  hydrogen 
is  evolved  in  consequence  of  the  decomposition  of  Avater.  Under  similar 
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circumstances,  sulpliiiret  of  iron  and  cyanide  of  potassium  form  ferro- 
cyanide  and  sulpliuret  of  potassium. 

When  Prussian  blue  is  boiled  with  potassa  it  is  decomposed;  it  loses 
its  blue  color;  oxide  of  iron  is  separated;  and  on  filtering  and  evaporating 
the  solution,  crystals  of  the  ferrocyanide  are  obtained.  It  is  best  formed 
by  adding  powdered  Prussian  blue  (previously  heated  with  a dilute  sul- 
phuric acid  composed  of  1 part  of  acid  and  5 of  water,  and  afterwards 
Avashed),  to  a hot  solution  of  potassa,  as  long  as  its  color  is  destroyed. 

This  salt  is  largely  prepared  as  an  article  of  commerce,  chiefly  for  the 
use  of  calico-printers,  by  the  following  process:  “Into  an  egg-shaped 
iron  pot,  brought  to  moderate  ignition,  project  a mixture  of  good  pearl- 
ash  and  dry  animal  matters,  of  which  hoofs  and  liorns  are  best,  in  the 
proportion  of  2 parts  of  the  former  to  5 of  the  latter.  Stir  them  w^ell 
with  a flat  iron  paddle.  The  mixture,  as  it  calcines,  will  gradually  assume 
a pasty  form,  during  which  transition  it  must  be  tossed  about  with  much 
manual  labor  and  dexterity.  AYlieii  the  conversion  into  a chemical  com- 
pound is  seen  to  be  completed  by  the  cessation  of  the  fetid  animal  vapors, 
remove  the  pasty  mass  wdtli  an  iron  ladle.  If  this  be  thrown,  while  hot, 
into  Avater,  some  of  the  prussic  acid  Avill  be  converted  into  ammonia,  and 
of  course  the  usual  product  diminished.  AIIoav  it  to  cool,  dissolve  it  in 
Avater,  clarify  the  solution  by  filtration  or  subsidence,  evaporate,  and,  on 
cooling,  yelloAV  crystals  of  the  ferroprussiate  of  potash  aaIII  form.  Sepa- 
rate these,  redissolve  tliein  in  hot  Avater,  and,  by  alloAving  the  solution  to 
cool  very  sloAvly,  larger  and  very  regular  crystals  may  be  had.”  (Ure's 
Dictionary.') 

The  late  Mr.  Charles  Macintosh,  of  GlasgoAV,  one  of  the  largest  manu- 
facturers of  this  salt,  informed  me,  that  the  animal  matters  employed  as 
the  source  of  cyanogen  are  chiefly  chips  of  horns,  animal  hoofs,  Avoollen 
racfs,  and  the  substance  called  Q-reaves.  Avhich  is  the  refuse  of  talloAA^- 
melters,  and  consists  chiefly  of  cellular  membrane  from  Avhich  the  fat  has 
been  expressed:  these  are  burned,  and,  in  fact,  fused  at  a very  high  heat 
AA’itli  potash,  to  form  Avhat  is  called  iwussiaie  cake;  this,  Avhen  cold,  is 
lixiAuated  Avitli  Avater,  and  the  eAmporated  solution  yields  a first  crop  of 
very  impure  salt;  it  is  redissolved,  and  the  second  crystallization  is 
alloAved  to  go  on  very  sloAvly,  it  being  at  least  a fortnight  before  the  con- 
tents of  the  coolers  are  disturbed.  The  iron  requisite  to  the  constitution 
of  the  salt  is  derived  from  the  pots  and  stirrers  used  in  the  ojAeration,  or, 
if  requisite,  iron  filings  are  added. 

Dr.  Gregory  observes  that  the  essential  parts  of  this  process  are,  first, 
the  presence  of  as  much  nitrogen  as  possible  in  the  animal  matter;  hence 
fresh  dried  uncalcined  animal  matter  is  far  preferable  to  animal  charcoal  ; 
secondly,  the  presence  of  metallic  iron  or  sulpliuret  of  iron;  the  former  is 
either  directly  derived  from  the  vessels,  Avhich  are  rapidly  corroded,  or  it 
is  added  as  filings;  the  latter  is  formed  from  the  iron  of  the  vessels  by  the 
action  of  bisulphuret  of  potassium,  Avhich  arises  from  the  decomposition 
by  charcoal  at  a red-heat  of  the  sulphate  of  potassa  contained  in  the 
potash  or  pearl-ash,  hence  jmre  carbonate  of  jiotassa  is  not  adapted  to 
this  process;  thirdly,  the  exclusion  of  air,  as  far  as  possible,  in  order  to 
prevent  the  oxidation  and  destruction  of  the  cyanide  of  potassium 
formed. 

The  folloAving  explanation  of  the  theory  of  this  process  is  from  Liebig. 
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When  animal  snhstances  containing  carbon  and  nitrogen  are  fused  with 
potash  at  a red-heat,  the  potassium  is  reduced  by  the  carbon,  and  forms 
by  its  reaction  on  the  other  ingredients  cyanide  of  potassium.  The  fused 
mass  at  a red-heat  contains  no  ferrocyanogen,  hut  iron  and  carburet  of 
iron  in  the  form  of  a suspended  powder.  When  it  is  lixiviated  with  cold 
water  and  immediately  evaporated,  it  furnishes  no  ferrocyanide;  hut 
when  the  solution  is  gently  heated  for  several  hours  in  the  contact  of  air, 
oxygen  is  absorbed,  it  acquires  a yellow  color,  and  now  contains  much 
ferrocyanide  of  potassium.  This  explains  why  a solution  of  cyanide  of 
potassium  in  pure  water,  and  in  the  presence  of  finely- divided  metallic 
iron,  absorbs  the  oxygen  of  the  air  in  passing  into  the  state  of  oxide  of 
potassium  and  dissolving  the  metal;  the  potassium  of  the  cyanide,  in 
yielding  to  the  iron  the  cyanogen  with  which  it  was  combined,  and  so 
forming  cyanide  of  iron,  enables  it  to  combine  with  the  remaining  unde- 
composed cj^anide  of  potassium  to  form  ferrocyanide  of  potassium.  In 
close  vessels  the  solution  of  iron  by  cyanide  of  potassium  evolves  hydro- 
gen. The  fused  mass  also  contains  free  potassa,  which,  by  being  boiled 
with  the  cyanide  of  potassium,  decomposes  it  into  formiate  of  potassa  and 
ammonia.  When  animal  substances  are  fused  in  open  vessels  with 
potassa,  cyanate  of  potassa  is  formed,  which  is  decomposed  by  boiling 
into  ammonia  and  bicarbonate  of  potassa;  the  quantity  of  ammonia 
formed  being  in  proportion  to  the  loss  of  cyanide  of  potassium.  The 
best  way  of  converting  the  whole  of  the  cyanide  into  ferrocyanide  of 
potassium,  is  to  treat  one-third  of  a cold  solution  of  the  raw  mass  with 
protosulphate  of  iron,  as  long  as  a precipitate  falls,  and  then  to  add  the 
remaining  two-thirds  of  the  solution,  and  heat  the  whole  to  the  boil- 
ing-point; the  solution  may  then  be  evaporated  without  decomposition, 
and  the  sulphate  of  potassa  is  easily  separated  by  crystallization  from  the 
ferrocyanide.  The  original  solution  of  the  fused  mass  generally  contains 
sulphuret  and  sulphocyanide  of  potassium,  and  formiate  and  carbonate  of 
potassa,  which  remain  in  the  mother- liquor. 

Mr.  L.  Thompson  has  observed  that  cyanide  of  potassium  is  abundantly 
formed  when  an  ignited  mixture  of  coke  or  charcoal,  carbonate  of  potassa, 
and  iron  filings,  is  exposed  to  the  action  of  the  air.  In  that  process  he 
says  the  potassa  is  decomposed  by  the  iron,  and  that  the  evolved  potas- 
sium combines  with  carbon  and  with  the  nitrogen  of  the  atmosphere;  and 
that  the  cyanide  of  potassium  results  from  this  action.  He  proposes  to 
apply  this  process  to  the  manufacture  of  Prussian  blue.  {Trajis.  Soc. 
Arts.^  Lii.  24.) 

Ferrocyanide  of  potassium  forms  permanent  lemon-yellow  crystals, 
of  the  specific  gravity  of  1*83:  they  are  insoluble  in  alcohol,  which  throws 
down  the  salt  in  yellow  flakes  from  its  aqueous  solution.  Water  at  60° 
takes  up  about  one-third,  and  at  212°,  its  own  weight  of  this  salt.  (Ure.) 
According  to  others  it  is  soluble  in  4 of  cold  and  2 of  boiling  water.  It 
has  a bitter,  saline,  and  sweetish  taste,  and  is  not  poisonous.  The  large 
crystals  are  tough,  and  the  thin  ones  somewhat  elastic:  their  forms  have 
been  described  by  Levy  and  by  Brooke.  {Giuart.  Journ,^  xv.  288;  Ann.  of 
Phil..,  N.  /S'.,  vi.  41.)  They  are  four-sided  tables,  derived  from  a primary 
octohedron.  When  moderately  heated  they  lose  color,  and  crumble  into 
powder,  parting  with  about  13  per  cent,  of  water,  but  they  retain  their 
figure  till  upon  the  verge  of  ignition.  By  a red-heat  this  salt  is  converted, 
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'with  the  escape  of  nitrogen,  into  carburet  of  iron  and  cyanide  of  potas- 
sium: and  in  the  presence  of  air  the  latter  salt  becomes  cyanate  of 
potassa,  and  the  iron  is  oxidized.  Boiled  with  dilute  sulphuric  or  hydro- 
chloric acid,  hydrocyanic  acid  is  given  out,  and  a 'white  precipitate  formed 
similar  to  that  which  the  salt  produces  in  a solution  of  protosulphate  of 
iron.  By  nitric  acid  and  by  chlorine  it  is  converted  into  ferridcyanide 
of  potassium.  The  action  of  concentrated  sulphuric  acid  upon  this  salt 
is  attended  by  the  evolution  of  pure  carbonic  oxide,  and  the  production  of 
an  anhydrous  salt  (an  iron  alum,)  containing  2 atoms  of  peroxide  of  iron, 
1 of  potassa,  1 of  oxide  of  ammonium,  and  5 of  sulphuric  acid,  repre- 
sented by  the  formula  2Fe203,3S03 -|- K0,S03;  NH40,S03.  (Fownes, 
Chem.  Gaz.^  June,  1843.) 

Neither  sulphuretted  hydrogen,  the  hydrosulphurets,  the  alkalis,  nor 
tincture  of  galls,  produce  any  precipitate  in  solutions  of  this  salt.  Red 
oxide  of  mercury  decomposes  it  at  a moderate  heat,  peroxide  of  iron  and 
metallic  mercury  are  precipitated,  and  cyanide  of  mercury  formed;  so  that 
the  iron  is  peroxidized  at  the  expense  of  the  oxide  of  mercury. 

When  a solution  of  this  salt  forms  insoluble  precipitates  in  metallic 
solutions,  the  nature  of  the  metal  present  may  often  be  judged  of  by  the 
character  and  color  of  the  precipitate,  as  indicated  by  the  following  table : 


Maxganese 

Neutral  protochloride 

White 

Irox  

Neutral  protosulphate 

White  or  pale  blue 

Ditto  

Perchloride 

Prussian  blue 

Zixc  

Chloride 

Yellowish  white 

Tix  

Acid  protochloride 

White,  then  yellow  and  bluish 

Ditto  

Acid  perchloride 

Pale  yellow 

Cadmium  .... 

Chloride 

AVhite 

Copper  

Protochloride 

Lilac 

Ditto  

Pernitrate 

Deep  brown 

Lead  

Nitrate 

White 

Axtimoxy.... 

Tartrate  of  antimony  and  potassa 

0 

Bismuth  .... 

Tartrate  of  bismuth  and  potassa 

0 

Cobalt  

Chloride 

Pale  green 

Uraxium  .... 

Sulphate 

Deep  brown 

Titaxium  .... 

Acid  chloride 

Deep  blue  (from  acid) 

Ditto  

Neutral  sulphate 

Sap  green 

Arsexic 

White  oxide 

0 

Ditto  

Arsenic  acid 

0 

Nickel  

Sulphate 

Grey 

Mercury  .... 

Acid  nitrate 

Greenish  white 

Ditto  

Acid  pernitrate 

Ditto 

Ditto  

Corrosive  sublimate 

White 

Palladium 

Chloride 

Olive 

Silver  

Nitrate 

Cream-colour 

Gold  

Chloride 

0 

Platixum  .... 

Chloride 

Yellow 

It  is  obvious  that  various  views  may  be  entertained  in  respect  to  the 
proximate  constitution  of  this  salt:  its  ultimate  elements,  in  its  anhydrous 
state,  are 


Potassium 

Tt’Ou  

2 . 

1 . 

...  80 

...  28 

....  4301 

....  1505 

Dnrhnn  

G , 

...  36 

....  19-35 

Nilrncren  

3 , 

....  42 

....  22-59 

Anhydrous  ferrocyanide  of  potassium 

Yol.  II. 

1 

18G 

100-00 

3 C 
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These  may  he  arranged  as  follows: 

Potassium 2 ....  80  ....  43‘01  Cyanide  of  potassium  2 ....  132  ....  70‘9 


Ferrocyanogen . . . . 1 ....  106  ....  56’09  Cyanide  of  iron  1 ....  54  ....  29*1 


1 186  10000  1 186  1000 

Potassium 2 ....  80  ....  43*01 

Iron  1 ....  28  ....  1505 

Cyanogen  3 ....  78  ....  41*94 


1 186  100  00 

And  the  hydrated  or  ci'yslallized  ferrocyanide  will  consist  of 

Ure.  Dijbereiner. 

Anliydrous  ferrocvanide  of  potassium  1 ....  186  ....  87’3  ....  87*12  ....  88 
Water  i 3 ....  27  ....  12*7  ....  12*88  ....  12 

Crystallized  ferrocyanide  of  potassium  1 213  100*0  100*00  100 

So  that,  in  the  crystallized  salt,  the  oxygen  and  the  hydrogen  of  tlie 
water  are  exactly  in  such  proportions  as  are  required  to  convert  the  metals 
into  protoxides,  and  the  cyanogen  into  hydrocyanic  acid. 


Biferrocyanide  of  Potassium.  When  a mixture  of  the  preceding 
ferrocyanide  of  potassium  with  dilute  sulpliuric  acid  is  subjected  to  dis- 
tillation, hydrocyanic  acid  is  evolved,  and  a ferrocyanide,  represented  by 
the  formula,  2FeCy,Kcy,  is  among  the  products.  Everitt  termed  this 
ferrocyanide  “yellow  salt,”  in  the  following  diagram,  showing  the  changes 
which  ensue  when  6 atoms  of  concentrated  sulphuric  acid  are  heated  with 
2 atoms  of  crystallized  ferrocyanide  of  potassium.  (Phillips,  Transla- 
iion  of  London  Pharmacopoeia.') 


Before  Distillfition. 

Atoms.  Equivalents. 


Sulphuric  acid 

. 6 . 

...  240 

Cyanide  of  potassium... 

. 4 . 

...  264 

Cyanide  of  iron  

2 

...  108 

Water  i 6 ia  the  acid) 
vvatei  I0  tpe  salt  j 

12  . 

...  108 

720 

After  Distillation. 

Atoms.  Equivalents. 

Bisulphate  of  potassa ....  3 384 

Hydrocyanic  acid  3 81 

Cyanide  of  potassium....  1 1 Yellow  r 66 

Cyanide  of  iron 2 i Salt  \ 108 

Water 9 81 


720 


According  to  Gay  Lussac,  the  result  of  the  action  of  sulphuric  acid 
upon  ferrocyanide  of  potassium  is  a white  powder,  which,  after  having 
been  well  washed  with  boiling  water,  and  exposed  to  air,  acquires  a dingy 
blue  tint,  but  becomes  deep  blue  when  moistened  by  dilute  sulphuric 
acid,  and  yields  sulphate  of  potassa:  this  white  ferrocyanide  consists,  he 
says,  of  7 atoms  of  iron,  2 of  potassium,  and  9 of  cyanogen : by  the 
dilute  acid,  the  2 atoms  of  potassium  are  abstracted,  and  the  remaining 
7 of  iron  and  9 of  cyanogen  form  Prussian  blue.  fhin.  de  Ch.  et  Fh.^ 
XLvi.  7^1-)  The  components  of  the  ferrocyanide  appear  from  Everitt’s 
statement  to  be  3 atoms  of  cyanogen,  2 of  iron,  and  1 of  potassium,  so 
that  its  formula  would  be  KFeCfy,  if  considered  as  containing  ferrocy- 
anogen ; an  atom  of  potassium  being  replaced  by  one  of  iron. 


Ferrocyanide  of  Ammonium.  Ferrocyanate  of  Ammonia.  When 
ferrocyanide  of  lead  is  diffused  through  water  holding  carbonate  of  am- 
monia in  solution,  or  when  Prussian  blue  is  digested  in  solution  of 
ammonia,  the  filtered  liquors  yield  small  yellow  octoliedral  crystals,  which 
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are  transparent,  permanent  in  tlie  air,  very  soluble  in  water,  and  insoluble 
in  alcohol.  By  boiling  in  Avater  this  salt  is  converted  into  cyanide  of 
ammonium  and  cj’^anide  of  iron.  When  equal  parts  of  ferrocyanide  of 
potassium  and  sal-ammoniac  are  boiled  together  in  6 parts  of  water,  large 
brittle  crystals  of  a lemon-yellow  color  are  deposited  on  cooling,  com- 
posed, according  to  Bunsen,  of  1 equivalent  of  ferroc3"anide  of  ammonium, 
1 of  sal-ammoniac,  and  3 of  water. 

The  constituents  of  the  crystals  of  ferrocyanide  of  ammonium  appear 


to  be 

Iron I ....  28  ....  16‘8 

Aimnonium 2 ....  3G  ....  20'4 

Cyanogen  3 ....  78  ....  4G*G 

Water 3 ....  27  ....  16-2 


Crystals  of  ferrocyanide  of  ammonium 1 1G7  lOO'O 


Ferrocyanide  of  Sodium.  2Na,Cfy:  or  2NaCy,FeCy.  This  salt  is 
obtained  by  boiling  Prussian  blue  Avith  caustic  or  carbonate  of  soda.  Its 
solution  yields  hydrated  yelloAV  quadrangular  prismatic  crystals,  soluble 
in  4’5  of  AA-ater  at  55°,  and  insoluble  in  alcohol.  They  effloresce,  and 
lose  by  drying  40  per  cent,  of  Avater.  Their  components  are 


Iron  1 ....  28  ....  10-7 

Sodium 2 ....  48  ....  18'3 

Cyanogen 3 ....  78  ....  29'8 

AVater 12  ....  108  ....  41-2 


Crystals  of  ferrocyanide  of  sodium....  1 262  100  0 


Ferrocyanide  of  Barium,  2Ba,Cfy:  or  2BaCy,FeCy,  is  obtained  by 
digesting  Prussian  blue  in  liot  baryta  Avater : as  it  cools,  yelloAV  rhom- 
boidal  prisms  are  deposited.  This  salt  requires  100  parts  of  boiling  Avater 
and  1920  of  cold  Avater  for  its  solution:  its  crystals  contain  18  per  cent. 
or  6 equivalents  of  Avater,  of  Avhich  the  greater  part  may  be  expelled  at 
212°. 

Ferroca:anide  of  Strontium,  2Sr,Cfy:  or  2SrCy,FeCy,  is  formed  by 
boiling  a mixture  of  Prussian  blue  and  hvdrate  of  strontia  in  AATiter : it 
forms  yelloAV  crystals  soluble  in  4 parts  of  cold  AAmter. 

Ferrocyanide  of  Calcifat.  2Ea,Cfy:  or  2CaC3’,FeC3N  When  hy- 
drate of  lime  and  Prussian  blue  are  boiled  in  Avater,  and  the  resulting 
solution  filtered  and  evaporated  to  the  consistence  of  syrup,  it  yields  large 
lemon-yelloAV  four-sided  prisms,  Avhich  effloresce  in  a Avarm  atmosphere, 
and  at  212°  lose  nearly  40  jier  cent,  of  Avater,  retaining  about  2 per  cent. 
Avhich  cannot  be  separated  except  at  a higher  temperature. 

Ferrocyanide  of  Magnesium,  2Mg,Cfy:  or  2MgCy,FeCy,  crystal- 
lizes in  small  deliquescent  tables. 

Ferrocyanide  of  Manganese.  2MnCFy,  or  2MnCy,FeCy.  A Avhite 
precipitate  formed  by  adding  ferrocyanide  of  potassium  to  a soluble  pro- 
tosalt of  manganese  : it  acquires  a red  tint  by  exposure  : it  is  never  quite 
free  from  potassium : it  is  soluble  in  acids. 
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Ferrocyanide  of  Iron.  When  ferrocyanide  of  potassium  is  added 
to  a pure  protosalt  of  iron  a white  precipitate  falls,  which,  if  the  potas- 
sium of  the  precipitant  were  entirely  replaced  hy  iron,  would  he  a proto- 
cyanide of  iron,  or,  at  least,  isomeric  with  it,  for  K2,Cfy  4-2FeO  =i:Fe2,Cfy 
-1-2KO;  and  Fe2,Cfy  is  = Fe3,Cy3 ; but  Proust  has  shown  that  the 
precipitate  (which  at  first  is  white,  hut  soon  becomes  blue  by  exposure) 
contains  potassium,  and  Berzelius  considers  it  as  identical  with  the  white 
salt  above  adverted  to  (p.  740),  as  formed  in  the  process  for  obtaining 
hydrocyanic  acid  by  the  distillation  of  ferrocyanide  of  potassium  with  sul- 
phuric acid,  and  which  we  have  before  termed  a biferrocyanide  of  potas- 
sium. The  same  salt  is  thrown  doAvn  on  adding  hydrochloric  acid  to  a 
solution  of  ferrocyanide  of  potassium.  (See  Gay  Lussac’s  remarks,  cited 
at  p.  740).  Representing  this  salt  by  the  formula  KFe,Cfy,  it  comes 
under  the  class  oi ferrocyanides  with  two  basic  metals^  noticed  further  on. 

Sesquiperrocyanide  of  Iron.  Prussian  Blue.  This  celebrated 
pigment  was  accidentally  discovered  by  Diesbach,  a color-maker  at  Berlin, 
in  the  year  1710:  the  first  description  of  the  mode  of  preparing  it  is 
given  by  Woodward,  in  the  Philosophical  Transactions  for  1724.  It  is 
largely  consumed  in  the  decorative  arts ; it  is  extensively  employed  as  a 
dye-stuflp,  and  in  calico-printing ; it  is  used  in  making  some  of  the 
varieties  of  what  is  called  stone-blue^  and  is  sometimes  added  to  starch, 
though  for  this  purpose,  as  well  as  for  covering  the  yellow  tint  of  paper, 
smalt  or  cobalt  blue  is  preferable.  Prussian  blue  was  formerly  made  as 
follows : Equal  parts  of  carbonate  of  potassa  and  some  animal  substance, 
such  as  dried  blood,  or  horn-shavings,  were  heated  red  hot,  in  a crucible, 
for  half  an  hour,  and  6 or  8 parts  of  water  poured  upon  the  mixture 
when  it  had  quite  cooled.  This  solution,  formerly  called  lixivium  san- 
guinis^ was  filtered  and  mixed  with  a solution  containing  2 parts  of  alum 
and  I of  protosulphate  of  iron ; a precipitate  fell,  at  first  of  a dingy- 
green  hue,  but  which,  by  copious  washings  with  very  dilute  hydrochloric 
acid,  acquired  a fine  blue  tint. 

At  present,  Prussian  blue  is  prepared  of  different  degrees  of  purity, 
hy  precipitating  solutions  of  peroxide  of  iron  by  ferrocyanide  of  potas- 
sium, various  additions  being  made  to  it  according  to  the  purposes  for 
which  it  is  required.  Pure  Prussian  blue  is  obtained  by  adding  a solu- 
tion of  ferrocyanide  of  potassium  to  persulphate  of  iron,  thoroughly 
washing  the  precipitate,  first  with  water  slightly  acidulated  by  sulphuric 
acid,  and  then  with  pure  water,  and  ultimately  drying  it  in  a warm 
place.  Liebig  recommends  the  following  process  on  the  authority  of 
Hochstatter : Dissolve  6 parts  of  protosulphate  of  iron  and  6 parts  of 
ferrocyanide  of  potassium,  each  separately,  in  15  parts  of  water;  mix 
the  two  solutions,  and  add  to  them  1 part  of  concentrated  sulphuric,  and 
24  of  hydrochloric  acid,  under  constant  stirring.  After  some  hours, 
add  a clear  solution  of  1 part  of  chloride  of  lime  in  80  of  water,  in 
successive  portions,  taking  care  to  stop  as  soon  as  any  chlorine  escapes 
by  effervescence.  After  some  hours,  the  precipitate  should  be  thoroughly 
washed,  and  dried  either  at  common  or  higher  temperatures.  The  finest 
product  is  obtained  by  washing  the  precipitate  Avith  dilute  nitric  acid. 

Prussian  blue  is  of  a peculiarly  rich  and  intense  blue,  Avith  a copper 
tint  upon  its  surface : it  is  insipid,  inodorous,  insoluble  in  Avater,  in 
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alcohol,  and  in  dilute  acids,  and  is  not  poisonous.  Concentrated  sulphuric 
acid  forms  with  it  a white  pasty  mass,  from  which  water  again  separates 
it  unaltered ; nitric  acid  decomposes  it ; concentrated  hydrochloric  acid 
ultimately  abstracts  part  of  its  iron.  Sulphuretted  hydrogen,  and  iron 
and  zinc  filings  render  it  white,  in  consequence  of  the  abstraction  of  part 
of  its  cyanogen.  The  alkalis  decompose  it  into  soluble  ferrocyanides 
and  oxide  of  iron,  hence,  as  a dyeing  material,  it  does  not  resist  the 
action  of  soap.  Boiled  in  water  with  peroxide  of  mercury,  it  forms 
cyanide  of  mercury,  and  an  insoluble  compound  of  cyanide  and  oxide  of 
iron.  According  to  Chevreul,  Prussian  blue  becomes  white  in  the  direct 
rays  of  the  sun,  but  regains  its  blue  color  in  the  dark.  It  is  occasionally 
used  in  the  composition  of  writing  fluids,  and  forms  the  basis  of 
Stephens’  blue  ink,  in  which  it  is  said  to  be  held  in  solution  by  oxalic 
acid.  It  is  extremely  hygrometric,  and  after  having  been  well  dried, 
speedily  attracts  moisture.  When  subjected  to  destructive  distillation,  it 
yields  a little  water  and  hydrocyanate  of  ammonia,  and  then  carbonate 
of  ammonia,  and  a black  carburet  of  iron  remains  in  the  retort. 

Prussian  blue  is  regarded  as  a compound  of  cyanogen  and  iron,  but 
various  views  have  been  taken  of  its  atomic  constitution,  according  as  it 
has  been  considered,  as  containing  or  not  containing  the  elements  of  water. 
From  the  researches  of  Berzelius,  it  appears,  if  considered  as  anhydrous, 
or  merely  retaining  adventitious  water,  to  be  constituted  of 


Iron  7 ....  196  ....  45-6 

Cyanogen  9 ....  234  ....  54‘4 


1 430  100-0 

The  nlthnale  elements^  therefore,  of  anhydrous  Prussian  blue,  are 


Iron 7 ....  196  ....  45-6 

Carbon 18  ....  108  ....  25-1 

Nitrogen  9 ....  126  ....  29*3 


1 430  100-0 

If,  therefore,  it  be  considered  as  re.sulting  from  tbe  mutual  reaction 
of  3 atoms  of  ferrocyanide  of  potassium  and  2 of  peroxide  of  iron,  it  will 
contain  3 atoms  of  ferroc3"anogen  and  4 of  iron,  that  is,  3 [K2,Cfy]  ~1- 
2 [Fe2,03]  m 6 [KG]  +Fe4,CFy3.  In  reference  to  this  view  of  the  consti- 
tution of  Prussian  blue,  it  may  be  observed,  that  ferrocyanogen  being 
bibasic,  is  equivalent  to  02,  and  consequently  Fe4,Cfy3  is  equivalent  to 
2[Fe203]  or  to  Fe406.  Prussian  blue  therefore  corresponds  under  this 
aspect  with  the  sesquioxide  and  sesquichloride  of  iron,  Fe203,  or  Fe2Cl3, 
the  03  or  Cl3  being  replaced  by  Cfyl  for  Fe2Cfyl^— Fe4Cfy3.  “It  must 
be  admitted,”  says  Dr.  Gregory,  “ to  be  a very  strong  argument  in  favour 
of  the  existence  of  ferrocyanogen  as  a bibasic  radical,  according  to  the 
theory  of  Liebig,  that  Prussian  blue,  on  all  other  theories,  the  most  com- 
plex and  anomalous  compound  in  the  whole  range  of  chemistry,  becomes 
quite  normal,  and  one  of  a series.”  The  following  diagram  represents 
this  view  of  the  formation  of  Prussian  blue,  with  the  atomic  Aveights  of 
the  respective  bodies. 
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3 atoms  of 
FeiTocyanide  of 
Potassium 
186  X 3 = 558, 


6 atoms  of 
Potassa 
43  X 3 = 288 


6 atoms  of 
Potassium 
40x6=240 


3 atoms  of 
Ferrocyanogen 
106  X 3 = 318 


6 atoms  of 
Oxygen 
8X6  = 48 


4 atoms  of 
Iron 

28X4=112 


1 atom  of 
Prussian  blue 
= 430 


2 atoms  of 
Sesquioxide  of 
Iron 

80  X 2 = 160 


Iron 4 ]12  ....  2f>-05 

Ferrocyanogen  3 ....  318  ....  7395 


Prussian  blue  1 430  1 00*00 


The  above  statement,  therefore,  represents  Prussian  blue  as  an  anhy- 
drous compound  of  ferrocyanogen  and  iron;  hut  it  is  generally  admitted 
that  it  cannot  practically  be  obtained  in  this  state,  and  that  it  ahvays 
contains  water,  or  the  elements  of  water,  which  cannot  be  expelled  with- 
out the  decomposition  of  the  compound  ; if  so,  it  must  probably  be  a 
hydioferrocyanate  of  sescjuioxide  of  iron  = 2 1 F’e203]  -b  3 [CfyH2]  — 1 atom 
of  anhydrous  Prussian  blue + 6 atoms  of  water:  or  as  follows  : 

Sesquioxide  of  iron....  2. ...160... .33*06)  _ (Anhydrous  Prussian  blue  1... .430... .88*9 
llydroferrocyanic  acid  3. ...324. ...66*94  j ~ I Water  6....  54.. ..11*1 


Hydrated  Prussian 
blue 


484  100*00 


484  100*0 


Ferrocyanides  with  two  Basic  Metals.  Ferrocyanide  of  potas- 
sium combines  with  other  ferrocyanides  to  form  a peculiar  class  of 
double  salts,  or  salts  in  which  1 atom  of  its  constituent  potassium  is 
replaced  by  1 atom  of  another  metal.  There  are  compounds  of  this  kind 
with  calcium,  barium,  strontium,  magnesium,  manganese,  and  iron;  also 
with  zinc,  copper,  and  silver. 

Ferrocyakide  of  Potassium  akd  Calcium.  K,Ca,  Cfy,or  [K2,Cfy 
-|-Ca2,Cfy]  falls  gradually  in  the  form  of  a white  crystalline  powder,  on 
mixing  concentrated  solutions  of  ferrocyanide  of  potassium  and  chloride 
of  calcium.  K2,Cfy  + CaCl=rKCl -{-KCaCfyL  This  salt  is  soluble  in 
795  parts  of  water  at  60°,  and  in  145  parts  at  212°.  When  dried  at  a 
high  temperature,  it  burns  like  tinder  into  a mixture  of  oxide  of  iron 
'with  the  cyanates  of  potassa  and  of  lime.  (Campbell.)  The  solution 
of  this  salt  in  boiling  water  is  yellow;  by  exposure  to  air  it  gradually 
becomes  green  and  red  from  the  deposition  of  oxide  of  iron,  and  cyanides 
are  formed.  (Berzelius.) 

Ferrocyanide  of  Potassium  and  Barium.  KBaCfy,  crystallizes 
out  of  the  mixed  hot  solution  of  the  two  ferrocyanides  ; the  crystals  are 
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small,  and  require  36  of  cold  and  12  of  boiling  water  for  solution.  They 
contain  1 1T9  cc/z/.  of  Avater.  (Mosa.kder.  Duflos.) 

Eerrocyanide  of  Potassium  and  Magnesium.  KMgCfy,  falls  on 
mixing  concentrated  solutions  of  ferrocyanide  of  potassium  and  a mag- 
nesian salt:  it  dries  into  a Avliite  powder  soluble  in  1575  of  cold  and 
238  of  boiling  Avater.  The  latter  solution  is  yelloAA^,  forms  no  deposit, 
becomes  greenish  by  exposure  to  air,  and  then  red  from  deposition  of 
oxide  of  iron,  a cyanide  being  at  the  same  time  formed.  (Berzelius.) 

Ferrocyanide  of  Potassium  and  Manganese.  KlMiiCfy.  When 
a solution  of  a protosalt  of  manganese  is  dropped  into  a solution  of  ferro- 
cyanide of  potassium,  a grey  precipitate  falls,  AA’hich  becomes  blue  by 
exposure.  If  the  solution  of  ferrocyanide  of  potassium  be  dropped  into 
that  of  the  salt  of  manganese,  the  Avhite  or  pinkish  precipitate  is  alAATiys 
slightly  contaminated  by  the  double  salt  : it  contains  about  3 per  cent,  of 
potassium.  (Mosander.) 

Ferrocyanide  of  Potassium  and  Iron.  It  has  already  been  ob- 
seiwed  that  the  Avliite  precipitate  resulting  from  the  action  of  ferrocyanide 
of  potassium  upon  a protosalt  of  iron  contains  potassium,  and  that  its 
constitution  has  been  yariously  represented.  Liebig,  upon  the  authority 
of  Berzelius’s  analysis,  considers  it  as  a compound  of  3 atoms  of  iron  and 
1 of  potassium,  Avith  2 of  ferrocyanogen.  (Fe3,K,Cf\ 2.)  Of  the  4 
atoms  of  potassium  contained  in  2 of  ferrocyanide  of  potassium,  3 are 
replaced  by  3 of  iron  to  form  the  AA’hite  precipitate,  Avhile  the  3 of 
potassium  unite  Avith  the  former  radical  of  the  salt  of  iron.  Thus  (in  the 
decomposition  of  3 atoms  of  protochloride  of  iron  by  2 of  ferrocyanide  of 
potassium)  3 [FeCl]  -f  2 [K2,Cfy]  = [Fc:i,K,Cfy2]  + 3 [KCl.]  The  Avhite 
precipitate  blues  by  exposure,  and  absorbing  oxygen  yields  ferrocyanide 
of  potassium  Avhen  AAmshed,  and  after  the  soluble  matters  are  thus  dis- 
soh^ed  out  of  it,  a blue  basic  sesqtiiferrocyanide  of  iron  (basic  Prussian 
blue)  remains.  If  the  Avashing,  hoAveA’er,  be  continued,  the  Avliole  of  the 
precipitate  may  be  gradually  dissoh^ed,  furnishing  a dark  blue  liquor, 
Avhich  may  be  eATiporated  to  dryness  Avithout  decomposition.  The  blue 
liquor  is  not  precipitated  by  alcohol,  but  Avhen  solution  of  sulphate  of 
potassa  (and  certain  other  salts)  is  added,  it  deposits  a blue  flocculent 
precipitate,  again  perfectly  soluble  in  pure  Avater.  Liebig  represents  the 
soluble  blue  compound  by  the  formula  Fe4,3Cfy -}- Fe203,  Avhich  corre- 
sponds to  a compound  of  I atom  of  Prussian  blue  and  I of  sesquioxide  of 
iron.  The  presence  of  a strong  acid  prcA^ents  the  formation  of  this 
soluble  blue  compound  by  abstracting  the  peroxide  of  iron,  and  leaAung 
Prussian  blue. 

Compound  q/"  ferrocijanide  of  potassium  with  Prussian  blue.  The 
blue  precipitate  AA'hich  falls  on  adding  a persalt  of  iron  to  solution  of  fer- 
rocyanide of  jAotassium  always  contains  a yariable  quantity  of  ferrocyanide 
of  potassium  Arhen  the  salt  of  iron  is  in  excess.  By  repeated  Ayashing 
the  precipitate  may  be  deprived  entirely  of  ferrocyanide  of  potassium, 
but  it  is  a troublesome  process,  and  hence  it  is  that  the  Prussian  blue  of 
commerce  is  ncA'cr  free  from  potassium,  containing  from  2 to  9 per 
cent.  If,  in  preparing  Prussian  blue,  the  ferrocyanide  of  potassium  be  in 
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excess,  the  precipitate  consists  of  a mixture  of  Prussian  blue  with  an 
atomic  combination  of  Prussian  blue  and  ferrocyanide  of  potassium  rr: 
Ee2,K,2Cfy,  or  rather  Fe4,Cfy3  + K2,Cfy.  This  compound  dissolves  when 
the  precipitate  is  washed,  forming  a deep  blue  liquor,  which  may  be  eva- 
porated to  dryness  without  decomposition  : on  adding  foreign  salts  to  it, 
it  is  precipitated,  but  it  always  remains  soluble  in  pure  water  ; it  is  dis- 
tinguished from  the  preceding  basic  Prussian  blue  by  being  precipitated 
from  its  solutions  by  alcohol,  which  that  compound  is  not.  (Liebig.) 


Ferridcyanogen.  Fe2,Cy6z=:Cfdy.  This  assumed  tribasic  salt  radi- 
cal has  not  been  isolated:  it  is  isomeric  with  ferrocyanogen,  being  formed 
by  the  coalescence  of  2 atoms  of  that  compound:  its  elements  are 


Iron 2 ....  56  ....  26'41 

Carbon  12  ....  72  ....  33-96) 

Nitrogen 6 ....  84  ....  39-63j 


Iron 2 ....  56  ....  26-41 

Cyanogen  ....  6 ....  156  ....  73-59 


Ferridcyanogen  1 212  100-00 


212  100-00 


Ferridcyanide  of  Hydrogen.  Ferridcyanic  Acid.  Hydrofer- 
RiDCYANic  Acid.  Fe2,Cy6,H3;  or  Cfy2,H3;  iz=:Cfdy,H3.  This  acid  is  pre- 
pared by  decomposing  recently  precipitated  ferridcyanide  of  lead  by  dilute 
sulphuric  acid  or  by  sulphuretted  hydrogen : by  filtration,  a yellow  liquor 
is  obtained,  which  by  very  slow  spontaneous  evaporation  deposits  crystals; 
if  heat  be  used,  a brown  powder  remains  : its  aqueous  solution  gradually 
decomposes,  especially  if  heated,  and  deposits  a blue  crystalline  powder. 
Its  elements  are 


Iron  

2 . 

...  56  . 

...  26-05 

Iron  

, 2 .. 

..  56  . 

...  26-05 

Carbon  

Nitrogen  

12  . 

6 . 

...  72  ., 
...  84  . 

...  33-49) 

...  39-07) 

Cyanogen  .... 

6 .. 

..  156  . 

...  72-56 

Hydrogen 

3 . 

...  3 . 

...  1-39 

Hydrogen  .... 

, 3 .. 

..  3 . 

...  1-39 

Ferridcyanic  acid 

1 

215 

100-00 

1 

215 

100-00 

This  acid,  in  combining  with  metallic  oxides,  produces  Avater  and  a 
metallic  ferridcyanide,  its  hydrogen  being  replaced  by  the  metal : its 
compounds  ivith  the  metals  of  the  alkalis  and  alkaline  earths  are  soluble 
in  water  : the  others  are  insoluble,  and  are  formed  by  the  reaction  of  a 
soluble  ferridcyanide  upon  solutions  of  the  metallic  salts. 


Ferridcyanide  of  Potassium.  When  chlorine  is  passed  through  a 
solution  of  ferrocyanide  of  potassium  till  the  liquor  ceases  to  precipitate 
Prussian  blue  from  the  persalts  of  iron,  and  if  it  be  then  filtered  and 
slowly  evaporated,  it  furnishes  right  rhombic  prismatic  crystals,  wdiich, 
purified  by  a second  solution,  assume  a ruby-red  color;  they  are  anh}'- 
drous,  and  require  3'8  parts  of  cold  water  for  solution,  and  are  nearly 
insoluble  in  alcohol.  They  burn  with  brilliant  scintillations,  and  when 
heated  in  close  vessels,  give  off  cyanogen  and  nitrogen,  and  leave  ferro- 
cyanide of  potassium  and  carburet  of  iron.  AVhen  dissolved  in  Avater, 
this  salt  is  decomposed  by  sulphuretted  hydrogen,  sulphur  and  cyanide 
of  iron  are  precipitated,  and  hydrocyanic  acid  and  ferrocyanide  of  potas- 
sium formed.  This  salt  occasions  no  precipitate  in  solutions  of  iron  con- 
taining the  peroxide  only,  but  it  is  a most  delicate  test  of  the  protoxide, 
with  which  it  forms  a blue  precipitate.  It  is  constituted  of 
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Potassium  3 ....  120  ....  36*14 

Ferridcyanogen  1 ....  212  ....  63*86 


Ferridcyanide  of  potassium 1 

The  ultimate  elements  of  the  salt  are 

Potassium  3 

Iron  2 

Carbon  12 

Nitrogen  6 


332  100*00 


20  ....  36*14 

56  ....  16*87 

72  ....  21*68 

84  ....  25*31 


Ferridcyanide  of  potassium  ....  1 332  100*00 

Although  the  action  of  chlorine  furnishes  the  readiest  mode  of  con- 
verting  ferrocyanide  into  ferridcyanide  of  potassium,  there  are  other 
agents  by  which  the  same  change  may  be  effected.  (Smee,  Phil.  Mag. 
and  Aim..,  Sept.  1840.) 

Phe  ferridcyamdes  of  .sodium.,  harium  and  calcium.,  may  be  obtained 
by  the  same  process,  care  being  taken  to  avoid  excess  of  chlorine,  ivhich 
is  apt  to  react  upon  the  salt. 

Ferridcyanide  of  potassium  throws  down  the  following  metals,  of  the 
annexed  colors. 


Titanium Brownish  yellow 

Uranium Reddish  brown 

ISlanganese  ....  Brownish  grey 

Cobalt Dark  red-brown 

Nickel Yellowish  brown 

Copper Dirty  yellow-brown 


Silver  Orange-yellow 

Mercury  ....  Yellow  (both  oxides) 

Tin  White 

Zinc Orange 

Bismuth  ....  Yellow-brown 


Ferridcyanide  of  Iron.  Fe3,Cjfdy;  or  Fe3[Cy6Fe2.]  This  is  the 
precipitate  formed  by  adding  solution  of  ferridcyanide  of  potassium  to  a 
protosalt  of  iron ; it  is  produced  by  the  substitution  of  3 atoms  of  iron  for 
the  3 of  potassium:  it  is  known  in  commerce  as  Turnbull' s blue.  It 
may  also  be  prepared  by  adding  to  a protosalt  of  iron  a mixture  of  ferro- 
cyanide of  potassium  and  chloride  of  soda,  to  which  hydrochloric  acid  has 
been  previously  added.  It  is  distinguished  from  common  Prussian  blue 
by  its  action  on  ferrocyanide  of  potassium,  for  when  boiled  in  a solution 
of  the  latter  salt,  it  decomposes  it  into  ferridcyanide,  which  is  dissolved, 
and  into  an  insoluble  grey  residue  of  ferrocyanide  of  iron  and  ferrocyanide 
of  potassium.  (Campbell.)  It  consists  of 


Iron 

F erridcyanogen 


3 

1 


84 

212 


28  37 
71*63 


Ferridcyanide  of  iron 1 

Its  ultimate  elements  are 

Iron  5 

Carbon  12 

Nitrogen  6 


1 


296 


140 

72 

84 

296 


100*00 


47*29 

24*34 

28*37 

100*00 


Ferridcyanide  of  iron  .... 

The  weight  of  iron  in  the  common  Prussian  blue  is  to  that  in  the 
ferridcyanide  (Turnbull’s  blue)  as  14  to  15,  as  is  evident  from  the  fol- 
lowing formulae.  (Turner.) 

6Cfy -f  8Fe=Common  Prussian  blue. 

6Cfy-f9Fe= Prussian  blue  from  ferridcyanide. 
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Mi:llonides  op  Iron.  The  protomellonide  is  thrown  down  as  a pale 
grey,  and  the  permellonide  as  a dark  yellow  precipitate.  (Liebio.) 

SuLPiiocYANiDES  OP  Iron.  A prolosid'iihocyamde—Ye^(uy^^2  is  formed 
by  digesting  iron  in  hydrosulphocyanic  acid : the  solution  is  pale  bluish- 
green,  but  becomes  blood-red,  and  deposits  oxide  when  exposed  to  air. 
It  has  not  been  obtained  in  a solid  form.  (Berzelius.) 

Persul'phocy ankle  of  Iron  — 2Fe,3[CyS2.]  ri3'drosulphocyanic  acid 
is  so  easily  decomposed  by  peroxide  of  iron,  that  when  filtered,  it  often 
acquires  a red  tint  from  traces  of  iron  in  the  filtering  paper.  The  red 
color  of  this  compound  is  so  intense,  as  to  render  it  a most  delicate  test 
of  the  presence  of  iron  in  the  state  of  peroxide;  and  it  may  be  used  to 
indicate  the  slightest  traces  of  that  oxide  in  solutions  of  the  protosalts, 
taking  care  that  air  be  excluded.  This  sulphocyanide  is  best  obtained  by 
digesting  hydrated  peroxide  of  iron  in  aqueous  hydrosulphocyanic  acid, 
and  evaporating  in  vacuo.  It  forms  a red  deliquescent  mass  soluble  in 
alcoliol : both  its  aqueous  and  alcoholic  solution,  when  evaporated  in  the 
air,  absorb  ox3'gen,  depositing  a basic  persalt,  whilst  a protosulphoc3mnide 
and  protosulphate  of  iron  remain  in  solution.  (Berzelius.)  When  the 
red  solution  of  this  salt  is  so  exposed  to  the  sun,  that  the  ra3"S  pass 
through  the  glass  jar  containiiig  it,  it  is  rendered  colorless,  but  the  color 
is  retained  or  restored  when  the  ra3^s  pass  directly  from  the  air  into  the 
fluid  : so  that  when  a properl}’’  diluted  solution  is  placed  in  a cylindrical 
glass  vessel  in  direct  sunshine,  it  loses  color  in  the  morning  till  about 
eleven  in  the  forenoon,  when  the  rays  beginning  to  fall  upon  the  sur- 
face exposed  to  the  air,  gradually  restore  the  color,  which  attains  its 
maximum  about  two  o’clock.  The  salt  is  most  readily  bleached  113’’ 
the  green  rays,  and  it  appears  generally  as  if  the  colored  rays  were 
most  effective  in  destroying  their  complementary  tints.  (Grotthus.)  In 
these  cases  the  sulphocyanogen  appears  to  be  partially  decomposed,  and 
a protosulphoc3mnide  formed  in  the  solution,  which  the  air  again  partly 
restores  to  the  state  of  persalt,  the  continuance  of  these  changes  of  color 
terminating  in  the  decomposition  of  the  sulphocyanide.  (Meitzendorff. 
Berzelius  Lelirbuchl) 

Boruret  of  Iron.  A compound  of  boron  and  iron  results  from 
the  action  of  hydrogen  at  a red  heat  upon  borate  of  iron.  (Lassaigne.) 
According  to  Arfwedson,  the  boracic  acid  is  not  susceptible  of  such 
decomposition. 

Protoborate  or  Iron  is  an  insoluble  yellowish  powder,  obtained  by 
adding  a solution  of  borate  of  soda  to  protosulphate  of  iron.  (Scheele.) 
According  to  Tiinnermann  the  precipitate  is  greenish,  and  the  ivhole  of 
the  acid  may  be  washed  out  of  it. 

Perborate  op  Iron  is  yellow  and  insoluble.  It  Is  formed  by  adding 
borate  of  soda  to  persulphate  of  iron  : it  is  vitrifiable  at  a high  heat. 
(Berzelius.) 

Alloys  of  Iron.  Iron  and  Fotassimn  form  a white  soft  alloy  which 
effervesces  in  water.  Wlien  a mixture  of  charcoal,  iron-filings,  and 
magnesia  is  exposed  to  its  fusing  heat,  the  resulting  globule  contains 
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traces  of  magnesium.  With  lime  no  analogous  effect  ensues.  The  alloy 
of  iron  and  manganese  is  'white,  hard,  and  brittle,  and  sometimes  by  its 
presence  confers  peculiar  characters  and  a damasked  appearance  on  steel. 
A little  iron  in  manganese  diminishes  its  tendency  to  oxidizement.  Iron 
containing  22  per  cent,  of  manganese  is  no  longer  magnetic.  (Musiiet.) 

The  general  charaeters  of  the  ferrous  and  ferric  salts  have  already 
been  enumerated  at  pages  744:  and  719. 

None  of  the  metals  precipitate  iron  in  a metallic  state,  if  'we  except 
zinc  and  cadmium,  which  effect  an  imperfect  precipitation,  especially 
from  some  of  its  protosalts,  in  vessels  excluded  from  the  access  of  air. 
Before  the  blow-pipe,  peroxide  of  iron  produces  with  microcosmic  salt,  or 
borax,  in  the  exterior  flame,  a glass,  which  is  blood-red  wliile  hot,  but 
yellow  Avhen  cold.  The  protoxide  forms  with  these  fluxes  a green  glass, 
which,  by  increasing  the  proportion  of  the  oxide,  passes  through  bottle- 
green  to  black,  and  is  opaque.  The  glass  from  the  peroxide  becomes 
green  in  the  interior  flame,  and  is  reduced  to  protoxide,  and  becomes 
attractable  by  the  magnet.  When  placed  on  the  wick  of  a candle,  it 
burns  with  the  crackling  noise  peculiar  to  iron. 

The  separation  of  iron  from  other  metals  may  in  many  cases  be 
eflectually  attained  l)y  the  following  process,  first  suggested  by  Ilerschel 
{Phil.  Trans. 1821,  p.  293):  “The  solution  containing  iron  is  to  be 
brought  to  the  maximum  of  oxidation  by  boiling  Avith  nitric  acid,  it  is 
then  to  be  just  neutralized,  while  in  a state  of  ebullition^  by  carbonate  of 
ammonia.  The  vdiole  of  the  iron,  to  the  last  atom,  is  precipitated,  and 
the  Avhole  of  the  other  metals  present  (which  I suppose  to  be  manganese, 
cerium,  nickel,  and  cobalt)  remains  in  solution.”  (See  also  paper  on  this 
subject  by  Liebig,  Ann.  Ch.  el  Ph..,  Nov.  1831.)  In  analytical  opera- 
tions iron  is  almost  always  Aveighed  as  peroxide. 

The  separation  of  protoxide  from  peroxide  of  iron,  avIh  n existing 
together  in  solution,  maybe  effected  by  boiling  with  carbonate  of  baryta ; 
the  persalt  only  is  decomposed,  and  the  filtered  solution  contains  the 
protosalt. 

Manufactuke  of  Iron  and  Steel.  It  has  already  been  stated  that 
the  nodular  argillaceous  carbonated  iron-ore  of  the  coal  formation,  is 
chiefly  resorted  to  in  this  country  as  the  source  of  the  metal ; the  fol- 
lowing is  an  outline  of  the  process  of  reduction.  (Aikin’s  Dictionarij ; 
Supplement  to  the  Encyclopaedia  Britannica ; Lardner’s  Cyclopaedia ; 
Dujmas,  Chimie  app.  aux  Arls.) 

The  first  process  that  the  ore  undergoes  after  it  has  been  broken  into 
small  pieces,  is  roasting.  This  is  performed  as  folloAvs  : Upon  an  oblong 
piece  of  firm  and  level  ground  is  laid  a bed  of  small  coal,  from  four  to 
eighteen  inches  thick;  upon  this  is  placed  a stratum  of  ironstone,  from 
eighteen  inches  to  two  feet  thick,  the  upper  surface  of  Avhich  is  rendered 
more  compact  by  filling  up  the  interstices  Avith  smaller  pieces.  Ujmn 
this  rests  a layer  of  small  coal  not  more  than  two  inches  thick,  and  on 
this,  as  a base,  is  reared  a gradually-diminishing  pile  of  ore ; finally,  the 
AA’hole  external  surface  receives  a complete  covering  of  small  coal  and  coal 
dust.  The  pile  is  kindled  by  applying  burning  coals  to  the  lower  stra- 
tum. Tiie  breadth  of  the  pile  at  the  bottom  varies  from  ten  to  sixteen 
feet,  the  usual  height  is  about  five  feet,  and  the  length  varies  from  thirty 
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feet  to  sixty  yards.  When  the  coals  are  consumed,  the  pile  gradually 
cools,  and  in  eight  or  ten  days  may  be  wheeled  away  to  the  furnace.  The 
ore,  if  well  roasted,  will  now  be  of  a reddish-brown  color,  of  diminished 
specific  gravity,  and  will  have  become  magnetical ; the  sulphur,  water, 
inflammable  matter,  and  carbonic  acid,  that  it  originally  contained,  will 
have  been  dissipated,  and  it  is  now  ready  to  be  smelted.  The  smelling- 
furnace  resembles  externally  a truncated  quadrilateral  pyramid  of  consi- 
derable height  in  proportion  to  its  thickness;  it  is  built  of  strong  masonry, 
with  contrivances  to  obviate  the  danger  of  its  cracking  by  the  expansion 
that  takes  place  when  it  is  heated.  The  interior  of  the  furnace  consists  of 
the  five  following  parts,  reckoning  from  the  bottom  upwards.  The  hearth,, 
composed  of  a single  block  of  quartz-grit  about  two  feet  square  : upon 
this  is  erected  what  in  France  and  Germany  is  called  the  crucible,  which 
is  a four-sided  cavity  six  feet  six  inches  high,  slightly  enlarging  upwards 
so  as  to  be  two  feet  six  inches  square  at  the  top : the  part  above,  called 
the  boshes,,  is  in  the  shape  of  a funnel  or  inverted  cone,  eight  feet  in  per- 
pendicular height,  and  twelve  feet  in  diameter  at  the  top;  this  terminates 
in  the  cavity  of  the  furnace,  which  is  of  a conical  figure,  thirty  feet  high, 
and  three  feet  diameter  at  the  top;  from  this  part  it  enlarges  into  a fun- 
nel-shaped chimney,  about  eight  feet  high,  and  sixteen  in  diameter  at  its 
mouth.  About  two  feet  above  the  hearth  is  a round  aperture,  called  the 
Tuyere  or  Trveer,  made  in  one  of  the  sides  of  the  crucible  to  admit  the 
extremity  of  the  blast-pipe,  through  which  the  air  in  a high  state  of 
compression  is  forced  into  the  furnace;  and  at  the  bottom  of  the  crucible 
is  an  aperture,  through  which  the  scoriee  and  melted  metal  are  from  time 
to  time  discharged.  A furnace  of  this  construction,  if  it  meets  with-  no 
accident,  may  be  kept  in  constant  work  for  three  years  or  more  without 
requiring  any  repairs.  The  furnace  is  charged  at  the  chimney,  by  regular 
intervals,  with  coke,  iron-ore,  and  limestone,  in  the  proportion  of  about 
four  of  the  first,  three  and  one-third  of  the  second,  and  one  of  the  third, 
by  weight,  care  being  taken  so  to  regulate  the  frequency  of  the  charges, 
as  that  the  furnace  shall  be  always  full  nearly  to  the  top  of  the  great 
cavity.  The  density  of  the  blast  and  the  form  of  the  discharging-pipe  are 
ordered  so  that  the  chief  focus  of  heat  is  about  the  bottom  of  the  boshes; 
hence  the  ore  has  to  descend  about  thirty-eight  feet  perpendicular,  before 
it  arrives  at  the  place  where  the  fusion  is  effected.  This  does  not  happen 
in  less  than  fortj^-eight  hours ; so  that  the  ore  is  all  this  time  in  a state  of 
cementation  at  a high  temperature,  in  contact  with  the  burning  fuel,  and, 
in  consequence,  is  almost  saturated  with  carbon  when  it  reaches  the 
hottest  part  of  the  furnace.  Being  arrived  at  this  place,  the  limestone 
flux,  and  the  earthy  particles  of  the  coke  and  ore,  run  down  into  a slag*; 
the  iron  is  also  melted,  and  more  or  less  decarbonized,  and  in  part  oxi- 
dated by  the  blast,  inversely  according  to  the  proportion  of  fuel  Avith 
which  it  is  mixed.  The  fluid  mass  soon  sinks  down  below  the  influence 


* The  slag  chiefly  consists  of  silica  in 
combination  with  lime,  alumina,  magnesia 
and  the  protoxides  of  manganese  and  iron. 
According  to  Mitscherlich  {Ann.  Ch.  et  Ph., 
xxiv.),  it  frequently  consists  of  a bisilicate 
of  lime  and  magnesia  with  more  or  less  pro- 
toxide of  iron;  and  this  compound  even 


forms  crystals  resembling  The 

production  of  artificial  minerals  by  these 
processes,  is  a subject  of  extreme  interest 
and  importance,  both  in  a geological  and 
chemical  view,  and  an  excellent  field  for 
experimental  inquiry. 
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of  the  blast,  and  while  it  remains  quiet  at  the  bottom  of  the  furnace,  the 
globules  of  iron  are  precipitated  from  the  slag,  and  occupy  the  lowest 
place,  while  the  covering  of  scoria  thus  interposed  between  the  metal  and 
that  portion  of  the  blast  which  is  reflected  downwards,  prevents  it  from 
suflering  any  further  loss  of  carbon.  In  proportion  as  the  melted  matter 
accumulates,  the  slag,  being  the  uppermost,  flows  out  at  the  aperture 
made  for  this  purpose : the  iron  is  let  out  at  regular  intervals,  into  fur- 
rows made  in  sand,  where  it  forms  what  is  called  pig-iron;  or  into  a large 
reservoir,  whence  it  is  poured  by  means  of  ladles  into  moulds,  forming  all 
the  various  articles  of  cast-iron  ware 


* The  following  description  and  section 
of  an  iron  smelting-furnace,  is  from  the 
Cabinet  CyclopcBclia. 

The  exterior  fabric  of  a blast  furnace, 
or  stack  as  it  is  called  generally,  resembles 
a truncated  pyramid,  constructed  within  of 
fire-proof  materials,  and  without  of  bx'ick 
or  stone,  according  to  circumstances.  The 
shape  of  the  internal  orifice  has  been  com- 
pared to  a wine  decanter  placed  upon  a 
funnel,  the  greatest  diameter  of  which  is 
equal  to  the  bottom  of  the  decanter.  The 
dimensions  may  be  as  follows  : — The  total 
height  of  the  furnace  fifty  feet,  the  width 
of  the  top  four  feet  diameter,  the  middle 
thirteen  feet,  the  bottom  two  feet  square, 
which  is  placed  upon  one  end  of  a trough, 
six  feet  long,  two  deep,  and  two  wide, 
called  the  hearth.  The  blast  is  introduced 
immediately  above  the  hearth  by  a pipe  of 
about  two  inches  diameter  on  each  side ; of 
course  before  the  metal  on  its  extraction 
from  the  ore  can  descend  into  the  hearth, 
it  must  pass  the  narrowest  and  hottest  part 
of  the  furnace. 

Figs.  320  and  321  represent  a vertical 
section  and  the  ground  plan  of  a common 
coke  blast  furnace,  reduced  from  the  work- 
ing plan  of  a practical  builder. 

A A,  (fig.  320),  the  outer  stack  or  build- 
ing composed  of  Ashler  stone  or  common 
brick. 


320 


hb,  an  inner  casing  of  masonry,  about 
fourteen  inches  thick,  which,  when  the 
furnace  requires  to  be  renewed  inside, 
admits  of  being  taken  down  and  rebuilt, 
without  injury  to  the  outer  fabric. 

cc,  a space  of  six  inches  filled  with  river 
sand,  compactly  rammed  in:  this  medium 
being  but  an  indifferent  conductor  of  heat, 
tends  to  preserve  the  casing  last  described. 

cld,  a coating  of  the  best  fire  bricks, 
fourteen  inches  in  thickness. 

E,  a semicircular  wall,  eight  or  nine  feet 
high,  for  the  purpose  of  preventing  the 
wind  from  blowing  the  flame  upon  the  men 
or  the  machinery  employed  in  serving  the 
furnace. 

EF,  a lower  wall,  surrounding  the  one 
last  mentioned,  on  the  summit  of  those 
furnaces  which  are  of  old  construction,  as 
supplied  by  men  from  baskets,  &c. 

G,  the  inside  of  the  furnace,  for  the  re- 
ception of  the  materials  during  the  process 
of  fusion.  The  metal,  as  disengaged  from 
the  ore,  descends  by  the  pipe  H into  the 
hearth  or  receptacle  in  the  centre  of  fig. 
321,  which  is  composed  of  similar  mate- 
rials with  the  superstructure. 

321 


The  double  lines  converging  from  the 
sides,  and  carried  through  the  outer  circle 
in  fig.  321,  are  simply  open  gutters  left  in 
the  stonewmrk  by  some  builders,  as  vents 
for  the  escape  of  any  small  quantities  of 
air  which  may  be  generated  by  what  they 
term  “the  swelling  of  the  furnace."  These 
are  not  always  inserted. 
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The  following  are  some  of  tlie  circumstances  in  the  smelting  which 
influence  the  quality  of  the  produce.  Much  depends  on  the  fuel:  if  the 
coke  is  not  perfectly  made,  but  retains  bitumen,  the  AYhole  mass  cakes  in 
the  upper  part  of  tlie  furnace,  and  instead  of  descending  regularly  to  the 
focus  of  heat,  falls  down  at  irregular  intervals,  so  that  part  of  the  metal 
is  detained  too  long  before  the  blast,  and  decarbonized  and  oxidated, 
while  other  portions  pass  so  rapidly  through  the  furnace  as  never  to  be 
thoroughly  reduced,  hence  the  amount  of  the  produce  is  diminished,  and 
its  quality  deteriorated.  Nor  is  it  of  less  importance  that  the  coke  should 
be  dry  wdien  put  into  the  furnace.  The  proporlion  of  fuel  should  also  be 
adapted  to  the  richness  of  the  ore,  so  that  there  may  be  sufficient  both  to 
keep  uj)  the  necessary  degree  of  heat,  as  well  as  to  carbonize  the  metal : 
lienee,  as  the  charges  of  ore  and  fuel  are  always  proportioned  by  measure, 
if  an  ore  somewhat  richer  than  usual  happens  accidentally  to  be  employed 
without  a corresponding  addition  of  fuel,  the  produce,  though  somewhat 
increased  in  quantity,  will  be  more  than  equivalently  reduced  in  qualit3^ 
Another  circumstance  that  the  manufacturer  must  carefully  attend  to,  is 
the  proper  choice  of  ore  with  regard  to  ft  silnlity  ; for,  as  it  is  not  only 
requisite  that  the  iron  should  be  melted,  but  also  highly  carbonized,  and 
as  coke  gives  off  its  carbon  more  difficultly  than  charcoal,  a very  fusible 
ore  would  melt  long  before  it  arrived  at  the  focus  of  the  furnace,  and 
passing  rapidly  through,  would  reach  the  hearth  without  having  had  time 
to  imbibe  the  proper  quantity  of  carbon.  Hence  it  is,  that  the  rich 
hoemaiites^  although  they  afford  an  excellent  quality  of  iron  when  smelted 
with  charcoal,  produce  nothing  but  white  iron  when  treated  in  the  coke- 
furnace  ; while,  on  the  other  hand,  argillaceous  ironsione  being  much 
more  refractory,  does  not  melt  till  it  comes  into  the  very  hottest  part  of 
the  furnace,  and  therefore  has  had  full  time  to  absorb  the  desirable  quan- 
tity of  carbon. 

Another  thing  to  be  attended  to  is  the  proper  regulalion  of  the  blast, 
and  this  depends  upon  its  diyness,  its  temperature,  its  compression, 
and  its  direction.  The  dryness  and  temperature  appear  to  be  principally 
governed  by  the  season  of  the  year.  The  dryer  and  colder  the  air  is,  tlie 
greater  will  be  its  effect  on  the  combustion  ; and  it  is  found  that  the 
produce  of  iron  during  the  summer  months,  is  inferior  in  quantity  and 
quality  to  that  which  is  manufactured  in  the  winter : a clear,  dry  and 
severe  frost  is  the  most  favorable  period  in  every  respect  for  the  working 
of  the  furnace,  and  a change  to  snow  or  rain  is  followed  by  a correspond- 
ing deterioration.  The  higher  the  temperature  of  the  blast  when  it  is 
delivered  into  the  furnace,  the  smaller  Avill  be  the  quantity  of  oxygen 
contained  in  eveiy  cubic  foot,  and,  of  course,  the  vigour  of  the  combus- 
tion^. Nor  is  the  force  of  the  blast  and  its  direction  a subject  of  less 


* Since  this  account  of  the  manufacture 
of  iron  was  written,  an  important  change 
has  been  suggested  in  the  introduction  of 
the  blast,  in  consequence  of  the  discovery 
by  Mr.  Neilson,  of  Glasgow,  of  the  saving 
of  fuel  and  improvement  in  the  iron,  by 
sending  a blast  of  hot,  instead  of  cold,  air, 
into  the  furnace.  A notice  of  this  disco- 
very is  given  by  Dr.  Clark  {Edin.  Phil. 


Trans.,  xiii.),  of  which  the  following  is  an 
abstract.  The  improvement  consists  in 
heating  the  air  in  its  passage  from  the  blow- 
ing machines  to  the  furnace,  and  the  fol- 
lowing are  the  results  of  this  system,  ob- 
tained in  the  Clyde  Iron-Works. 

During  the  ffi’st  six  months  of  1829, 
when  all  the  cast-iron  in  the  Clyde  Iron- 
Works  was  made  by  the  cold  blast,  a ton 
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importance ; it  is  obvious,  tliat  in  projmrtlon  as  the  charge  descends, 
tlie  carbonaceous  matter  is  continually  diminishing ; hence  the  proper 


of  cast-iron  required  for  fuel  to  reduce  it, 
8 tons  1^  cwt.  of  coal,  converted  into  coke. 
During  the  first  six  months  of  the  follow- 
ing year,  -when  the  air  was  heated  to  near 
300°  Fahr.,  one  ton  of  cast-iron  required  5 
tons  31  cwt.  of  coal,  converted  into  coke. 
The  saving  amounts  to  2 tons  18  cwt.  on 
the  making  of  one  ton  of  cast-iron;  but  from 
that  saving  comes  to  be  deducted  the  coals 
nsed  in  heating  the  air,  vrhich  were  nearly 
8 cwt.  The  net  saving  thus  was  2i  tons  of 
coal  on  a single  ton  of  cast-iron.  But 
during  that  year,  1830,  the  air  was  heated 
no  higher  than  300°  Fahr.  Ti  le  great  suc- 
cess, however,  of  those  trials,  encouraged 
the  iron-masters  to  try  the  effect  of  a still 
higher  temperature.  Nor  were  their  ex- 
pectations disap])ointed.  The  saving  of 
coal  was  greatly  increased,  so  that,  in  1831, 
]Mr.  Dixon,  of  Calder  Iron-Works,  at- 
tempted the  substitution  of  raw  coal  for 

X 

coke.  The  attempt  was  successful;  and, 
since  that  period,  the  raw  coal  has  been 
adopted  in  the  majority  of  the  Scotch  iron- 
works. The  temperature  of  the  air  under 
blast  had  now  been  raised  so  as  to  melt 
lead,  and  sometimes  zinc,  and  therefore  was 
above  600°  Fahr.,  instead  of  being  only 
300°,  as  in  the  year  1830.  It  became,  in 
consequence,  so  much  elevated  in  tempera- 
ture as  to  require  the  adoption  of  an  old 
invention  called  the  xvater-tweer,  which 
consists  in  surrounding  the  tuyere  with 
w’ater.  The  water  is  kept  continually 
changing  as  it  heats,  by  means  of  one  pipe 
to  admit  the  water  cold,  and  another  to  let 
it  escape  when  heated. 

During  the  first  six  months  of  the  year 
1833,  when  all  these  changes  had  been 
fully  brought  into  operation,  one  ton  of 
cast-iron  was  made  by  means  of  2 tons 

cwt.  of  coal,  (not  previously  converted 
into  coke.)  Adding  to  this,  8 cvvt.  of  coal 
for  heating,  we  have  2 tons  13)  cwt.  of  coal 
required  to  make  a ton  of  iron ; whereas, 
in  1829,  when  the  cold  blast  was  in  opera- 
tion, 8 tons  1^  c\vt.  of  coals  had  to  be  used. 
This  being  almost  exactlv  three  times  as 
much  we  have,  from  the  change  of  the  cold 
blast  to  the  hot,  combined  with  the  use  of 
coal  instead  of  coke,  three  times  as  much 
iron  made  from  any  given  weight  of  splint 
coal.  The  efficacy  of  a given  quantity  of 
air,  in  the  production  of  iron,  is  also  greatly 
increased,  and  the  requisite  proportion  of 
fiux  diminished. 

In  regard  to  the  cause  of  the  above  re- 
sults, Dr.  Clark  observes,  that  it  is  neces- 
sary to  discriminate  between  the  quantity 
of  fuel  consumed,  and  the  temjjerature  pro- 
duced. For  instance,  we  may  conceive  a 


stove  at  the  temperature  of  500°  and  lead 
put  into  it  to  melt.  Then,  since  the  melt- 
ing-point of  lead  is  more  than  100°  higher, 
it  is  evident  that  whatever  fuel  might  be 
consumed  in  keeping  that  stove  at  500°,  is 
consumed  to  no  purpose.  In  the  manu- 
facture of  cast-iron  likewdse,  a certain  tem- 
perature is  required  to  work  the  furnace 
favourably,  and  all  the  fuel  consumed  to 
produce  any  loiver  degree  of  temperature, 
is  consumed  in  vain.  How  the  hot  blast 
increases  the  temperature  of  a furnace,  will 
appear  on  adverting  to  the  relative  weights 
of  the  solid  and  gaseous  materials  used  in 
the  reduction  of  iron.  As  nearly  as  may 
be,  a furnace,  as  wu-ought  at  Clyde  Iron- 
Works,  had  two  tons  of  solid  materials  an 
hour  put  in  at  the  top,  and  this  supply  was 
continued  for  23  hours  a-day;  one  half- 
hour  every  morning  and  evening,  being 
consumed  in  letting  off  the  iron.  But  the 
gaseous  material — the  hot  air — what  might 
be  the  weight  of  it  ? This  can  easily  be 
ascertained  thus:  I find,  by  comparing  the 
quantities  of  air  consumed  at  Clyde  and 
at  Calder  Iron- Works,  that  one  furnace 
requires  of  hot  air  from  2500  to  3000  cu- 
bical feet  in  a minute.  I shall  here  assume 
2867  cubical  feet  to  be  the  quantity;  a 
number  that  I adopt  for  the  sake  of  sim- 
plicity, inasmuch  as,  calculated  at  an  avoir- 
dupois ounce  and  a quarter,  which  is  the 
weight  of  a cubical  foot  of  air  at  50°  Fahr., 
these  feet  correspond  precisely  with  2 cw't. 
of  air  a minute,  or  six  tons  an  hour.  Two 
tons  of  solid  material  an  hour,  ])ut  in  at 
the  top  of  the  furnace,  can  scarce  hurtfully 
affect  the  temperature  of  the  furnace,  at 
least  in  the  hottest  part  of  it,  which  must 
be  far  down,  and  where  the  iron,  besides 
being  reduced  to  metal,  is  melted,  and  the 
slag  too  produced.  When  the  fuel  put  in 
at  the  toji  is  coal,  I have  no  doubt  that, 
before  it  comes  to  this  far-down  part  of  the 
furnace,  the  place  of  its  useful  activity,  the 
coal  has  been  entirely  coked ; so  that,  in 
regard  to  the  fuel,  the  new  process  differs 
from  the  old  more  in  appearance  than 
reality.  But  if  two  tons  of  solid  material 
an  hour,  put  in  at  the  top,  are  not  likely  to 
affect  the  temperature  of  the  hottest  part 
of  the  furnace,  can  w’e  say  the  same  of  six 
tons  of  air  an  hour,  forced  in  at  the  bottom 
near  that  hottest  part  t The  air  supplied 
is  intended,  no  doubt,  and  answers  to  sup- 
port the  combustion;  but  this  beneficial 
effect  is,  in  the  case  of  the  cold  blast,  inci- 
dentally counteracted  by  the  cooling  powder 
of  six  tons  of  air  an  hour,  or  twu)  cwt.  a 
minute,  which,  when  forced  in  at  the  ordi- 
nary temperature  of  the  air,  cannot  be 


754 


MANUFACTURE  OF  IRON. 


situation  for  the  focus  of  the  blast  is  that  part  of  the  furnace,  where, 
when  the  ore  shall  have  arrived,  it  will  he  fully  carbonized  and  sur- 
rounded with  a sufficient  quantity  of  fuel  to  excite  an  intense  heat,  and 
absorb  nearly  the  whole  of  the  oxygen  of  the  air,  and  thus  prevent  it  from 
either  oxidating  the  iron,  or  carrying  off  the  carbon  with  which  it  may 
be  combined.  This  precise  situation,  in  a furnace  properly  constructed, 
will  be  found  to  be  just  within  the  expansion  of  the  boshes  ; but  as  this 
is  more  than  four  feet  above  the  tuyere  hole,  the  blast  must  be  delivered 
with  great  velocity,  and  in  a direction  somewhat  slanting  upwards,  in 
order  that  it  may  be  reflected  by  the  opposite  wall  of  the  crucible,  and 
arrive  at  its  proper  place  without  undergoing  any  material  decomposition. 
When  the  blast  enters  too  rapidly,  and  in  too  concentrated  a state,  it 
renders  the  line  of  its  passage,  before  it  is  reflected,  so  cool,  that  the  de- 
scending slag  which  comes  within  its  influence  is  suddenly  solidified,  and 
blown  into  a tube,  reaching,  perhaps,  half-way  across  the  crucible,  through 
which  the  blast  continues  to  rush;  and  in  consequence  of  this  protection, 
is  conveyed  with  greater  precision,  and  in  a less  decomposed  state,  into 
the  upper  part  of  the  furnace.  If,  after  this,  the  compression  of  the  air  is 
somewhat  diminished,  the  tube  still  remains  firm,  often  for  days  together, 
and  the  furnace  works  in  the  best  manner.  But,  on  the  other  hand, 
when  too  loose  and  soft  a blast  is  admitted,  and  more  especially  if  it  is 
charged  with  moisture,  it  is  unable  to  reach  the  top  of  the  crucible  with- 
out being  decomposed,  and  the  reflection  which  it  undergoes  from  the 
wall  of  the  crucible,  weakens  and  disperses  it  to  such  a degree,  that  the 
combustion  which  ought  to  take  place  within  the  boshes,  now  occupies 
the  whole  upper  part  of  the  crucible : in  consequence  of  this,  the  tube  of 
scoria^  is  presently  burnt  away,  the  iron  almost  as  fast  as  it  is  melted,  is 
ignited  and  oxidized,  the  tuyere-hole  glows  like  the  sun,  with  an  intensely 
vivid  white  light ; the  scoriae,  from  being  yellowish-white  streaked  with 
blue,  become  green,  brown,  and  finally  black,  nearly  the  whole  of  the  iron 
in  the  state  of  oxide  being  taken  up  by  it ; the  blocks  of  refractory  grit- 
stone, with  which  the  lower  part  of  the  furnace  is  lined,  are  worn  into 
great  holes,  and  in  the  space  of  a few  hours  prodigious  damage  is  sus- 
tained. (Aikin’s  Dictionary^  Art.  Iron.) 

Varieties  of  Iron.  An  important  part  of  the  chemical  history  of 
iron  relates  to  the  varieties  of  the  metal  which  are  found  in  commerce. 
These  are  much  too  numerous  to  be  dwelt  upon  here;  so  that  we  shall 
limit  our  observations  to  the  principal  of  them  only,  which  are  cast-iron^ 
wrought-iron^  and  steel. 

Cast-iron  is  essentially  a suhcarhuret.  There  are  two  principal 
varieties  of  it,  distinguished  by  the  terms  white  and  grey.  White  cast- 


conceived  otherwise  than  as  a prodigious 
refrigeratory  passing  through  the  hottest 
part  of  the  furnace,  and  repi'essing  its 
temperature.  The  expedient  of  previously 
heating  the  blast  obviously  removes  this 
refrigeratory,  leaving  the  air  to  act  in  pro- 
moting combustion,  withoiit  robbing  the 
combustion  of  any  portion  of  the  heat  it 


produces.  (See  Dr.  Clark’s  paper.)  A 
short  account  of  the  contrivances  for  heat- 
ing the  air,  with  illustrative  diagrams,  and 
some  useful  memoranda  upon  the  subject 
of  cast-iron,  are  given  in  Grier’s  Me- 
chanic's Dictionary.  See  also  the  Ency- 
clopcedias. 
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iron  is  very  hard  and  brittle,  and,  when  broken,  of  a radiated  texture. 
Its  composition  approaches  to  Fe4,C.  Acids  act  upon  it  but  slowly,  and 
exhilut  a texture  composed  of  a congeries  of  plates,  aggregated  in  various 
positions.  (Dantell,  Quart.  Journ.  of  Science  and  Arts,  vol.  ii.,  p.  280.) 
Grey  or  mottled  iron  is  softer  and  less  brittle:  it  may  be  bored  and  turned 
in  the  lathe.  When  immersed  in  dilute  hydrochloric  acid,  it  affords  a 
large  quantity  of  black  insoluble  matter,  which  Daniell  considers  as  a 
triple  compound  of  carbon,  iron,  and  silicium,  and  which  has  some  very 
singular  properties.  The  texture  of  the  metal  resembles  bundles  of 
minute  needles.  This  variety  of  iron  is  occasionally  substituted  for 
wrought-iron,  from  its  toughness  and  comparative  purity;  it  sometimes 
contains  only  3 or  4 per  cent,  of  foreign  matter.  Beams,  employed  in 
building,  and  various  parts  of  machinery,  which  formerly  were  exclusively 
made  of  wrought  iron,  are  now  frequently  cast.  When  cast-iron  is 
long  submerged  in  sea-water,  it  often  becomes  converted  into  a sub- 
stance much  resembling  graphite,  a great  part  of  the  iron  having  been 
removed  whilst  the  carbon  remains:  this  change  is  especially  observed 
in  blocks  of  iron  which  have  been  attached  to  the  copper  sheathing 
of  ships,  with  a view  of  preventing  its  corrosion  (p.  224).  Much  in- 
formation on  the  subject  of  the  corrosion  of  iron  by  water  is  contained 
in  a report  by  Mr.  Mallet  to  the  British  Association  (1839);  he  has 
also  communicated  a valuable  paper  on  the  subject  to  the  Society  of  Civil 
Engineers. 

A curious  operation  is  often  performed  upon  small  articles  made  of 
cast-iron,  in  order  to  convert  them  into  malleable  iron,  which  is  termed 
decarbonization.,  and  is  sometimes  practised  upon  steel:  it  consists  in 
bedding  the  articles  in  powdered  oxide  of  iron  {haematite  is  generally 
used),  and  exposing  them  to  a red-heat:  the  carbon  is  thus  abstracted 
from  the  cast-iron,  and  it  becomes  as  flexible  and  malleable  as  wrought- 
iron. 

The  following  are  the  analyses  of  three  samples  of  the  best  grey  cast- 
iron,  from  the  furnaces  of  South  Wales,  by  Gay  Lussac. 


I.  II.  III. 

Carbon  2*450  ....  2*550  ....  1*606 

Silicium 1*020  ....  1*200  ....  3*000 

Phosphorus  0760  ....  0*440  ....  0*492 

Manganese  a trace  ....  a trace  ....  a trace 

Iron  95*150  ....  95*810  ....  94*842 


100*000  100000  100*000 

In  some  foreign  cast-iron  the  proportion  of  manganese  is  much  more 
considerable,  amounting  to  from  2 to  5 per  cent.  It  will  be  obvious,  by 
a reference  to  the  composition  of  steel,  that  if  the  process  of  decarboniza- 
tion be  not  carried  to  its  full  extent,  cast-iron  may  thus  be  converted  into 
steel;  and  what  is  termed  natural  steel  is  in  fact  steel  so  obtained. 

Wrougiit-iron.  Cast-iron,  after  it  has  been  to  a certain  extent 
refined,  by  fusion  in  a forge,  in  contact  with  charcoal,  is  in  this  country 
converted  into  wrought-iron  by  a curious  process,  called  puddling.  The 
cast-iron  is  put  into  a reverberatory  furnace,  and  when  in  fusion  is  stirred, 
so  that  everv  part  may  be  exposed  to  the  air  and  flame.  After  a time 
Vol.  II.  3 D 
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the  mass  heaves,  emits  a blue  flame,  and  gradually  grows  tough,  and 
becomes  less  fusible,  and  at  length  pulverulent;  the  fire  is  then  urged,  so 
that  the  particles  again  agglutinate  at  a welding  heat,  and  are  gradually 
wrought  up  into  masses.  In  that  state  of  intense  heat  the  masses  are 
passed  successively  between  rollers,  by  which  a large  quantity  of  extra- 
neous matter  is  squeezed  out,  consisting  chiefly  of  fusible  carburet  of  iron 
and  slag,  and  the  iron  becomes  malleable.  The  bars,  into  which  it  is 
formed,  are  cut  into  pieces,  placed  in  parcels  in  a very  hot  reverberatory 
furnace,  and  again  hammered,  or  rolled  out  into  bars.  They  are  thus 
rendered  more  tough,  flexible,  and  malleable,  but  much  less  fusible,  and 
may  be  considered  as  nearly  pure  iron. 

The  process  of  puddling  has  lately  been  improved  by  adding  oxide  of 
iron,  or  of  manganese,  to  the  mass  of  iron,  so  as  to  assist  in  burning  out 
the  carbon.  Cast  iron  may  be  represented  as  a carburet,  composed  nearly 
of  4 atoms  of  iron  (28x4)  = 112,  and  1 of  carbon  6;  ‘Hhus,  by 
heating  together  2 parts  of  cast-iron  and  1 of  the  scales  of  black  oxide  of 
iron  from  a forge,  all  the  carbon  and  oxygen  pass  off  as  carbonic  acid, 
and  the  iron  of  both  remains  pure.  Fe304  andFe8C2  produce  Fell  and 
2C02.”  (Kane.) 

Steel.  This  extraordinary  and  valuable  substance  is  a compound  of 
iron  with  a small  relative  proportion  of  carbon*,  which  varies  in  the 
varieties  of  steel.  Other  substances  are  also  occasionally  present,  which 
apparently  modify  some  of  its  characters : traces  of  phosphorus,  sulphur, 
and  manganese,  are  not  uncommon.  It  combines  the  fusibility  of  cast 
with  the  malleability  of  bar-iron,  and  when  heated  and  suddenly  cooled 
30  it  becomes  very  hard.,  but  may  again  be  softened  by  the  careful  manage- 
ment of  heat;  hence  its  superiority  for  the  manufacture  of  cutting  instru- 
ments, and  an  almost  infinite  number  of  useful  purposes  in  the  arts.  If 
kept  for  a long  time  in  fusion,  it  loses  carbon  and  becomes  pure  iron. 
Its  texture,  when  examined  by  the  action  of  an  acid,  is  not  fibrous,  but 
lamellated. 

Steel  may  be  formed  from  the  native  oxides  of  iron,  or  from  the  purer 
varieties  of  cast-iron,  by  so  modifying  the  process  of  reduction  as  to  leave 
the  iron  in  combination  with  no  more  carbon  than  is  requisite,  and  in  that 
case  it  has  sometimes  been  termed  native  steel.  Iron  may  also  be  con- 


* The  identity  of  charcoal  and  diamond 
above  adverted  to,  receives  additional  proof 
by  the  conversion  of  iron  into  steel  when 
that  metal  is  ignited  with  diamond  powder. 
Upon  this  subject  some  controversy  will 
be  found  in  the  Phil.  Mag.,  vol.  v. ; the 
experimentum  crucis  is,  however,  due 
to  Pepys,  who  availed  himself  of  Chil- 
dren’s Voltaic  battery  of  large  plates  for  the 
production  of  the  requisite  heat  {Phil. 
Trans.,  1815,  p.  371):  he  bent  a wire 
of  pure  soft  iron  so  as  to  form  an  angle 
in  the  middle,  in  which  part  he  divided  it 
longitudinally  by  a fine  saw ; in  the  opening 
so  formed  he  placed  diamond-powder,  se- 
curing it  in  its  situation  by  two  finer  wires, 
laid  above  and  below  it,  and  kept  from 


shifting  by  another  small  wire,  bound  firmly 
and  closely  round  them.  All  the  wires 
were  of  pure  soft  iron,  and  the  part  con- 
taining the  diamond-powder  was  enveloped 
by  thin  leaves  of  talc.  Thus  arranged,  the 
apparatus  was  placed  in  the  electrical  cir- 
cuit, where  it  was  kept  red-hot  for  six 
minutes : on  opening  the  wire  the  diamond 
had  disappeared,  the  interior  surface  of  the 
iron  had  fused  into  numerous  cavities,  not- 
withstanding the  very  moderate  heat  to 
which  it  had  been  exposed,  and  all  that 
part  which  had  been  in  contact  with  the 
diamond  was  converted  into  perfect  blis- 
tered-steel.  A portion  of  it  being  heated 
red  and  plunged  into  water,  became  so  hard 
as  to  resist  the  file  and  to  scratch  glass. 
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verted  into  steel  by  passing  carburetted  hydrogen  over  the  bars  at  a high 
red  heat.  (Macintosh.)  But  steel  is  generally  made  by  a process  called 
cementation^  which  consists  in  heating  bars  of  the  imrest  iron  in  contact 
with  charcoal;  it  absorbs  carbon,  and  increases,  according  to  Mushet,  in 
weight*,  at  the  same  time  acquiring  a blistered  surface.  That  carbon  is 
vaporizable,  and  that  it  may  enter  into  and  combine  with  the  iron  in  the 
form  of  vapor,  appears  probable  from  the  experiments  of  Le  Play  and 
Laurent  {^Ann.  Ch.  et  Ph.^  Lxv.  417);  yet  it  is  sometimes  doubted  how  far 
any  carbon  is  actually  absorbed  in  the  common  process  of  steel-making,  for 
we  never  find  wrought-iron  absolutely  free  from  carbon,  and  sometimes  it 
seems  rather  to  lose  than  gain  it;  perhaps,  therefore,  some  more  intimate 
union  between  the  carbon  and  iron  is  effected  by  cementation,  for  it  is 
scarcely  possible  that  a mere  change  in  the  mechanical  texture  of  the  iron 
can  give  it  the  properties  of  steel,  and  Pepys’s  experiment  with  iron  and 
diamond,  referred  to  in  the  note  to  the  preceding  paragraph,  is  in  favor  of 
actual  carbonization.  It  is  sometimes  supposed  that  in  the  process  of 
steel-making  the  carbon  is  presented  to  the  iron  in  the  form  of  carbonic 
oxide,  which,  penetrating  into  the  pores  of  the  heated  bar,  is  decomposed 
into  carbon  and  carbonic  acid,  (200=002  and  0,)  and  that  the  escape 
of  the  latter  causes  the  blistered  appearance. 

When  blistered-steel  is  drawn  down  into  smaller  bars  and  beaten,  it 
forms  tilt ed-st eel ; and  this  broken  up,  heated,  welded,  and  again  drawn 
out  into  bars,  forms  shear-steel.  E?iglish  cast-steel  is  prepared  by  fusing 
blistered  steel  with  a flux  composed  of  carbonaceous  and  vitriflable  ingre- 
dients, casting  it  into  ingots,  and  afterwards,  by  gentle  heating  and  careful 
hammering,  or  rolling,  giving  it  the  form  of  bars. 

By  comparing  the  analysis  of  blistered-steel  with  that  of  cast-steel,  it 
would  appear  that  in  the  intense  heat  to  which  the  metal  is  necessarily 
subjected  for  its  fusion,  it  loses  silicium  and  a little  carbon;  but  the  great 
superiority  of  cast-steel  for  many  of  the  purposes  of  the  arts,  no  doubt 
depends  upon  its  comparative  uniformity  of  composition.  The  following 
are  analyses  of  three  samples  of  blistered-steel  by  Yauquelin,  and  four  of 
cast-steel  by  Gay  Lussac. 


Blistered-Steel. 


Cast-Steel. 


Carbon  

..  0-79 

...  0-68 

....  0-63  .. 

..  0-62 

...  0-65 

....  0-65  . 

...  094 

Silicium 

0T5 

...  0-12 

....  0-11  .. 

..  0-03  . 

...  0-00 

....  0-04  . 

...  0-08 

Phosphorus  .. 

0-34  . 

...  0-82 

....  1-52  .. 

..  0-03 

...  0-08 

....  0-07  . 

...  0-11 

Iron  

..  98-72 

...  98-38 

....  97-74  .. 

..  99-32 

...  99-27 

....  99-24  . 

...  98-87 

100-00 

100-00 

100-00 

loo-oo' 

100-00 

100-00 

100-00 

It  appears  probable  that  the  proportion  of  carbon  in  the  above  analyses 
must  be  somewhat  underrated : the  first  column  of  Gay  Lussac's  table 


* The  following  table  by  Mushet,  shows 
the  quantities  of  charcoal  which  disappeared 
during  the  conversion  of  iron  into  the  dif- 
ferent suhcarburets  of  iron  known  in  com- 
merce. i^Phil.  Mag 's.Wi.') 

When  the  carbon  amounts  to  g'g  of  the 
whole  mass,  the  hardness  is  at  a maxi- 
mum. 


Charcoal 

absorbed.  Results. 

...  soft  cast-steel. 

common  cast-steel. 

the  same  but  harder. 

-1^ the  same,  too  hard  for  drawing. 

A white  cast-iron. 

j'q mottled  cast-iron. 

^ . black  cast-iron. 

3 D 2 
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gives  the  components  of  the  best  English  cast-steel,  and  the  two  last  that 
of  French  steel  of  first  and  second  quality.  My  experience  in  the  use  of 
steel  for  the  manufacture  of  dies  for  coinage  has  been  considerable, 
and  the  denomination  of  steel  which  we  prefer  for  that  purpose  at  the 
Mint,  approximates,  as  far  as  the  few  specimens  which  I have  examined 
enable  me  to  infer,  to  the  composition  given  in  the  last  column;  at  least, 
when  the  carbon  has  fallen  short  of  1 per  cent.  I have  found  it  deficient 
in  hardness,  and  when  it  has  exceeded  1 per  ceiit.  the  dies  have  split 
under  the  multiplying  press,  or  if  hardened,  have  not  stood  to  their  work 
in  the  coining  presses.  But  the  quality  of  steel  is  doubtless  much 
influenced  by  minute  proportions  of  other  bodies,  and  unless  it  contains 
a sensible  quantity  of  phosphorus  it  cannot  be  depended  upon  for  the 
manufacture  of  dies,  though  I have  not  been  able  to  satisfy  myself  of  the 
exact  requisite  relative  proportion.  Much,  also,  must  depend  upon  mere 
mechanical  differences.  The  trials  to  which  steel  is  subjected,  under  the 
form  of  coining-dies,  are  extremely  rigorous,  and  its  mechanical  as  well 
as  its  chemical  characters  greatly  influence  its  fitness  for  the  purpose;  but 
it  would  occupy  too  much  space  here  to  enter  into  detail  upon  these  mat- 
ters, which  are  in  a great  measure  foreign  to  our  present  subject. 

WooTZ,  or  Indian  Steel,  which  has,  by  some,  been  considered  as 
superior  to  any  other  for  the  purpose  of  making  certain  edge-tools, 
apparently  derives  its  peculiar  excellence  from  combination  with  a minute 
portion  of  aluminum  and  silicium.  {Quart.  Journ.  of  Science^  vii.  288.) 
"Whether  these  substances  are  in  the  ore,  or  are  furnished  by  the  crucible 
used  in  making  the  steel,  is  not  certainly  known.  Wootz,  in  the  state  in 
which  it  is  imported,  is  not  fit  to  make  into  fine  cutlery;  it  requires  a second 
fusion,  by  which  the  whole  mass  is  purified  and  equalized,  and  fitted  for 
forming  the  finest  edge-instruments. 

Case-hardening  is  an  operation  performed  upon  cast  or  wrought- 
iron,  by  which  it  is  superficially  converted  into  steel:  the  article  is  for  this 
purpose  either  heated  to  redness  in  a crucible,  or  vessel  containing  char- 
coal powder;  or  sometimes,  if  small  and  delicate,  is  wrapped  round  with 
leather,  and  then  gradually  heated  to  redness,  and  kept  in  that  state  till 
its  surface  is  duly  carbonized.  Ferrocyanide  of  potassium  is  also  a valu- 
able material  as  a case-hardener,  and  in  various  operations  connected  with 
the  management  of  steel. 

Hardening  and  Tempering  Steel.  When  steel  is  heated  to  a 
cherry-red  color,  and  then  plunged  into  cold  water,  it  becomes  so  ex- 
tremely hard  and  brittle,  as  to  be  unfit  for  almost  any  practical  purpose. 
To  reduce  it  from  its  extreme  hardness,  is  called  by  the  workmen  teni- 
j)ering^  and  is  effected  by  again  heating  the  steel  to  a certain  point.  The 
surface  being  a little  brightened,  exhibits,  when  heated,  various  colors, 
depending  upon  the  formation  of  thin  films  of  oxide^,  which  constantly 


* That  the  color  produced  on  the  sur- 
face of  heated  steel  is  the  effect  of  oxidation, 
is  proved  from  the  circumstance  that  when 
steel  is  heated  and  suffered  to  cool  under 


mercury  or  oil,  none  of  the  colors  appear : 
nor  do  they  when  it  is  heated  in  hydrogen 
or  nitrogen. 
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change  as  the  temperature  is  increased,  and  by  these  colors  it  has  been 
customary  to  judge  of  the  temper  of  the  steel.  But  a more  accurate,  as 
•well  as  convenient  method,  is  to  use  a hath  and  thermometer;  the  bath 
may  be  of  mercury,  or  of  the  fusible  mixture  of  lead,  tin,  and  bismuth, 
or,  indeed,  of  any  fluid  Avhose  boiling-point  is  not  much  under  (i00°. 
Into  this  bath  the  articles  to  be  tempered  are  put,  together  with  the  bulb 
of  a thermometer  graduated  to  the  boiling-point  of  mercury.  The  cor- 
responding degrees  at  which  the  various  colors  appear  are  from  430°  to 
600°.  The  first  change  is  at  about  430°,  but  this  is  too  faint  to  be  dis- 
tinguished, except  by  comparison  with  another  piece  of  untempered 
polished  steel.  At  460°  the  color  is  straw,  becoming  deeper  as  the  tem- 
j^erature  is  increased;  at  500°  the  color  hi'own  ; this  is  followed  by  a 
red  tinge  wutli  streaks  of  purple,  then  purple,  and  at  nearly  600°  it  is 
blue.  The  degrees  at  which  the  respective  colors  are  produced  being  thus 
known,  it  folloAvs  that  the  workman  has  only  to  heat  the  bath,  wuth  its 
contents,  up  to  the  required  point.  For  example,  suppose  the  blade  of  a 
penknife  (or  one  hundred  of  them)  to  require  tempering:  they  are  suf- 
fered to  remain  in  the  bath  until  the  mercury  in  the  thermometer  rises  to 
460°,  and  no  longer,  that  being  the  heat  at  which  the  knife  (supposing 
it  to  be  made  of  the  best  English  cast-steel)  will  be  sufficiently  tempered. 
The  advantages  attending  this  method  are  obvious;  the  heat  is  equally 
applied  to  the  Avhole ; and  the  Avorkman,  instead  of  attending  to  the  color 
of  each  blade,  has  only  to  obser\'e  the  thermometer. 

It  has  been  found  that  steel,  for  certain  uses,  is  sufficiently  tempered 
long  before  it  is  heated  to  produce  any  change  of  color,  a circumstance 
which  giA^es  additional  A'alue  to  the  process  by  a thermometer.  The 
knife-edges  attached  to  a pendulum  described  by  Capt.  Kater  (Phil. 
Trans.,  1818,  p.  38),  Avere  forged  by  Mr.  Stodart,  from  a piece  of  fine 
wootz.  They  Avere  carefully  hardened,  and  tempered  in  the  bath  at  430°; 
on  trial  they  were  found  too  soft.  They  Avere  a second  time  hardened, 

and  then  heated  to  212°.  The  intention  Avas  to  increase  the  heat  from 

♦ 

that  point,  trying  the  temper  at  the  advance  of  about  every  ten  degrees. 
In  the  present  instance  this  Avas  not  necessary,  the  heat  of  boiling  Avater 
proving  to  be  the  exact  point  at  Avhicli  the  knife-edges  Avere  admirably 
tempered.  It  is  highly  probable  that  steel,  for  many  uses,  may  be 
sufficiently  tempered  in  a range  so  extensive  as  from  212°  to  430°, 
and,  by  the  thermometer,  all  the  intervening  degrees  may  be  certainly 
ascertained.  But  it  is  not  the  temperature  only,  but  also  the  time 
during  Avhich  the  steel  is  exposed  to  it,  AAdiich  influences  its  hardness  or 
temper. 

What  may  be  the  changes  effected  in  the  molecular  constitution  of 
steel  by  the  operation  of  hardening  is  an  important,  but  a very  difficult 
and  undecided  question  ; that  they  are  considerable,  there  can  be  no 
doubt,  but  that  they  extend  beyond  mechanical  arrangement,  and  affect 
chemical  composition,  according  to  the  notions  of  Karsten,  is  a theory 
Avhich  requires  much  more  satisfactory  proof  than  it  has  hitherto  received; 
nor  are  the  changes  AAdiich  other  substances  undergo  by  a similar  opera- 
tion in  any  AA^ay  illustrative  of  or  applicable  to  those  of  steel,  the  electro- 
magnetic properties  of  Avhich  are  not  less  remarkable  than  the  coarser 
mechanical  changes  Avhicli  it  sustains,  and  Avhich  are  in  all  probability 
someAvay  related  to  each  other,  and  to  the  more  abstruse  causes  of  crystal- 
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line  peculiarities.  There  is  certainly  in  many  points  an  analogy  between 
nnannealecl  or  suddenly  cooled  glass  and  tempered  or  hardened  steel,  and 
the  extraordinary  molecular  and  crystalline  peculiarities  of  glass,  when 
more  correctly  understood,  may  perhaps  tend  to  throw  some  light  upon 
the  more  obscure  subject  of  steel,  but  as  yet  this  is  not  the  case.  It  is, 
however,  by  no  means  uncommon  to  find  the  same  unstable  arrange- 
ment of  particles  and  inequality  of  tension  in  a mass  of  hardened 
steel,  as  in  a lump  of  glass  which  has  solidified  in  cold  water ; from 
the  surface  to  the  interior,  successive  crusts  or  coats  of  variable  texture 
and  hardness  present  themselves.  Sometimes  a steel  die,  after  it  has 
been  for  some  time  hardened  and  apparently  safe,  will  split  with  an 
audible  report,  and  its  fracture  then  exhibits  a soft  core  covered  by  suc- 
cessive coats  or  layers,  increasing  in  hardness  from  the  centre  towards  the 
exterior. 

In  addition  to  the  difficulties  arising  out  of  the  mass  with  which  he 
has  to  deal,  and  the  changes  of  texture,  if  not  of  composition,  which  it 
has  necessarily  been  subjected  to  in  the  various  operations  of  perfecting 
the  impression  from  the  punch  in  the  press,  the  manufacturer  of  dies  for 
medals  or  coinage  has  another  obstacle  to  contend  wdth,  which  is  the 
necessity  of  keeping  the  face  or  work  of  the  die  perfectly  clean  and  free 
from  scales  and  oxidizement,  so  that  it  may  not  only  be  "without  any 
obvious  blemish,  but  present  that  peculiar  velvety  hue  which  so  much 
enhances  the  beauty  of  the  subsequent  impressions  in  gold,  silver,  or 
copper  ; to  this  end  the  charcoal  in  which  the  die  is  imbedded,  when  it 
is  heated  previous  to  hardening,  must  be  carefully  looked  to;  it  should 
be  animal  charcoal,  and  cyanogen,  if  present,  is  rather  favourabla  than 
otherwise  to  the  ultimate  result;  moisture,  air,  potassium,  sulphur,  and 
other  things  sometimes  present  in  charcoal,  are  injurious;  and  when  the 
die  is  at  a proper  heat  and  ready  to  be  plunged  into  the  hardening 
cistern,  or  submitted  to  the  sudden  action  of  a gush  of  water,  all  contact 
of  air  with  the  face  of  the  die  must  be  scrupulously  avoided.  Protecting 
pastes  are  seldom  of  much  use. 

The  degree  of  hardness  attainable  by  steel  will  depend  upon  the  heat 
to  which  it  had  been  raised,  and  the  coldness  of  the  winter  or  other  medium 
into  Avhich  it  is  plunged ; so  that  Avhen  very  cold  Avater  cannot  be  pro- 
cured, the  die  or  other  article  must  be  heated  proportionately  high;  a dull 
red  heat  into  Avater  at  34°,  a cherry  red  into  Avater  at  50°,  an  orange  heat 
into  Avater  at  80°,  and  a dull  Avhite  heat  into  Avater  at  100°,  produce 
nearly  the  same  effects ; but  the  real  hardness  attained  in  Avater  which  is 
Avarm  never  equals  that  giA^'en  by  cold  Avater : a red  heat  and  AA^ater  at  45° 
is  the  most  desirable  for  die  hardening : and  although  by  subsequent 
tempering  the  die  may,  if  necessary,  be  brought  down,  or  softened,  it  is 
alAA^ays  safest  to  give  it,  if  possible,  its  due  hardness  by  the  first  operation. 
The  risk  of  injuring  the  face  of  a die  by  oxidizement  or  scaling,  or  of 
burning  the  die,  as  it  is  usually  called,  increases  greatly  Avith  a high  tem- 
perature, and  this  is  another  reason  Avhy,  in  this  particular  branch,  a 
moderate  heat  and  very  cold  water  is  greatly  to  be  preferred  to  a higher 
heat  and  AA^armer  Avater.  The  hardening  of  steel  when  in  thin  bars,  or 
other  regular  form,  and  Avhere  extreme  cleanliness  of  surface  is  dispensed 
Avith,  is  comparatively  an  easy  and  certain  operation. 

The  aspect  of  steel  Avhen  so  broken  as  to  exhibit  a clean  fracture, 
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varies  from  an  uniform  silky  and  even  surface  of  an  almost  silvery  white- 
ness, to  a fine  or  even  coarse-grained  texture,  of  a more  blue  or  iron- like 
aspect ; the  finer-grained  varieties  are  generally  preferred,  hut  no  very 
important  or  at  least  unerring  conclusions  respecting  its  quality  can  be 
drawn  either  from  texture  or  color.  The  microscope,  however,  enables  us 
to  observe  some  remarkable  peculiarities  in  steel,  not  only  in  its  varying 
texture  as  it  comes  from  the  manufacturer,  but  also  before  and  after 
hardening.  The  fact  of  its  diminution  of  density  after  hardening,  or  in 
other  words,  the  increase  of  hulk  which  it  then  sustains,  has  long  been 
known.  Steel,  of  the  specific  gravity  of  7*738,  was  found  by  Hawksbee 
to  be  thus  reduced  to  7*764.  Brisson  found  the  density  of  good  English 
steel  to  be  increased  by  hammering  from  7*833  to  7*872.  After  harden- 
ing, the  former  had  decreased  to  7*816,  and  the  latter  to  7*818.  Dr. 
Thomson  found  the  density  of  good  blistered-steel  to  be  7*823 ; when 
heated  to  redness  and  suddenly  plunged  into  cold  water  its  density  was 
reduced  to  7*747*  The  specific  gravity  of  a piece  of  cast-steel  he  found 
^ 7*8227;  but  when  hardened  only=:  7*7632  ; (^Inorg.  Chem.^  i.  497*)  I 
have  found  even  greater  difierences;  and,  in  fact,  the  higher  the  heat  to 
which  the  steel  is  raised,  and  the  colder  the  medium  in  which  it  is  cooled, 
the  greater  will  be  the  resulting  difference  of  density ; for  it  is  probable 
that  the  increased  bulk  attained  by  the  steel  under  the  expansive  influence 
of  heat,  is  retained  by  the  suddenly  cooled  mass,  and  hence  the  peculiar 
state  of  tension  into  which  it  must  be  thrown  when  it  has  ultimately 
cooled  down  to  the  temperature  of  the  atmosphere ; and,  indeed,  it 
is  surprising  that  masses  of  steel,  which  have  undergone  the  process  of 
hardening,  are  not  more  brittle  and  uncertain  than  experience  proves 
them  to  be.  According  to  Regnault,  the  mean  specific  heat  of  soft  steel 
is  0dl65:  that  of  hardened  steel  0T175.  (A?in.  Ck.et  Ph.^  Nov.  1843, 
p.  343.) 

The  quality  of  steel  is  sometimes  tested  by  washing  over  its  clean 
surface  with  dilute  nitric  acid,  which  ought  to  produce  an  uniform  grey 
or  blackish  color : if  the  steel  is  imperfect,  and  contains  veins  or  pins  of 
iron,  they  become  evident  by  their  difference  of  color.  AVhen  some  par- 
ticular kinds  of  iron  or  steel  are  thus  tested,  a mottled  appearance  is 
produced,  as  if  it  were  composed  of  layers  or  wires  of  iron  and  steel 
welded  together : hence  is  supposed  to  arise  the  peculiar  character  of  the 
celebrated  Damascus  sword-blades. 

Alloys  of  Steel.  Attempts  have  been  made  to  improve  the  quality 
of  steel  by  alloying  it  with  some  other  metals,  but  none  of  these  combi- 
nations have  been  found,  after  due  experience,  to  be  superior  to  the  best 
ordinary  steel.  We  shall  again  have  occasion  to  notice  them;  but  for 
details  upon  this  subject,  the  reader  is  referred  to  the  papers  of  Messrs. 
Stodart  and  Faraday,  already  quoted  {Qiiart.  Journ.^  ix.  319,  Phil. 
Trans. ^ cxii.  253),  and  to  the  volume  of  Lardner  s Cyclopcedia.^  treating 
on  iron  and  steel. 
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§ X.  ZINC.  Zn.  32. 

Zinc,  or  SpelleVy  as  it  is  sometimes  called  in  commerce,  is  found  in 
the  state  of  oxide  and  of  sulphuret.  The  metal  zinc  is  first  mentioned 
by  Paracelsus,  hut  the  use  of  its  ores,  in  converting  copper  into  brass,  was 
probably  known  to  the  ancients.  In  China  and  India  zinc  is  said  to 
have  been  known  from  time  immemorial,  and  various  utensils  of  zinc, 
sometimes  inlaid  and  ornamented  with  other  metals,  are  common  in  those 
countries.  Perfectly  pure  zinc  is  difficultly  obtained ; it  may  he  pro- 
cured in  a state  approaching  to  extreme  purity  by  dissolving  the  purest 
kinds  of  zinc  that  occur  in  commerce  in  dilute  sulphuric  acid,  and  im- 
mersing a plate  of  zinc  for  some  hours  in  the  solution,  which  is  then 
filtered,  decomposed  by  carbonate  of  potassa,  and  the  precipitate,  after 
having  been  well  edulcorated,  heated  with  charcoal  in  an  iron  or  earthen 
retort  in  a proper  furnace.  The  zinc  being  volatile  at  a white-heat  may 
thus  he  distilled  over  into  water,  care  being  taken  that  the  neck  of  the 
retort  is  short  and  wide,  otherwise  it  will  be  stopped  up  by  the  condensed 
metal.  The  common  zinc  of  commerce  may  contain  traces  of  lead,  cop- 
per, iron,  cadmium,  arsenic,  sulphur,  manganese,  and  carbon : its  im- 
purities are  the  source  of  a black  powder  which  remains  when  it  is  dis- 
solved in  dilute  sulphuric  acid;  but  arsenic  (and  probably  minute  portions 
of  other  metals)  may  be  carried  otf  with  the  hydrogen.  The  following 
are  analyses  of  3 samples  of  Austrian  zinc  by  Wittstein,  and  of  a sample 
of  commercial  zinc  by  Jacquelain. 


Zinc 96*27  ....  99*05  ....  98*76  ....  99*170 

Lead 3*33  ....  027  ....  0*91  ....  0*685 

Cadmium 0*30  ....  0*23  ....  0*16  ....  — 

Iron  0*10  ....  trace  ....  0*17  ....  0*142 

Carbon  — ....  — ....  — ....  0 003 


100*00  99*55  100*00  100*000 

Pure  zinc,  when  dissolved  in  pure  sulphuric  acid,  should  evolve  per- 
fectly pure  hydrogen  and  leave  no  residue  : the  acid  solution  should  give 
no  precipitate  with  sulphuretted  hydrogen,  neither  should  it  occasion  any 
deposit  upon  a plate  of  immersed  zinc : the  precipitate  produced  in  this 
solution  by  potassa  should  be  perfectly  soluble  in  excess  of  the  alkali : the 
solution  of  pure  zinc  in  nitrohydrochloric  acid  should  give  no  precipitate 
with  solution  of  chloride  of  barium.  (Gmelin.) 

Zinc  is  a bluish-white  metal,  with  considerable  lustre,  rather  hard,  of 
a specific  gravity  of  about  6*8  in  its  usual  state,  but,  when  drawn  into 
wire,  or  rolled  into  plates,  its  density  is  augmented  to  7 or  7‘2.  Its  spe- 
cific heat  is  0*09555.  (Regnault.)  It  has  a peculiar  odor  Avhen  breathed 
upon  or  handled  with  moist  fingers.  In  its  ordinary  state,  at  common 
temperatures,  it  is  tough,  and  with  difficulty  broken  by  blows  of  the 
hammer.  It  becomes  very  brittle  when  its  temperature  approaches  that 
of  fusion,  which  is  about  778^?  (Daniell)  ; but  a temperature  a little 
above  212°,  and  between  that  and  300°,  it  becomes  ductile  and  malleable, 
and  may  be  rolled  into  thin  leaves,  and  drawn  into  moderately  fine  wire, 
which,  however,  possesses  but  little  tenacity.  When  a mass  of  zinc, 
which  has  been  fused,  is  slowly  cooled,  its  fracture  exhibits  a lamellar 
and  prismatic  crystalline  texture.  The  equivalent  of  zinc  is  32.  (32*2 
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Gmelin:  32-26  Berzelius:  32-3  Turner:  32-31  Graham:  33*12  Jacque- 

LAIN.) 

When  a surface  of  clean  and  polished  zinc,  which  may  he  made  beau- 
tifully brilliant,  is  exposed  to  dry  air,  it  remains  bright  at  common  tem- 
peratures ; in  damp  air  it  soon  tarnishes,  and  acquires  a grey  color  from 
a film  of  superficial  oxide  : it  then  remains  for  a long  time  unchanged. 
A plate  of  zinc  placed  under  a bell-glass  containing  air  free  from  carbonic 
acid,  and  standing  over  water,  becomes  bedewed  and  superficially  oxidized ; 
but  if  a piece  of  tarnished  lead  be  under  the  same  bell-glass,  but  not  in 
contact  of  the  zinc,  drops  of  water  collect  upon  the  lead  only,  and  the 
zinc  remains  clean.  Whenever  two  metals  not  in  contact  are  treated  in 
this  way,  the  most  oxidizable  is  only  bedewed  and  consequently  oxidized; 
this  is  the  case  with  arsenic  or  lead,  near  copper  or  silver,  but  the  latter 
metals  when  alone  under  the  bell-glass  are  bedewed  : when  on  the  other 
hand,  the  metals  are  in  contact  then  the  least  oxidizable  metal  is  only 
bedewed:  thus  when  copper  is  in  contact  of  zinc,  the  copper  only  is 
bedewed,  and  when  copper  is  in  contact  of  silver,  the  silver  only  is 
bedewed.  (Bonsdorff,  Poggencl.^  xLii.  325.)  Under  wmter  free  from 
carbonic  acid  zinc  becomes  enfilmed  with  hydrated  oxide,  or  with  a hy- 
drated basic  carbonate  if  carbonic  acid  be  present.  At  common  tem- 
peratures zinc  does  not  decompose  pure  water,  but  it  does  so  at  a red- 
heat,  or  in  the  presence  of  acids.  In  pure  water,  from  which  air  is 
carefully  excluded,  zinc  remains  bright. 

It  has  been  ascertained  by  A.  de  la  Rive,  that  the  energy  with  which 
zinc  is  acted  on  by  dilute  sulphuric  acid  is  greatly  dependent  upon  the 
purity  of  the  metal ; that  when  perfectly  pure  the  action  is  comparatively 
feeble,  but  that  when  it  contains  minute  portions  of  other  metals,  not 
exceeding  (in  regard  to  iron)  a 100th  to  200th  part,  the  action  becomes 
rapid:  this  is  apparently  owing  to  galvanic  causes  (see  p.  224);  and  when 
a piece  of  pure  zinc  is  wound  round  with  platinum  Avire  an  equivalent 
effect  is  produced.  De  la  Rive  examined  the  action  of  dilute  sulphuric 
acid  on  pure  zinc,  and  on  alloys  of  9 parts  of  pure  zinc  Avith  1 of  the 
several  metals  Avhich  are  usually  found  in  it,  Avith  the  folloAving  results : — 

Gas  evolved  in 

a given  time. 


Zinc  of  commerce,  and  alloy  of  zinc  and  iron 100 

Alloy  of  zinc  and  copper  43 

„ zinc  and  lead  15 

„ zinc  and  tin 12 

Distilled  zinc 5 


A mixture  of  100  parts  of  Avater  Avith  from  33  to  50  of  sulphuric  acid  is 
that  Avhich  acts  most  intensely  on  the  metal. 

Zinc  has  lately,  in  consequence  of  its  lightness  and  cheapness,  been 
much  used  for  roofing,  gutters,  and  chimney-tops  ; but  it  should  not,  as  is 
sometimes  the  case,  be  rivetted  Avith  copper  nails,  the  contact  of  Avhich 
Avith  the  zinc  accelerates  the  decay  of  the  latter  by  electric  action:  indeed 
any  of  the  common  metals  in  metallic  contact  Avith  zinc,  tend  to  the 
oxidizement  of  the  latter. 

Zinc  and  Oxygen.  The  high  attraction  AA-hich  exists  betAveen  zinc 
and  oxygen,  is  shoAvn  by  the  facility  Avith  Avhich  nearly  all  the  other 
metallic  oxides,  Avhen  in  solution,  are  reduced  to  the  metallic  state  by  its 
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means.  Its  important  electro-generative  power  in  the  Voltaic  apparatus, 
is  also  referable  to  this  cause.  By  exposing  zinc  to  the  joint  action  of 
heat  and  air  at  a temperature  just  sufficient  to  fuse  it,  it  is  converted 
into  a grey  powder,  wffiich  is  probably  a mere  mixture  of  metallic  zinc 
and  oxide  of  zinc : though  by  some  it  is  regarded  as  a true  siihoxide^ 
Zn2,0.  A similar  compound  is  obtained,  according  to  Dulong,  by  decom- 
posing oxalate  of  zinc  at  a red-heat  in  a retort. 

Protoxide  op  Zinc.  ZnO.  This  is  the  only  salifiable  oxide  of  zinc: 
it  is  obtained,  1.  by  intensely  heating  the  metal  exposed  to  air,  when  its 
vapor  takes  fire,  and  air  being  freely  admitted,  burns  with  a very  bright 
flame,  and  forms  a white  flocculent  tasteless  substance,  formerly  called 
nihil  alburn^  philosopher  s wool,  2indiJlowers  of  zinc.  When  this  combus- 
tion goes  on  with  violence,  the  oxide,  though  in  itself  not  volatile,  is  car- 
ried up  in  flocculi  by  the  current  of  air,  which  are  so  light  as  to  remain 
for  a long  time  floating  about  in  the  atmosphere.  If  the  large  flakes  of 
oxide  which  collect  in  the  mouth  of  the  crucible  when  zinc  is  thus  burned, 
be  carried  into  a dark  room,  they  have  been  observed  to  remain  for  a long 
time  phosphorescent.  A piece  of  rolled  zinc-leaf  may  also  be  inflamed 
by  a spirit-lamp,  and  will  continue  to  burn  brilliantly  even  when  removed 
from  the  flame : if  inflamed  and  plunged  into  a jar  of  oxygen  gas,  the 
combustion  is  as  vivid  as  that  of  phosphorus ; indeed  the  splendor  of  the 
flame  probably  arises  in  both  instances  from  the  same  cause,  namely,  the 
ignition  of  finely-divided  solid  incombustible  matter  (p.  127.)  The  oxide 
of  zinc,  as  prepared  by  combustion,  generally  contains  small  particles  of 
the  metal,  which  render  it  gritty,  and  require  to  be  separated  by  washing; 
it  may  also  contain  various  impurities  derived  from  the  metal,  so  that 
for  pharmaceutical  use  it  is  best  prepared  by  the  next  process.  2.  A 
solution  of  pure  sulphate  of  zinc  is  decomposed  at  a boiling  heat  by  its 
equivalent  of  carbonate  of  soda ; the  precipitate  well  washed,  dried,  and 
exposed  to  a dull  red-heat,  is  a pure  oxide : or  the  cold  solution  of  the 
sulphate  may  be  decomposed  by  carbonate  of  ammonia,  and  the  pre- 
cipitate washed  and  dried  as  before.  Traces  of  sulphuric  acid,  or  of  soda, 
may  generally  be  detected  in  the  oxide  from  cold  solutions  where  carbo- 
nate of  soda  is  used,  and  if  a hot  solution  be  precipitated  by  carbonate  of 
ammonia,  the  oxide  always  retains  sulphuric  acid.  Gmelin  observes  that 
the  purest  oxide  would  be  obtained  by  precipitating  pure  nitrate  of  zinc 
by  carbonate  of  ammonia,  and  heating  the  precipitate  to  redness. 

Oxide  of  zinc  obtained  by  the  combustion  of  the  metal,  or  by  passing 
steam  over  red-hot  zinc,  is  sometimes  crystalline : its  sp.  gr.  is  between 
5'6  and  5‘7  It  is  commonly  met  with  in  the  form  of  white  powder  : at 
a high  temperature  it  acquires  a yellow  tint,  but  again  whitens  as  it 
cools.  It  has  been  used  as  a pigment,  both  with  oil  and  water,  and  is 
employed  in  medicine  as  a tonic,  and  as  an  external  application.  When 
made  upon  a large  scale  from  common  zinc,  it  is  tainted  by  oxide  of  iron 
and  other  substances  : the  whiter  parts  of  such  oxide  used  to  be  called 
pompholix,  and  the  grey,  or  less  pure  portions,  iutty.  A patent  has  been 
taken  for  the  employment  of  these  and  other  impure  oxides  of  zinc,  as  a 
substitute  for  white  lead  in  the  manufacture  of  common  oil  paint,  it 
appearing  that  they  are  equally  capable  of  combining  with,  or  producing 
a body  as  it  is  termed,  when  ground  with  linseed  or  other  drying  oil. 
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Oxide  of  zinc  is  readily  soluble  in  the  acids ; it  also  dissolves,  espe- 
cially in  the  state  of  hydrate,  in  the  caustic  fixed  alkalis,  and  in  pure  and 
carbonated  ammonia.  The  strong  ammoniacal  solution  becomes  turbid 
when  dilute,  and  deposits  its  oxide  when  boiled.  The  solutions  in 
potassa  and  soda  yield  a white  deliquescent  mass  on  evaporation  : these, 
however,  can  scarcely  be  called  chemical  combinations.  When  a solution 
of  alumina  in  caustic  potassa  is  mixed  with  an  ammoniacal  solution  of 
oxide  of  zinc,  a definite  combination  of  the  earth  and  oxide  is  thrown 
down,  containing,  according  to  Berzelius,  6 atoms  of  alumina  and  1 of 
oxide  of  zinc,  and  being  identical  in  composition  with  the  mineral  called 
Gahnile. 

Protoxide  of  zinc  consists  of 


Proust,  Berzelius.  Gay  Lussac.  Dobereiner, 


Zinc 

1 .. 

..  32  . 

...  80  ..., 

, 80  . 

...  80*1  . 

...  80*38  . 

...  81*64 

Oxvgen  

1 .. 

..  8 . 

...  20  .... 

. 20  . 

...  19*9  . 

...  19*62  . 

...  18*36 

Protoxide  of  zinc 

1 

40 

100 

100 

100*0 

100*00 

100*00 

The  commercial  oxide  of  zinc  is  sometimes  adulterated  with  starch, 
chalk,  carbonate  of  magnesia,  or  alumina.  Starch  is  detected  by  iodine  ; 
alumina  may  be  separated  by  acetic  acid,  which  dissolves  the  oxide  of 
zinc ; when  the  solution  has  been  precipitated  by  a hydrosulphuret,  lime 
and  magnesia  may  be  detected  by  the  usual  tests.  In  medicine,  oxide  of 
zinc  is  employed  as  a tonic,  but  by  long-continued  use  it  acts  as  a slow 
poison.  (Pereira.  Mat.  Med.) 

Hydi'ated  oxide  of  zinc.  ZnO,HO,  may  be  obtained  in  crystals, 
(Schindler,  Mag.  der  Pharm.^  xxxi.)  by  the  action  of  ammonia  upon 
zinc  in  contact  of  iron ; hydrogen  is  evolved,  and  in  the  course  of  eight 
days  rhombic  prisms  of  hydrated  oxide  of  zinc  are  deposited.  When 
nitrate  of  zinc  is  precipitated  by  potassa  not  in  excess,  a white  bulky 
hydrate  falls.  It  consists  of 


Schindler. 

Oxide  of  zinc 1 ....  40  ....  81’63  ....  81*62 

Water  1 ....  9 ....  18*37  ....  18*36 


Hydrated  oxide  of  zinc....  1 49  100*00  100*00 

Thenard  has  described  a peroxide  of  zinc  obtained  by  the  action  of 
peroxide  of  hydrogen  on  hydrated  oxide  of  zinc,  which  unless  kept  at 
32°,  evolves  oxygen.  (^Ann.  Ch.  et  Ph..,  ix.  55.) 

Chloride  of  Zinc.  ZnCl,  is  formed,  1.  By  heating  leaf-zinc  in 
chlorine : very  thin  leaves  burn  in  the  gas,  and  if  chlorine  be  passed  over 
zinc  heated  nearly  to  its  point  of  fusion,  the  combination  takes  place 
with  ignition.  2.  By  evaporating  a solution  of  zinc  in  hydrochloric  acid 
to  dryness,  and  heating  the  residue  red-hot  in  a glass  tube  with  a small 
aperture ; or  the  evaporated  chloride  may  be  distilled  over  at  a red-heat. 
3.  By  distilling  a mixture  of  1 part  of  zinc  filings  and  2 of  corrosive 
sublimate;  or  a mixture  of  dried  sulphate  of  zinc  and  chloride  of  sodium. 
It  is  a wdiite  semi-transparent  substance,  extremely  deliquescent,  fusible 
at  300°,  and  volatile  at  a bright  red-heat : its  vapor  condenses  in  acicular 
crystals ; it  forms  combinations  with  sal-ammoniac  and  with  chloride  of 
potassium.  It  has  a nauseous  styptic  taste,  and  is  powerfully  emetic. 
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It  is  used  in  surgery  as  a caustic,  and  in  medicine,  in  very  minute  doses, 
as  a tonic.  It  Avas  formerly  called  butler  of  zinc.  It  is  readily  soluble 
in  water,  and  the  solution  gives  on  evaporation  a very  difficultly  crys- 
tallizable  and  deliquescent  hydrate  generally  called  muriate  of  zinc^ 
(ZnCl,HO,)  Avbich,  Avhen  heated  in  the  open  air,  partly  sublimes  in  the 
form  of  chloride,  and  is  partly  resolved  into  hydrochloric  acid  and  oxide 
of  zinc,  in  consequence  of  the  decomposition  of  water.  Its  concentrated 
solution  deposits  oxide  of  zinc  upon  the  addition  of  water,  and  the  diluted 
solution  dissolves  the  oxide  when  concentrated  by  evaporation.  The 
solution  of  chloride  of  zinc  is  always  slightly  acid,  and  the  addition  of 
ammonia  does  not  render  it  neutral  till  all  the  oxide  is  precipitated. 
The  attraction  of  zinc  for  chlorine  is  so  great,  that  it  is  often  employed 
for  separating  chlorine  from  other  combinations.  Sir  William  Burnett’s 
preservative  against  dry  rot  is  a dilute  solution  of  chloride  of  zinc, 
and  it  is  verv  effectual.  Chloride  of  zinc  consists  of 


J.  Davy. 

Zinc 1 ....  32  ....  47  ....  50 

Chlorine  I ....  36  ....  53  ....  50 


Chloride  of  zinc 1 68  100  100 


OxiCHLORiDES  OF  ZiNC.  Cliloi'ide  of  zinc  combines  with  oxide  of 
zinc  in  several  proportions  : three  of  these  have  been  particularly  exa- 
mined. I.  ZnCl,3ZnO,4HO,  formed  by  boiling  oxide  of  zinc  in  a strong 
solution  of  the  chloride ; or  by  decomposing  chloride  of  zinc  by  a small 
quantity  of  ammonia,  and  boiling  the  precipitate  in  the  liquor.  By  the 
hi  st  process  it  yields  small  octohedra ; by  the  second  it  is  a white  powder, 
sparingly  soluble  in  Avater,  more  so  in  solution  of  the  chloride,  and  readily 
soluble  in  acids,  and  in  caustic  ammonia  and  potassa.  (Schindler.)  2. 
ZnCl,6ZnO,10HO,  formed  by  the  action  of  Avater  upon  ammonio-chloride 
of  zinc.  (Kane.)  3.  ZnCl,9ZnO,I4HO,  formed  by  adding  potassa  to 
solution  of  chloride  of  zinc  till  the  alkali  begins  to  predominate.  (Kane.) 
The  proportions  of  Avater  in  these  compounds  vary  with  the  temperature 
at  Avhich  they  are  dried. 

Ammonio-chlorides  of  Zinc.  Several  of  these  have  been  examined 
by  Dr.  Kane.  I.  2NH3,ZnCl,HO,  obtained  by  passing  gaseous  am- 
monia through  a hot  concentrated  solution  of  chloride  of  zinc  till  the 
precipitate  redissolves : then  hltering  and  setting  aside  to  crystallize. 

2.  2[NH3ZnCl]  4-  HO,  obtained  from  the  mother-liquor  of  the  preceding. 

3.  NH3,2ZnCl  is  formed  by  the  fusion  of  either  of  the  preceding  salts. 
According  to  Pierre  {Ann.  Ch.  et  Ph.^  Fevr.  1846)  a double  chloride  of 
zinc  and  ammonium  is  easily  obtained  by  dissolving  I equivalent  of  chlo- 
ride of  zinc  and  I of  sal-ammoniac  in  water,  and  crystallizing : it  forms 
oblique  prisms,  slightly  deliquescent,  and  very  soluble  = ZnCl,NIl4Cl. 

PoTAssio-CHLORiDE  OF  ZiNC.  ZnCl,KC],  is  a very  soluble  salt  ob- 
tained by  evaporating  the  mixed  solution  of  I equiA^alent  of  each  of  its 
component  chlorides:  it  forms  small  lamellar  deliquescent  crystals,  which 
are  anhydrous,  and  fuse  at  about  390°.  At  a dull  red-heat  they  evolve 
vapor  of  chloride  of  zinc.  (Pierre.) 
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Chlorate  of  Zinc.  Zn0,C105,  cr^^stallizes  in  octoliedra,  and  is  a very 
soluble  salt.  It  is  obtained  by  dissolving  carbonate  of  zinc  in  chloric 
acid.  AYhen  metallic  zinc  is  digested  in  chloric  acid,  a portion  of  chlo- 
ride of  zinc  is  formed.  (Vauquelin,  Ann.  de  Ch..,  xcv.  116.)  Obtained 
by  decomposing  chlorate  of  baryta  by  sulphate  of  zinc,  and  evaporating 
over  sulphuric  acid  in  vacuo,  it  affords  a deliquescent  crystalline  mass 
(Zn0,C105,6H0)  soluble  in  alcohol,  fusing  at  140°,  and  at  a higher 
temperature  losing  chlorine,  oxygen,  and  water,  and  leaving  oxide  of 
zinc. 

Perchlorate  of  Zinc.  Zn0,C107,  formed  by  precipitating  per- 
chlorate of  baryta  by  sulphate  of  zinc,  yields  small  deliquescent  crystals 
soluble  in  alcohol.  (Serullas.  Ann.  Ch.  et  Ph..,  xLvi.  305.) 

Iodide  of  Zinc.  Znl.  Iodine  and  zinc  exert  a powerful  mutual 
affinity ; the  iodide  is  easily  obtained  by  adding  iodine  to  zinc  filings 
in  water,  and  applying  a gentle  heat:  the  iodine  is  added  till  it  begins  to 
discolor  the  solution ; in  excess,  it  is  dissolved  by  the  iodide  which  is 
formed.  On  evaporating  the  solution  to  dryness  in  a retort,  the  remain- 
ing iodide  of  zinc  may  be  fused,  and  at  a higher  temperature  it  rises  in 
vapor,  and  condenses  in  prismatic  crystals.  Heated  in  the  open  air, 
iodine  goes  off,  and  oxide  of  zinc  is  formed:  its  aqueous  solution  is  also 
decomposed  by  exposure  to  air,  with  the  separation  of  iodine  and  the  for- 
mation of  oxide.  It  consists  of 

Gay  Lussac.  Rammelsberg. 

Zinc  1 ....  32  ....  20-4  ....  20-48  ....  20-347 

Iodine 1 ....  126  ....  79-6  ....  79-52  ....  79-653 

Iodide  of  zinc I 158  100-0  100-00  100-000 

Iodide  of  Zinc  and  Sodium  yields  on  spontaneous  evaporation, 
acicular  crystals  very  soluble  and  deliquescent,  = NaI, Znl. 

loDATE  OF  Zinc.  ZnO,I05.  When  a soluble  iodate  is  added  to  a 
solution  of  sulphate  of  zinc,  it  forms  a difficultly -soluble  iodate  of  zinc, 
which  gradually  falls  in  spheroidical  grains.  The  salt  may  also  be  formed 
by  dissolving  recently  precipitated  oxide  or  carbonate  of  zinc  in  iodic 
acid.  (Gay  Lussac,  A7in.  de  Chhn..,  xci.  85.)  It  dissolves  in  1 14  of  water 
at  60°,  and  in  76  at  212°.  The  formula  of  the  crystals  is  Zn0,I05,2H0. 
(Rammelsberg.) 

Bromide  of  Zinc.  ZnBr,  is  formed  by  passing  bromine  vapor  over 
heated  zinc ; the  mutual  action  of  bromine  and  zinc  is  not  very  intense. 
Bromide  of  zinc  has  a sweetish  astringent  taste ; is  very  deliquescent  ; 
fuses  at  a red-heat,  and  at  a higher  temperature  sublimes  in  white  vapor  : 
it  is  soluble  in  alcohol  and  in  ether,  in  acetic  and  hydrochloric  acids, 
and  in  ammonia.  It  consists  of 

Berthemot. 

Zinc 1 ....  32  ....  29-2  ....  2925 

Bromine  1 ....  78  ....  70-8  ....  70-75 

Bromide  of  zinc  1 110  JOO-0  100*00 

Bromate  of  Zinc.  ZnO,Br05.  By  dissolving  hydrated  oxide  of 
zinc  in  aqueous  bromic  acid,  and  evaporating,  cubo-octohedral  crystals  = 
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Zn0,Br05,6H0,  are  obtained,  soluble  in  tbeir  Aveiglit  of  cold  water:  they 
become  anhydrous  when  dried  at  390°.  (Rammelsberg.  Poggend.^ 
Lii.  90.) 

Fluoride  of  Zinc  is  very  difficultly  soluble : with  fluoride  of  potas- 
sium it  forms  a more  soluble  triple  salt.  (Berzelius.) 

Nitrate  of  Zinc.  Zn0,N05,6H0,  is  a deliquescent  salt,  which  crys- 
tallizes with  difficulty  in  four-sided  prisms  terminated  by  four-sided 
pyramids.  They  are  copiously  soluble  in  water  and  in  alcohol ; when 
thrown  upon  glowing  coals  they  are  decomposed,  and  give  to  flame  a 
bluish-green  color.  The  action  of  strong  nitric  acid  upon  zinc  is  so  in- 
tense, as  sometimes  it  is  said  to  produce  ignition ; during  the  decomposi- 
tion, nitrous  and  nitric  oxide,  and  ultimately  nitrogen,  are  evolved,  and 
some  ammonia  is  formed.  The  crystals  of  nitrate  of  zinc  contain  about 
36  per  cent,  of  water,  equivalent  to  6 atoms,  3 atoms  of  which  escape  at 
212°,  but  the  remaining  3 atoms  cannot  be  expelled  without  the  decom- 
position of  the  salt : they  consist  of 


Graham. 

Oxide  of  zinc  1 ....  40  ....  27'0  ....  26*94 

Nitric  acid  1 ....  54  ....  36*5  .... 

Water 6 ....  54  ....  36*5  .... 


Crystallized  nitrate  of  zinc  1 148  100*0 

Two  suhnilrates  of  zinc  have  been  described  by  Grouvelle  and 
Schindler : one,  formed  by  heating  the  nitrate,  or  precipitating  it  by  a 
small  addition  of  ammonia'=8ZnO,N05,2HO : the  other  by  digesting 
this  in  a solution  of  the  nitrate  = 4Zn0,N05,2H0. 

Ammonia  and  Oxide  of  Zinc.  Hydrated  oxide  of  zinc  dissolves  in 
aqueous  ammonia,  forming  a colorless  liquid,  which,  if  saturated,  becomes 
turbid  on  dilution  : the  crystals  which  it  occasionally  deposits  are  those  of 
hydrated  oxide  or  carbonate  of  zinc.  Metallic  zinc  immersed  in  am- 
monia in  contact  with  iron  evolves  hydrogen,  and  is  slowly  dissolved. 
Oxide  of  zinc  which  has  been  ignited  is  only  very  difficultly  and  sparingly 
dissolved  by  ammonia,  but  the  presence  of  traces  of  several  of  the  salts 
of  ammonia  and  of  potassa  remarkably  facilitates  the  solution,  especially 
of  the  phosphates. 

SuLPHURET  OF  ZiNC.  ZnS,  exists  native  under  the  name  of  Blende. 
It  may  be  formed  artificially  by  heating  oxide  of  zinc  with  excess  of  sul- 
phur, and  is  then  of  a yellow  brown  color.  It  is  also  produced  by  heating 
rapidly  and  suddenly  a mixture  of  zinc  filings  and  sulphuret  of  mercury  : 
the  mercury  is  revived,  and  intense  action  ensues  during  the  union  of 
the  zinc  and  sulphur.  By  passing  the  vapor  of  sulphur  over  fused  zinc, 
E.  Davy  obtained  a white  crystalline  substance  resembling  native  phos- 
phorescent blende.  When  a salt  of  zinc  is  precipitated  by  hydrosulphuret 
of  potassa,  a white  compound  is  obtained,  composed,  according  to  Berzelius, 
of  72  oxide  of  zinc,  25  sulphuretted  hydrogen,  3 water.  It  is  probably 
a monohydrated  sulphuret  of  zinc.  Berthier  formed  a yellow  crystalline 
sulphuret  of  zinc  by  heating  anhydrous  sulphate  of  zinc  white-hot  for  an 
hour  in  a crucible  lined  with  charcoal.  It  is  observed  by  Dumas,  that, 
considering  the  strong  affinity  of  zinc  for  oxygen  and  chlorine,  its  feeble 
affinity  for  sulphur  is  remarkable.  Hydrogen  and  charcoal  decompose 


SULPHURET  OF  ZINC.  769 

blende  at  a white  heat;  in  the  former  case  sulphuretted  hydrogen,  and  in 
the  latter,  sulphuret  of  carbon  is  formed. 

Hydrated  sulphuret  of  zinc  is  the  result  of  the  decomposition  of  zinc 
salts  by  sulphuretted  hydrogen  or  alkaline  hydrosulphurets ; it  is  white, 
and  when  dried  at  100°,  or  in  vacuo,  is  = ZnS,HO  ; dried  at  212°,  it 
loses  half  its  water,  which  it  regains  by  exposure  to  air.  (Gmelin.) 
Sulphuret  of  zinc,  native  or  artificial,  consists  of 


Arfwedson,  Thomson. 

Zinc 1 ....  32  ....  6G-7  ....  66*34  ....  67*19 

Sulphur  1 ....  16  ....  33*3  ....  33*66  ....  32*81 


Sulphuret  of  zinc....  1 48  100*0  100*00  100*00 

Native  Sulphuret  of  Zinc^  or  Blende,  occurs  in  crystals  which  are  brittle, 
soft,  and  of  different  shades  of  brown  and  black.  Its  primitive  form  is 
the  rhomboidal  dodecahedron.  It  usually  contains  traces  of  iron  and 
lead.  It  is  an  abundant  mineral,  and  important  as  a source  of  the  pure 
metal,  which  is  obtained  by  roasting  the  ore,  and  afterwards  exposing  it 
to  heat  in  proper  distillatory  vessels,  mixed  with  charcoal.  The  English 
miners  call  it  black  jack. 

OxYSULPHURET  OF  ZiNC.  When  hydrogen  is  passed  over  sulphate  of 
zinc  at  a high  temperature,  a pulverulent  residue  is  obtained,  composed 
of  I atom  of  oxide  and  I of  sulphuret  of  zinc.  Karsten  analyzed  some 
hexagonal  crystals  which  lined  one  of  the  zinc-furnaces  at  Freiburg,  and 
found  them  composed  of  4 atoms  of  sulphuret  and  I atom  of  oxide  of 
zinc.  (Dumas.) 

Hyposulphite  of  Zinc.  Zn0,S202,  was  obtained  long  ago  by  Four- 
croy,  who  considered  it  as  a sulphuretted  sulphite  : he  formed  it  by  digest- 
ing metallic  zinc  in  sulphurous  acid.  By  gentle  evaporation  crystals  are 
obtained,  which  are  to  be  digested  in  alcohol ; this  liquid  dissolves  the 
hyposulphite,  and  affords  it  in  prismatic  crystals ; the  sulphite  which  is 
at  the  same  time  formed  being  insoluble  in  alcohol.  A mixture  of  oxide 
of  zinc  and  sulphur  treated  by  sulphurous  acid,  affords  the  same  salt ; it 
is  efflorescent,  and  easily  decomposed  by  heat,  (Fourcroy,  Systeme  des 
Connoissances  Chimiques,  v.  380.) 

This  salt  has  been  more  lately  examined  by  Fordos  and  Gelis;  they 
state  that  its  solution  is  colorless  and  inodorous,  and  not  precipitated  by 
alcohol : they  could  not  obtain  it  solid  or  crystallized,  for  if  evaporated, 
either  spontaneously  or  in  vacuo,  when  it  has  attained  a certain  degree  of 
concentration,  the  solution  becomes  turbid  from  the  deposition  of  a Avhite 
sulphuret  of  zinc,  and  sulphuretted  hyposulphate  of  zinc  is  formed. 
This  decomposition,  common  to  other  hyposulphites,  is  represented  by 
this  equation : 2 [Zn0,S202]  — ZnS  -f-  [Zn0,S305.3  When  the  solution  of 
hyposulphite  of  zinc  is  evaporated  to  dryness,  the  final  result  is  sulphuret 
of  zinc,  sulphur,  sulphate  of  zinc,  and  a disengagement  of  sulphurous 
acid. 

Hyposulphite  of  Zinc  and  Ammonia.  NH3,Zn0,S202.  Acicular 
crystals  obtained  by  supersaturating  a solution  of  hyposulphite  of  zinc 
with  ammonia,  and  adding  alcohol : it  is  decomposed  by  water,  with  the 
deposition  of  oxide.  (Rammelsberg.  Poggend.,  Lvi.  62.) 
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Sulphite  of  Zinc.  Zn0,S02,  is  formed  by  dissolving  the  oxide  in 
sulphurous  acid ; it  is  more  easily  crystallizable  and  much  less  soluble  in 
water  than  the  hyposulphite,  and  is  insoluble  in  alcohol.  Its  formula, 
according  to  Fordos  and  Gelis,  {Ann.  Ch.  et  Ph,,  Juillet,  1843)  is  ZnO, 
S02,2H6. 

PIyposulphate  of  Zinc.  Zn0,S205,  is  obtained  by  adding  a solution 
of  hyposulphate  of  baryta  to  sulphate  of  zinc ; it  is  very  soluble,  difficultly 
crystallizable,  and  decomposed  by  a slight  elevation  of  temperature : by 
boiling  it  becomes  sulphate.  The  crystals  are  composed  of 


Heeren. 

Oxide  of  zinc  1 ....  40  ....  24'1  ....  24’25 

Hyposulphuric  acid 1 ....  72  ....  43‘4  ....  43"51 

Water 6 ....  54  ....  32-5  ....  32-24 


Crystals  of  hyposulphate  of  zinc I 166  100  0 100*00 

Hyposulphate  of  Zinc  and  Ammonia.  Zn0,NH3,S205,  is  precipi-= 
tated  in  small  prismatic  crystals,  on  the  cooling  of  a hot  concentrated 
solution  of  hyposulphate  of  zinc  in  ammonia : it  is  decomposed  by  water. 
(Rammelsberg.) 

Sulphate  of  Zinc.  ZnO,S03.  Zinc  is  readily  oxidized  and  dissolved 
by  dilute  sulphuric  acid,  and  hydrogen  gas  is  given  off;  the  zinc  so  decom- 
poses w^ater,  that  an  atom  of  zinc  is  substituted  for  an  atom  of  hydro- 
gen: HO,S03  + Zn  — ZnO,S03 + H : or,  consistently  with  the  results  of 
electrolysis  as  pointed  out  by  Daniell,  H,S04-t-Zn=:ZnS04 + H.  A 
transparent  colorless  solution  of  snlphate  of  zinc  results,  wdiich  by  evapo- 
ration affords  crystals  urn:  Zn0,S03,7H0,  sp.  gr.  2-036,  in  the  form  of 
right  rhombic  prisms.  (Brooke,  Ann.  of  Phil. ^ N.S.,  vi.  437-)  This  salt 
is  usually  stated  to  be  soluble  in  2-5  parts  of  water  at  60° ; but  according 
to  Karsten  1 part  of  the  crystals  are  soluble  in  0 923  of  water  at  60°, 
forming  a solution  of  the  sp.  gr.  1*4235  : they  are  even  more  soluble  in 
hot  water : alcohol  takes  up  a mere  trace.  The  crystals  are  slightly 
efflorescent : at  212°  they  lose  6 atoms  of  w'ater,  retaining  1 till  heated 
nearly  to  dull  redness.  The  anhydrous  sulphate  is  white  and  friable  : 
sp.  gr.  3*4:  exposed  to  humid  air  it  gradually  resumes  7 atoms  of  w^ater: 
it  heats  when  sprinkled  with  w^ater:  at  a high  temperature  it  evolves 
sulphuric  and  sulphurous  acids  and  oxygen,  and  at  a white-heat  is 
entirely  decomposed,  leaving  oxide  of  zinc.  Hydrogen  passed  over  the 
red-hot  salt  converts  it  into  oxisulphuret.  It  is  soluble  in  hydrochloric 
acid  without  decomposition.  Anhydrous  sulphate  of  zinc  consists  of 

Tennant.  Wenzel.  Thomson. 

1 ....  40  ....  50  ....  46-19  ....  52-23 

1 ....  40  ....  50  ....  53*81  ....  47*77 

Sulphate  of  zinc 1 80  100  100*00  100*00 

The  ordinary  crystals  are  constituted  of 

Mitscherlich.  Kdlin. 

Anhydrous  sulphate  of  zinc ... . 1 ....  80  ....  56  ....  55*24  ....  55-72 

Water  7 ....  63  ....  44  ....  44*76  ....  44*28 


Oxide  of  zinc.. 
Sulphuric  acid 


Crystals  of  sulphate  of  zinc  ....  1 


143 


100 


100-00 


100-00 
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The  crystals  formed  at  a temperature  exceeding  8G®  contain  6 equi- 
valents of  water,  and  are  in  the  form  of  an  oblique  rhombic  prism.  (Mits  - 
CHERLicii.)  AYhen  sulphuric  acid  is  added  to  a concentrated  solution 
of  sulphate  of  zinc,  a white  pulverulent  sulphate  falls,  containing  2 equi- 
valents of  water.  So  also  when  the  pulverised  crystals  of  the  common 
sulphate  are  digested  in  absolute  alcohol  they  leave  a binhydrated  salt. 
Boiled  in  alcohol  of  sp.  gr.  0'856  a crystalline  mass  of  pentahydrated 
sulphate  remains.  (KiiiiN.) 

White  vitriol^  or  the  sulphate  of  zinc  of  commerce,  is  often  obtained  by 
the  oxiclizement  of  blende,  and  is  therefore  very  impure;  it  generally  con- 
tains a subsulphate  of  zinc,  together  with  the  sulphates  of  iron,  copper, 
cadmium,  alumina,  and  sometimes  lead.  It  usually  occurs  in  amorphous 
masses  with  a fracture  a little  resembling  that  of  sugar. 

Native  Sulphate  of  Zinc  occurs  at  Holywell  in  Flintshire,  and  in  other 
places  where  the  sulphuret  of  zinc  is  found;  it  is  proba])ly  the  result  of 
the  decomposition  of  that  ore,  and  is  often  contained  in  the  waters  of  the 
mines. 

Suhsulphates  of  Zinc.  I.  Bibasic.  2Zn0,S03,  is  formed  by  digesting 
metallic  zinc  or  oxide  of  zinc  in  a concentrated  solution  of  the  neutral 
sulphate  : or  by  throwing  down  the  oxide  from  one-half  of  a solution  of 
the  neutral  sulphate,  and  adding  it  to  the  other  half ; it  does  not  crystal- 
lize, but  by  slow  evaporation  or  when  copiously  diluted,  deposits  octo- 
sul2)hate  rr  8Zn0,S03,2II0.  (Schindler.)  ^2.  Quadrihasic.  4ZnO, 
S03,  is  obtained  by  precipitating  the  sulphate  by  a quantity  of  potassa 
insufficient  for  its  entire  decomposition,  and  dissolving  the  precipitate  in 
boiling  water  : it  crystallizes  either  in  plates  or  prisms,  and  may  be 
obtained  with  2,  4,  8,  and  10  atoms  of  water.  (Kuhn.  Gmelin,  Hand- 
buchd) 

Sulphate  of  Zinc  and  x\MMONrA.  100  parts  of  anhydrous  sulphate 
of  zinc  rapidly  absorb  53'7  of  ammonia,  Avitli  the  production  of  heat:  the 
compound  dissolved  in  water  deposits  oxide  of  zinc.  (H.  Rose,  A nn.  Ch. 
et  Ph.^  Lii.  311.)  Thomson  obtained  an  ammonio-sulphate  = NH40, 
Zn0,2S03,6II0,  by  mixing  solutions  of  the  two  constituent  salts  in  atomic 
proportions,  and  concentrating  by  evaporation  : it  crystallizes  in  Avhite 
rhomboids,  which  readily  dissolve  in  water.  By  the  action  of  excess  of 
ammonia  on  a solution  of  sulphate  of  zinc  a salt  is  formed,  the  formula  of 
which  is  NIT40,S03-1-  Nri3,ZnO:  it  crystallizes  in  short  prisms,  and  when 
heated  evolves  NH3,1I0,  and  a white  powder,  NIl3,Zn0,S03,  remains  : 
in  crystals  it  contains  3110,  of  which  it  loses  2 by  efflorescence,  and  the 
third  by  a moderate  heat.  (Kane,  Elements.) 

Sulphate  of  Zinc  and  Potassa.  K0,Zn0,2S03,GII0,  forms  flat 
rhomboidal  crystals,  permanent  in  the  air,  and  soluble  in  5 parts  of  water 
at  G0°.  (II.  ^STOKES,  Phil.  Mag.,  2nd  Series,  ii.  428.)  They  lose  ,5 
atoms  of  water  in  vacuo,  at  80°:  the  remaining  atom  of  water  is  retained 
till  heated  to  250°.  (Graham.) 

Sulphate  of  Zinc  and  Soda.  Na0,Zii0,2S0.3,4II0.  Sulphate  of 
zinc  and  sulphate  of  soda  when  simply  dissolved  together  always  crystal- 
lize apart  and  do  not  combine  : but  the  double  salt  is  formed  on  mixing 
Yol.  II.  3 E 
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strong  solutions  of  sulphate  of  zinc  and  hisulphate  of  soda,  and  separates 
hy  crystallization,  the  sulphate  of  water  with  constitutional  water  (hy- 
drated acid  of  sp.  gr.  1*78)  being  produced  at  the  same  time  and  remain- 
ing in  solution.  The  reaction  which  occurs  may  be  thus  expressed: 

Before  decomposition.  After  decomposition. 

H0,S03  [ NaO,S03]  1 _ J HO  ,S03  + HO 

Zu0,S03  + [HO]  J “ 1 Zn0,S03  + Na0,S03 

in  which  the  constituents  of  both  salts  inclosed  in  brackets,  are  found  to 
have  exchanged  places  after  decomposition,  without  any  other  change  in 
the  original  salts.  (Graham.  On  water  as  a constituent  of  the  sulphates. 
Phil.  Mag..,  3rd  Series,  vi.  417*)  According  to  Karsten,  (as  quoted  by 
Gmelin,)  this  double  salt  may  be  obtained  by  dissolving  sulphate  of  zinc 
in  a saturated  solution  of  sulphate  of  soda,  and  leaving  it  slowly  to  eva- 
porate : and  it  is  only  when  the  solution  is  strongly  heated  and  then 
suddenly  cooled,  that  the  salts  separate. 

Sulphate  of  Zinc  and  Magnesia.  Sulphate  of  magnesia  dissolved 
in  a cold  saturated  solution  of  sulphate  of  zinc,  is  at  first  clear,  but  after- 
wards deposits  a double  salt.  (Karsten.)  According  to  Pierre,  this 
salt  is  Zn0,S03  + Mg0,S03 -h  14HO.  He  considers  the  sulphate  of  zinc 
as  carrying  its  7 atoms  of  water  into  its  double  salts.  (Aim.  Ch,  et  Ph.. 
Feb.  1846.) 

Phosphuret  of  Zinc  is  a brilliant  lead-colored  compound,  formed  by 
distilling  in  a coated  retort  a mixture  of  2 parts  of  zinc  and  1 of  phos- 
phorus : it  rises  as  a sublimate.  When  phosphuretted  hydrogen  is  gently 
passed  over  warm  chloride  of  zinc,  hydrochloric  acid  is  slowly  evolved, 
and  on  dissolving  the  mass  in  water,  black  particles  of  a metallic  lustre 
separate,  insoluble  in  hydrochloric  acid,  and  burning  before  the  blow-pipe 
with  a phosphorus  flame.  (H.  Pose.) 

Hypophosphite  of  Zinc.  The  solution  of  oxide  of  zinc  in  warm 
aqueous  hypophosphorous  acid  evaporated  in  vacuo  leaves  a crystalline 
residue  of  this  salt.  (H.  Rose.)  It  forms  octohedrons  and  rhombo- 
hedrons  which  are  extremely  efflorescent:  their  formula  is  ZnO,PO,3HO. 
(WURTZ.) 

Phosphite  of  Zinc.  Zn0,P03,6H0.  This  is  a difiicultly-soluble 
salt,  obtained  by  adding  an  aqueous  solution  of  terchloride  of  phosphorus 
saturated  with  ammonia  to  a solution  of  sulphate  of  zinc : it  is  partly 
precipitated  and  the  rest  may  be  obtained  by  evaporation.  (H.  Rose, 
Poggend.^  ix.  29.) 

Phosphate  of  Zinc.  (1.)  Tribasic.  3Zn0,P05.  When  phosphate 
of  soda  is  added  to  solution  of  sulphate  of  zinc  a precipitate  falls,  at  first 
gelatinous,  but  afterwards  granular,  tasteless,  and  easily  fusible  : insoluble 
in  water,  but  easily  soluble  in  acids,  and  in  ammonia. 

(2.)  Tribasic.,  with  1 atom  of  water.  2Zn0,H0,P05.  This  salt 
falls  in  small  shining  crystals  on  mixing  a solution  of  3 parts  of  sulphate 
of  zinc  in  32  of  hot  water,  with  one  of  4 jiarts  of  crystallized  phosphate 
of  soda  in  32  of  hot  water:  the  crystals  are  2Zn0,H0,P05, -{-2HO.  At 
a heat  above  212°,  but  below  that  of  melting  tin,  they  lose  2 atoms 
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of  water : they  fuse  at  a red  heat,  losing  the  third  atom  of  water. 
(Graham.) 

Pyrophosphate  of  Zinc  is  formed  by  precipitating  a zinc-salt  with  pyro- 
phosphate of  soda  : boiled  in  solution  of  common  phosphate  of  soda,  it 
yields  common  phosphate  of  zinc  and  pyrophosphate  of  soda.  (Stro- 

MEYER.) 

Carburet  of  Zinc  is  the  black  powder  which  remains  after  the  dis- 
tillation of  cyanide  of  zinc.  (Berzelius.) 

Carbonate  of  Zinc.  Zn0,C02,  may  be  formed  by  passing  carbonic 
acid  through  water  containing  diffused  hydrated  oxide  of  zinc.  The  pre- 
cipitate formed  by  adding  carbonate  of  potassa  to  sulphate  of  zinc,  is, 
according  to  Berzelius,  a mixture  of  carbonate  and  hydrated  oxide,  analo- 
gous to  the  magnesia  alba:  its  formula  being  2[Zn0,C02]  -f  3 [ZnO, 
HO],  or  when  precipitated  in  the  cold,  Zn0,C02 -1-2 [ZnO,HO.]  Some 
of  the  varieties  of  calamine  consist  of  anhydrous  carbonate  of  zinc  : spe- 
cimens from  Somersetshire  and  Derbyshire  yielded 


Smithson. 

Oxide  of  zinc  1 ....  40  ....  G4'5  ....  65 

Carbonic  acid  1 ....  22  ....  35*5  ....  35 


1 62  1000  100 

Another  variety  of  calamine,  from  Bleiberg,  in  Carinthia,  is  probably 
a hydrous  subcarbonate,  consisting  of 


Smithson. 

Oxide  of  zinc 3 ....  120  ....  71  ....  71'4 

Carbonic  acid 1 ....  22  ....  13  ....  13'5 

Water 3 ....  27  ....  16  ....  15-1 


1 169  100  1000 

Calamine  occurs  both  crystallized  and  massive;  its  primitive  form  is 
an  obtuse  rhomboid.  It  is  often  found  investing  carbonate  of  lime,  which 
has  sometimes  been  decomposed,  and  the  calamine  remains  in  pseudo- 
crystals. It  abounds  in  Somersetshire,  Flintshire,  and  Derbyshire.  A 
beautiful  variety,  colored  by  carbonate  of  copper,  is  found  at  Matlock. 
The  variety  of  calamine,  known  by  the  name  of  electric  calamine^  from 
its  property  of  becoming  electrical  when  gently  heated,  consists  of  oxide 
of  zinc  in  combination  with  silica. 

Ammonio-Carbonate  of  Zinc  is  formed  by  precipitating  carbonate 
of  zinc,  and,  having  washed  it  upon  a filter,  pouring  upon  it  a concen- 
trated solution  of  carbonate  of  ammonia ; the  filtrate  gradually  deposits 
acicular  groups  of  the  double  salt  m 2ZnO,Nri4  O -1- 2002.  (Favre, 
Ann.  Ch.  et  Ph..^  Avril,  1844.)  Zinc  filings  and  oxide  of  zinc  both  dis- 
solve in  aqueous  carbonate  of  ammonia,  the  former  effervescing,  the  latter 
heating.  The  evaporated  liquor  yields  silky  crystals  which  are  decom- 
posed by  excess  of  water.  When  solution  of  chloride  of  zinc  is  dropped 
into  excess  of  ammonia  and  carbonate  of  ammonia  added,  stellated  groups 
of  acicular  crystals  form  upon  exposing  the  solution  to  air : when  dried, 
they  become  -white  and  crumble  into  a powder,  which  leaves  when  heated 
62  per  cent,  of  oxide  of  zinc.  (Wohler.) 
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PoTASsio -Carbonate  of  Zinc  is  deposited  as  a white  powder,  KO, 
Zn0,2C02,2H0,  when  a saturated  solution  of  oxide  of  zinc  in  potassa 
is  exposed  to  the  air.  (Kane.) 

SoDio- Carbonate  of  Zinc.  When  zinc  is  boiled  for  some  hours  in 
a solution  of  carbonate  of  soda,  hydrogen  is  evolved,  and  oxide  of  zinc 
dissolved  : after  some  days  the  undissolved  zinc  is  covered  with  small 
octohedral  and  tetrahedral  crystals  insoluble  in  water,  but  from  which, 
after  tliey  have  been  heated  red-hot,  water  abstracts  carbonate  of  soda  and 
leaves  oxide  of  zinc.  (Wohler.) 

Cyanide  of  Zinc,  ZnCy,  forms  an  insoluble  white  powder,  when 
solution  of  cyanide  of  potassium  is  added  to  sulphate  of  zinc ; or  when 
hydrocyanic  acid  is  added  to  acetate  of  zinc;  it  is  insoluble  in  alcohol,  but 
soluble  in  ammonia,  and  in  dilute  hydrochloric  acid,  with  the  separation 
of  hydrocyanic  acid.  By  destructive  distillation  in  a retort,  it  leaves  a 
black  cay'huret  of  zinc. 

Fulminate  of  Zinc.  2ZnO,Cy2  O2.  When  I part  of  fulminating 
mercury  and  2 of  zinc  filings  are  shaken  together  with  a little  water  in  a 
phial  an  amalgam  of  zinc  is  formed,  and  the  solution  holds  fulminate  of 
zinc  without  a trace  of  mercury : evaporated  in  vacuo  it  deposits  small 
white  rhomboidal  crystals  and  a 3"ellow  powder  which  may  be  washed  olf 
with  water:  the  crystals  are  insoluble  in  water;  they  explode  at  350*^,  and 
also  by  friction,  and  by  contact  of  sulphuric  acid.  When  baryta  is  added 
to  the  original  solution  of  this  salt  half  the  oxide  of  zinc  is  thrown  down 
and  zincqfulmmate  of  baryta  is  obtained  =:  ZnO,BaO,Cy2  O2.  From  this 
the  baryta  may  be  precipitated  by  sulphuric  acid,  and  an  acid  fulminate 
of  zinc  is  retained  in  solution.  Decomposed  by  sulphate  of  potassa,  the 
baryta  salt  gives  rise  to  a zincqfnlminaie  of  potassa^  ZnO,KO,  Cy2  O2. 
In  the  same  way  other  zincofulminates  may  be  obtained.  (E.  Davy.) 
Other  views  of  the  constitution  of  these  salts  have  been  taken  by  Berze- 
lius. (^Handbnch.f] 

Ferrocyanide  of  Zinc  is  thrown  down  in  the  form  of  a white  gela- 
tinous precipitate,  when  hjxlroferrocyanic  acid  is  added  to  a soluble  zinc- 
salt. 

ZiNCocYANlDE  OF  PoTASSiuM.  When  cyanide  of  zinc  is  dissolved  in 
a solution  of  c^mnide  of  potassium,  filtered,  and  evaporated,  large  octohe- 
dral crystals  are  obtained,  anhydrous,  decrepitating  when  heated,  and 
then  fusing  into  a transparent  colorless  liquid.  (L.  Gmelin.) 

Ferrocyanide  of  Zinc  and  Potassium.  When  a solution  of  ferro- 
cyanide  of  potassium  is  added  to  a zinc-salt,  the  vdiite  precipitate  which 
falls  is  a double  ferrocyanide.  It  is  represented  by  the  formula  Zn3, 
K:  2Cfy.  When  dried  in  the  air  it  retains  12  atoms  of  water. 
(Mosander.) 

Beduction  of  the  Ores  of  Zinc.  The  zinc  of  commerce  is  pro“ 
cured  from  the  native  sulphuret,  and  from  calamine,  by  the  following 
process.  The  ore  is  first  picked  and  broken  into  small  pieces,  and  then 
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submitted  to  a dull  red-lieat  in  a reverberatory  furnace,  by  ^vbicll  car- 
bonic acid  is  driven  off  from  the  calamine,  and  sulphur  from  the  blendeo 
It  is  then  'washed,  ground,  and  thoroughly  mixed  with  about  one-eighth 
its  Aveight  of  powdered  charcoal.  This  mixture  is  put  into  large  earthen 
pots,  not  unlike  oil-jars,  six  of  Avhich  are  usually  placed  in  a circular 
furnace ; each  pot  has  an  iron  tube  passing  froin  its  loAver  part,  through 
the  floor  of  the  furnace,  and  dipping  into  Avater ; they  are  everyAAdiere 
else  firmly  luted:  upon  the  application  of  a high  red  heat,  the  metal  distils 
through  the  tube  into  the  AA^ater  beneath,  AA'hence  it  is  collected,  melted, 
and  cast  into  cakes.  The  details  of  the  process  for  the  reduction  of  zinc 
Avill  be  found  in  Uee’s  Diet,  of  Arts  and  Maiinfactures^  and  in  Dumas, 
Chivi.  app.  an:c  Arts. 

Alloys  of  Zinc.  With  potassium  and  sodium.,  zinc  forms  brittle 
alloys,  decomposable  by  exposure  to  air  and  Avater.  Its  alloy  Avith  7nan- 
ganese  is  unknoAvn.  With  iron  it  yields  a AA’hite  and  someAvhat  malleable 
alloy,  AA’hich  is  difficult  to  form  ; but  if  plates  of  hot  iron  be  dipped  into 
melted  zinc,  they  acquire  the  appearance  of  tin-plate,  for  AAdiich  they  are 
a most  valuable  substitute,  inasmuch  as  the  zinced  iron  is  prevented  from 
oxidizement  and  rusting  by  the  electrical  relations  of  the  metals  (p.225): 
the  zinc  it  is  true  is  more  subject  to  oxidizement,  but  so  long  as  any  of  it 
remains  the  iron  is  protected ; and,  when  covered  by  a coat  of  paint,  is 
extremely  durable.  Hurdles,  fences,  and  all  out  of  door  iron-Avork,  as 
Avell  as  locks,  bolts,  hinges,  and  other  implements  used  in  damp  situations, 
and  all  iron-Avork  emplo^^ed  in  the  contact  of  Avater,  may  be  thus  de- 
fended. Zinced  iron  has  also  been  of  late  used  for  roofing,  and  is  exten- 
sively thus  applied  in  the  new  palace  at  Westminster;  it  has  also  been 
successfully  employed  as  a substitute  for  the  copper-sheathing  of  ships. 
The  Avires  of  electric  telegraphs  are  generally  of  zinced  iron,  and  their 
section,  aaTicii  exposed  to  air  and  Avater,  sometimes  exhibits  a fresh  depo- 
sition of  zinc,  arising  from  the  galvanic  precipitation  of  small  portions  of 
dissolved  zinc  upon  the  electro-negatiA'e  iron : in  short,  zinced  iron 
promises  to  rank  amongst  the  most  important  contributions  of  science  to 
the  useful  arts.  The  zincing  of  iron  is  generally  performed  by  dipping  the 
iron,  previously  Avell  cleaned,  into  melted  zinc  the  surface  of  Avhich  is 
kept  carefully  covered  Avitli  sal-ammoniac  to  prevent  oxidizement,  and  so 
enable  the  iron  to  become  thoroughly  Avetted  as  it  Avere,  and  superficially 
combined  Avith  the  zinc.  The  zinc  is  fused  in  large  Avrought  iron  vessels, 
placed  OA^er  proper  furnaces,  and  after  the  frecpient  dippings  of  the  iron 
articles,  there  is  ultimately  found  at  the  bottom  of  the  melted  metal  a 
quantity  of  a granular  alloy  of  zinc  and  iron.  The  process  is  not  appli- 
cable to  the  generality  of  vessels  used  for  culinary  purposes,  in  conse- 
quence of  the  contaminations  by  oxide  of  zinc  Avhich  Avould  often  ensue, 
especially  Avith  acidulous  liquors.  In  using  zinced  iron  care  should  be 
taken  that  Avhere  nails  or  rivets  are  recjuiied  they  should  also  be  of  the 
same  material. 

Characters  of  the  Salts  of  Zinc.  They  are  mostly  soluble  in 
water,  and  the  solutions  are  colorless,  and  have  a peculiarly  unpleasant 
astringent  and  metallic  taste : they  are  not  precipitated  by  iodide  of 
potassium.  Potassa,  soda,  and  ammonia,  form  Avhite  precipitates,  soluble 


in  excess  of  tlie  alkali,  and  in  dilute  sulphuric  acid.  In  this  case  the 
precipitate  is  distinguished  from  alumina  by  its  solubility  in  excess  of 
ammonia.  The  precipitate  formed  in  solutions  of  zinc  by  the  carbonates 
of  potassa  and  soda  is  not  soluble  in  excess  of  those  carbonates,  but 
when  carbonate  of  ammonia  is  used  the  precipitate  is  again  dissolved. 
Sulphuretted  hydrogen  throws  down  a white  hydrated  sulphuret  of  zinc 
in  some  of  the  perfectly  neutral  solutions,  but  not  in  those  which  are  acid 
or  alkaline.  Hydrosulphuret  of  ammonia  produces  a white  or  yellowish- 
white  precipitate.  The  soluble  phosphates,  carbonates,  oxalates,  and 
borates,  produce  white  precipitates  soluble  in  acids  and  alkalis : ferrocy- 
anide  of  potassium  gives  a white  bulky  precipitate,  and  ferridcyanide  an 
orange- colored  precipitate,  soluble  in  hydrochloric  acid.  Infusion  of  galls 
occasions  no  precipitate  except  in  the  basic  salts.  The  salts  which  are 
insoluble  in  water  dissolve  in  dilute  sulphuric  acid,  and  are  precipitated 
by  ammonia,  but  generally  dissolve  in  excess  of  acid  or  of  precipitant. 
Metallic  zinc  is  not  thrown  down  from  its  solutions  by  any  of  the  other 
metals,  with  the  occasional  exception,  however,  of  iron.  (See  p.  195.) 

Before  the  blow-pipe  oxide  of  zinc  becomes  yellow  when  heated,  but 
whitens  as  it  cools.  A small  proportion  forms  with  microcosmic  salt,  and 
with  borax,  a clear  glass,  which  becomes  opaque  on  increasing  the  quan- 
tity of  oxide.  A drop  of  nitrate  of  cobalt  being  added  to  the  oxide,  and 
dried  and  ignited,  it  becomes  green.  With  soda,  in  the  interior  flame 
oxide  of  zinc  is  reduced,  and  the  metal  burns  with  its  characteristic  flame, 
depositing  its  oxide  upon  the  charcoal.  By  this  process  zinc  may  be 
easily  detected,  even  in  the  automalite.  Mixed  with  oxide  of  copper,  and 
reduced,  the  zinc  will  be  fixed  and  brass  obtained.  But  one  of  the  most 
unequivocal  characters  of  the  oxide  of  zinc  is,  to  dissolve  it  in  acetic  acid, 
evaporate  the  solution  to  dryness,  and  expose  it  to  the  flame  of  a lamp, 
when  the  metal  is  reduced  and  burns  with  its  peculiar  flame. 

§ XL  TIN.  Sn.  59. 

Tin  (Jupiter  2/  of  the  alchemists)  has  been  knowm  from  the  remotest 
ages.  It  was  in  common  use  in  the  time  of  Moses,  and  was  obtained  at 
a very  early  period  from  Spain  and  Britain  by  the  Phoenicians.  (Pliny, 
lib.  iv.  cap.  34,  and  xxxiv.  cap.  47.)  It  occurs  most  abundantly  in 
Cornw'all ; and  is  also  found  in  Germany,  Bohemia,  and  Hungary,  in 
Europe ; in  Chili  and  Mexico;  in  the  Peninsula  of  Malacca;  and  in 
India,  in  the  Island  of  Banca.  A little  tin  has  also  been  found  at  Fahlun 
and  Uto,  in  Sweden.  Several  varieties  of  tin  occur  in  commerce,  re- 
specting which  Yauquelin  has  given  an  useful  essay.  {^Ann.  de  Chhn.^ 
Lxxvii.)  The  native  peroxide  the  principal  ore  of  tin:  the  metal  is 
obtained  by  heating  it  to  redness  wdth  charcoal  or  culm,  and  a little  lime ; 
the  first  product  is  impure  and  is  returned  into  the  furnace,  and  carefully 
heated  so  as  to  fuse  the  tin,  which  runs  off  into  an  iron  kettle,  wdiile  the 
principal  impurities  remain  unmelted;  in  the  kettle  the  tin  is  kept  in 
fusion,  stirred,  and  agitated  by  plunging  wet  charcoal  into  it,  by  wdiich  a 
quantity  of  impurities  collect  upon  the  surface,  and  are  removed  by  a 
skimmer;  thus  refined,  the  metal  is  cast  into  blocks  of  about  3 cwt.  each. 
The  common  ores  are  known  under  the  name  of  mine  tin,  and  furnish  a 
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less  pure  metal  than  that  obtained  from  stream  tin.  The  ordinary  pro- 
cesses of  reduction  are  described  at  length  in  Atkin’s  Dictionary  (Art. 
Tin);  by  M.  Bonnard  {Journ.  des  Mines^  xiv.);  and  by  Mr.  Taylor,  in 
the  5th  volume  of  the  Geological  Transactions.  The  purest  kind  of  tin 
is  known  in  commerce  under  the  name  of  grain  tin^  a term  formerly 
applied  exclusively  to  the  metal  obtained  from  the  stream  ore:  block  tin 
is  less  pure,  and  is  the  produce  of  the  common  ore  of  the  veins.  The 
peculiar  columnar  fracture  which  pure  or  grain  tin  exhibits  when  broken, 
is  given  it  by  heating  the  mass  till  it  becomes  brittle,  and  then  letting  it 
fall  upon  a hard  pavement  from  a height. 

Tin  has  a silvery-white  color  with  a slight  tint  of  yellow,  and  when 
so  viewed  as  to  exclude  the  white  light  reflected  from  its  surface,  it 
is  decidedly  yellow;  it  is  softer  than  gold,  but  harder  than  lead;  it  is 
malleable,  though  sparingly  ductile.  ^ Common  tin-foil,  which  is  obtained 
by  heating  out  the  metal,  is  often  not  more  than  1-1 000th  of  an  inch 
in  thickness,  and  what  is  termed  white  Dutch  metal  is  in  much  thinner 
leaves. 

Its  specific  gravity  fluctuates  from  7'28  to  7'fl,  the  lightest  being  the 
purest  metal.  Its  specific  heat  is  0'05623.  (Regnault.)  When  bent, 
it  occasions  a peculiar  crackling  noise,  arising  from  the  destruction  of 
cohesion  among  its  particles,  and  hence  the  brittleness  and  want  of  tena- 
city of  tin-wire.  When  a bar  of  tin  is  rapidly  bent  backwards  and 
forwards  several  times  successively,  it  becomes  so  hot  that  it  cannot  be 
held  in  the  hand.  When  rubbed  it  exhales  a peculiar  odor.  It  melts  at 
442^  (Crichton.  Rudberg.)  440°  (Kupffer),  and  slightly  contracts 
on  consolidation.  By  exposure  to  heat  and  air,  it  is  gradually  converted 
into  protoxide ; but  if  the  heat  be  continued  till  metallic  tin  no  longer 
remains,  the  protoxide  passes  into  peroxide.  Placed  upon  ignited  char- 
coal under  a current  of  oxygen  gas,  it  enters  into  rapid  combustion, 
forming  the  peroxide ; and  if  an  intensely-heated  globule  of  the  metal 
be  thrown  upon  a sheet  of  dark-colored  paper,  it  subdivides  into  small 
particles,  which  burn  very  brilliantly,  and  leave  lines  of  white  oxide.  It 
volatilizes  at  a very  high  temperature.  When  a polished  surface  of  tin 
is  heated  it  becomes  yellow  and  iridescent,  in  consequence  of  superficial 
oxidizement. 

A preparation,  under  the  name  of  yowdered  tin.  Is  sometimes  directed 
to  be  made  for  pharmaceutical  use,  by  shaking  the  melted  metal  in  a 
wooden  box  rubbed  with  chalk  on  the  inside  : tin  ^filings  have  also  a place 
in  some  Pharmacopoeice,  and  have  been  used  as  a vermifuge.  These  pre- 
parations are,  however,  both  dangerous,  the  metal  being  rendered  poisonous 
in  the  former  case  by  slight  oxidation,  (Orfila,  Trade  des  Poisons,  tom.  i. 
2me  partie,  p.  18,)  and  often  creating  dangerous  irritation  Avhen  given  in 
filings.  The  equivalent  of  tin  may  be  assumed  as  59.  (57’9  Turner; 

59  Gmelin;  58’92  Graham.) 

Protoxide  of  Tin.  Stannous  Oxide,  SnO,  is  obtained  by  precipi- 
tating a solution  of  protochloride  of  tin  by  ammonia ; it  falls  in  the  state 
of  hydrate  ; when  dried,  out  of  the  contact  of  air,  it  is  of  a dark  color,  and 
undecomposable  alone  by  heat.  According  to  Cassola,  protoxide  of  tin  is 
formed  by  pouring  nitric  acid  diluted  with  ten  times  its  volume  of  water 
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upon  tin  filings,  and  leaving  them  in  contact  48  hours.  When  protochlo- 
ride of  tin  is  decomposed  hy  a carbonated  alkali,  and  the  precipitate 
carefully  dried  at  a temperature  beloAV  212°,  it  is  also  a hydrated  prot- 
oxide^ retaining  no  trace  of  carbonic  acid.  It  is  obtained  anhydrous  by 
heating  the  hydrate  to  redness  in  a retort  filled  with  carbonic  acid;  or  by 
heating  it  in  a glass  tube,  and  passing  a current  of  dry  carbonic  acid  over 
it  till  the  water  is  carried  off,  and  suffering  it  to  cool  out  of  the  contact 
of  air.  The  best  process  for  obtaining  the  anhydrous  protoxide  appears 
to  he  the  decomposition  of  fused  protochloride  of  tin  by  carbonate  of 
soda:  1 atom  of  each  are  fused  together  and  stirred  till  the  mixture 
acquires  a black  color:  it  is  then  washed,  and  the  remaining  protoxide 
dried  at  a gentle  heat.  (Sandall.)  The  specific  gravity  of  this  oxide  is 
6*6.  It  is  in  the  form  of  a dark  grey  or  black  powder,  which,  on  the  con- 
tact of  a red-hot  wire,  burns  like  tinder  into  peroxide.  In  the  hydrated 
state  it  dissolves  very  readily  in  sulphuric,  hydrochloric,  and  dilute  nitric 
acids,  and  in  caustic  potassa  and  soda,  but  not  in  ammonia,  nor  in  the 
alkaline  carbonates.  Its  alkaline  solution,  when  long  kept,  deposits 
metallic  tin  in  arborescent  crystals,  and  becomes  a solution  of  the  per- 
oxide. The  presence  of  protoxide  of  tin  in  solution  is  announced  by  its 
action  on  chloride  of  gold,  with  which  it  forms  a purple  precipitate. 
Protoxide  of  tin  consists  of 


Berzelius.  Proust,  Gay  Lussac. 

Tin 1 ....  59  ....  88-06  ....  88-028  ....  87  ....  88-1 

Oxygen  1 ....  8 ....  11-94  ....  11-972  ....  13  ....  11  9 


Protoxide  of  tin....  1 67  100-00  100-000  100  100-0 

Sesquioxide  of  Tin.  Deutoxide  of  Tin.  Sn203.  When  a solution 
of  protochloride  of  tin  is  mixed  with  moist  hydrated  sesquioxide  of  iron 
and  boiled,  an  interchange  of  elements  takes  place,  by  which  protochloride 
of  iron  and  sesquioxide  of  tin  are  formed : in  this  case,  2 [SnCl]  and 
Fe2  03,  become  Sn2  03  and  2[FeCl].  The  solubility  of  this  oxide  in  am- 
monia distinguishes  it  from  protoxide;  and  its  giving  a purple  precipitate 
with  chloride  of  gold,  from  peroxide:  it  is  soluble  in  concentrated  hydro- 
chloric acid.  (Fuchs.) 

Peroxide  of  Tin.  Binoxide  of  Tin.  Stannic  Oxide.  Stannic 
Acid.  Sn02,  is  the  result  of  the  combustion  of  tin  at  high  temperatures, 
(^Flores  Jovis.)  It  is  also  formed  by  passing  steam  over  red-hot  tin, 
(Gay  Lussac,)  and  by  heating  a mixture  of  I part  of  tin  filings  Avith  4 of 
peroxide  of  mercury,  in  a retort.  (Berzelius.)  It  is  generally  prepared 
by  treating  the  metal  Avith  nitric  acid  : in  its  most  concentrated  form  this 
acid  does  not  immediately  act,  but  on  the  addition  of  a feAV  drops  of  Avater 
violent  effervescence  ensues,  much  heat  is  evolved,  together  Avith  nitric 
oxide  and  nitrous  acid  vapor  some  nitrate  of  ammonia  is  also  formed, 
and  the  peroxide  of  tin  remains  in  the  form  of  a Avhite  insoluble  poAvder ; 
it  may  be  purified  by  AA^ashing  it  Avith  boiling  distilled  Avater,  and  may 
then  be  dried  at  a dull  red-heat.  Peroxide  of  tin  is  also  formed  by  pro- 
jecting a sufficient  quantity  of  nitre  upon  red-hot  tin.  Fused  Avith  glass,  it 
forms  white  enamel ; but  alone,  it  is  extremely  infusible,  and  Avhen  it  has 
been  heated  it  is  insoluble  in  acids.  The  substance  called  Tin  pnity^  or 
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Jewellers  putty^  is  an  oxide  of  tin,  formed  by  levigating  the  crusts  of 
oxide  that  form  upon  the  metal  when  kept  for  some  time  in  fusion  : it  is 
probably  a mixture  of  the  protoxide  and  peroxide,  and  is  used  for  polishing 
hard  bodies. 

W hen  a solution  of  bichloride  of  tin  is  decomposed  by  ammonia,  or 
by  an  alkaline  carbonate,  a bulky  gelatinous  precipitate  falls,  -wliich, 
nhen  U’ashed  and  carefully  dried,  resembles  gum;  it  is  a hydrated  per- 
oxide^ and  retains  one  atom  of  water.  In  this  state  it  is  soluble  in  the 
acids:  dilute  hydrochloric  acid  dissolves'  it  abundantly;  but  if  it  be 
boiled  in  water,  and  then  again  collected  and  dried,  it  is  no  longer  per- 
fectly soluble  in  hydrochloric  acid,  but  forms  with  it  a subsalt;  on  pouring 
off  the  excess  of  acid  the  residue  may  be  dissolved  in  water,  but  when 
hydrochlorie  acid  is  added  it  is  again  thrown  down.  These  peculiarities 
have  been  referred  to  changes  in  its  state  of  hydration.  If  the  hydrated 
2)eroxide  obtained  by  the  action  of  nitric  acid  on  tin  be  heated  to  redness, 
it  becomes  insoluble  in  the  acids  unless  previously  ignited  with  potassa 
or  soda.  This  oxide  consists  of 

John  Davy.  Proust.  Gay  Lussac.  Berzelius. 

Tin 1 ....  59  ....  78-67  ....  78-34  ....  78-4  ....  78-0  ....  78-62 

Oxygen  2 ....  10  ....  21-33  ....  21-60  ....  21-6  ....  21-4  ....  21-38 

Peroxide  of  tin  1 75  100-00  100  00  100  0 100  0 100-00 

Berzelius  has  shown  (Lehrbuch)  that  the  oxide  of  tin  obtained  by  the 
decomposition  of  the  perchloride,  has  characters  distinct  from  those  of  the 
peroxide  obtained  by  the  action  of  nitric  acid  on  tin:  the  former  he 
terms  modification  a or  «Sii02 ; the  latter,  modification  b or  ^Sn02.  The 
former  (GSn02)  is  soluble  in  its  hydrated  state  in  nitric  acid,  which  gra- 
dually deposits  it  in  gelatinous  lumps,  coagulated  when  heated  to  122^,  and 
in  this  state,  if  treated  first  by  ammonia  and  then  by  nitric  acid,  it  is 
soluble.  It  is  soluble  in  dilute  sulphunc  acid,  and  the  solution  is  not 
precipitated  when  boiled.  It  is  easily  dissolved  by  hydrochloric  acid,  and 
excess  of  acid  does  not  precipitate  it.  The  latter  ((^Sn02)  is  insoluble  in 
nitric  acid,  and  in  sulphuric  acid,  and  nearly  insoluble  in  hydrochloric 
acid,  with  which,  however,  it  combines,  so  that  when  the  acid  is  poured 
off,  the  residue,  after  having  been  washed  with  a little  water,  is  soluble 
in  water,  but  again  precipitated  from  its  aqueous  solution  by  hydrochloric 
acid. 

Native  Peroxide  of  Tin  is  generally  grey,  brown,  or  black,  and  some- 
times transparent  or  translucent.  The  specific  gravity  of  the  native  oxide 
is  7:  its  primitive  crystal  is  an  obtuse  octohedron,  of  which  the  modifi- 
cations are  extremely  numerous.  (W.  Phillips,  GeoL  Trails.^  ii.)  In 
some  of  the  valle3-s  of  Cornwall,  tin  is  found  in  rounded  nodules,  of 
various  sizes,  mixed  with  pebbles  and  rounded  fragments  of  rocks.  To 
separate  the  tin  from  the  alluvial  matter,  currents  of  water  are  passed 
over  it,  and  hence  these  deposits  have  been  called  stream  7vorIa\  and  the 
tin  ore,  stream  tin.  One  of  the  most  extensive  of  these  is  a branch  of 
Falmouth  Harbour.  A modification  of  stream  tin  is  called  ivood  tin:  it 
usually  appears  in  small  banded  fragments  of  globular  masses.  The 
native  peroxide  of  tin  is  insoluble  in  the  acids,  but  if  it  be  fused  with 
potassa,  the  resulting  stannate  of  potassa  is  soluble  in  water,  and  from 
it  the  soluble  hydrated  peroxide  may  be  thrown  down  by  the  acids. 
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The  following  are  analyses  of  native  oxide  of  tin  from  several  localities 
(Dumas)  : 

Cornwall.  Boliemia.  Mexico.  Finbo.  "Wood  tin. 

Peroxide  of  tin 99  00  ....  99*5  ....  95  0 ....  93’6  ....  91 

Oxide  of  iron  0*25  ....  O'S  ....  5-0  ....  1-4  ....  9 

Oxide  of  manganese....  O'OO  ....  O’O  ....  O'O  ....  0’8  ....  0 

Silica 0*75  ....  0*0  ....  0-0  ....  O’O  ....  0 

Oxide  of  colnmbiiim  0‘00  ....  0 0 ....  0*0  ....  2‘4  ....  0 


100-00  100-0  100-0  98-2  100 

Protochloride  of  Tin.  SnCl.  Anhydrous  protochloride  of  tin  is 
obtained  by  subjecting  a mixture  of  equal  weights  of  calomel  and  of  an 
amalgam  of  tin  and  mercury  to  distillation,  in  a retort  gradually  raised  to 
a dull-red  heat;  or  a mixture  of  1 part  of  tin  filings  and  2 of  corrosive 
sublimate  may  be  treated  in  the  same  way.  When  hydrochloric  acid  gas 
is  passed  over  heated  tin  in  a glass  tube,  the  protochloride  is  also  formed, 
and  hydrogen  gas  is  given  off.  When  tin  is  dissolved  in  hydrochloric 
acid,  the  solution  evaporated,  and  the  dry  residue  carefully  heated  to 
incipient  redness  in  a small  tube  retort  so  as  to  exclude  the  action  of  air, 
the  protochloride  of  tin  remains  nearly  pure.  It  is  in  the  form  of  a grey 
solid,  of  a resinous  lustre,  fusible  and  volatile  at  a high  heat.  {Butter  of 
Tin.)  When  its  solution  in  a small  quantity  of  water  is  evaporated,  it 
yields  either  acicular  or  prismatic  crystals,  which  include  3 atoms  of 
-water,  and  of  which  the  greater  part  may  be  expelled  at  212°.  When 
a large  quantity  of  water  is  poured  upon  these  crystals  they  are  partly 
decomposed,  hydrochloric  acid  is  separated,  and  a white  powder  is  formed, 
which  is  an  oxichloride  of  tin,  its  components  being  1 atom  of  protoxide, 
1 of  protochloride,  and  2 of  water.  (Berzelius.)  The  protochloride  of 
tin,  or  salt  of  tin  of  commerce,  is  made  by  putting  1 part  of  granulated  tin 
into  a jar  or  deep  basin  upon  a sand-heat,  and  pouring  upon  it  1 part 
of  hydrochloric  acid,  so  that  it  may  be  exposed  to  the  joint  action  of  the 
acid  and  air;  after  some  hours  3 parts  more  of  the  acid  are  added,  and 
the  mixture  stirred  and  digested  till  a saturated  solution  is  obtained. 
During  the  process,  a very  fetid  hydrogen  gas  is  given  off,  and  the 
greater  part  of  the  tin  is  dissolved;  when  the  clear  liquor  is  poured  off  it 
is  set  aside  to  crystallize;  the  mother-liquors  are  again  evaporated  as  long 
as  they  afford  crystals,  and  the  residue  is  afterwards  employed  for  conver- 
sion into  bichloride. 

In  consequence  of  the  decomposition  above  mentioned,  the  aqueous 
solution  of  protochloride  of  tin  is  always  turbid,  but  becomes  clear  on  the 
addition  of  hydrochloric  acid.  This  acid  solution  quickly  absorbs  oxygen, 
and  if  added  to  certain  metallic  solutions,  revives  or  deoxidizes  them. 
It  decomposes  and  precipitates  sulphur  from  sulphurous  acid.  It  reduces 
the  persalts  of  iron  to  protosalts,  and  converts  arsenic  acid  into  arsenious 
acid,  and  chromic  acid  into  oxide  of  chromium.  With  a very  weak  solu- 
tion of  corrosive  sublimate  it  forms  a grey  precipitate  of  metallic  mercury. 
Added  to  a dilute  solution  of  chloride  of  platinum  it  changes  its  color 
to  a deep  blood-red.  With  solution  of  gold  it  produces  a purple  precipi- 
tate used  in  painting  porcelain,  and  known  under  the  name  of  Purple  of 
Cassius.  With  infusion  of  cochineal  it  produces  a purple  precipitate;  and 
it  is  much  used  to  fix  and  change  colors  in  the  art  of  dyeing  and  calico- 
printing.  The  greater  number  of  vegetable  infusions  are  precipitated  by 
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it,  ill  consequence  of  tlie  insoluble  compounds  which  it  forms  with  the 
varieties  of  extractive  matter.  (On  the  preparation  of  this  salt  see  Be- 
RARD,  Ann.  de  Chirn.^  Lxviii.  78;  and  Chaudet,  Ann.  Ch.  el  Ph.,  iii.  276.) 
Protochloride  of  tin  consists  of 


J.  Davy, 

Tin  1 ....  59  ....  62-1  ....  62-22 

Chlorine  1 ....  36  ....  37-9  ....  37*78 


Protochloride  of  tin 1 95  100-0  ‘ 100-00 


Ammonio-Protochloride  of  Tin.  2 atoms  of  heated  protochloride 
of  tin  absorb  1 of  ammonia.^  (Persoz.)  A protochloride  of  tin  and  am- 
monia sublimes  in  octohedral  crystals  when  a mixture  of  tin  filings  and 
sal-ammoniac  is  heated,  hydrogen  and  ammonia  being  at  the  same  time 
evolved.  Their  formula  is  NH4  Cl,SnCl:  their  aqueous  solution  becomes 
turbid  when  boiled.  (Apjohn.)  Poggiale  obtained  a salt  in  permanent 
fascicular  needles  = 2NPI4  CI,SnCl -i-5HO.  He  has  also  described  a 
corresponding  potassium  salt  = 2KCl,SnCl -1-3HO,  in  long  needles;  a 
prismatic  barium  salt  — BaCljSnCl  + 4HO ; and  an  acicular  strontium 
salt  :=  SrCl,SnCH-4HO. 

Perchloride  of  Tin.  SnCl2.  If  tin  be  heated  in  excess  of  chlorine, 
or  if  amalgam  of  tin  be  distilled  with  excess  of  corrosive  sublimate,  a 
perchloi'ide  is  obtained.  The  best  proportions  are  6 parts  of  tin  previously 
combined  with  1 of  mercury,  and  intimately  mixed  with  30  of  corrosive 
sublimate.  The  mixture  is  put  into  a glass  retort  with  a sufficiently 
capacious  receiver  luted  to  it,  and  may  be  distilled  over  a small  charcoal 
fire  : the  heat  should  be  slowly  raised,  to  prevent  too  sudden  action : 
towards  the  end  of  the  process  a little  of  the  protochloride  rises.  Per- 
chloride of  tin  may  also  be  procured  by  passing  chlorine  over  the  proto- 
chloride of  tin,  or  by  distilling  a mixture  of  chloride  of  sodium  and  per- 
sulphate of  tin : 2NaCl-b  [Sn02,2S03]]  2 [NaO,S03]  + SriCl2.  It 

is  a transparent  colorless  fluid,  formerly  called  Libavins’s  Fuming  Liquor; 
it  exhales  copious  fumes  when  exposed  to  moist  air,  and  wdth  one-third 
its  weight  of  water  it  forms  a crystallized  hydrate  (==:SnCl,5HO.  Lewy.) 
It  does  not  congeal  at  — 20°.  Its  boiling-point  is  250°;  and,  according 
to  Dumas,  the  density  of  its  vapor  is  9*19.  {Ann.  Ch.  et  Ph.^  xxxiii.  285.) 
It  is  instantly  decomposed  by  metallic  zinc,  forming  chloride  of  zinc  and 
a precipitate  of  metallic  tin. 

A solution  of  perchloride  of  tin  much  used  by  dyers  is  made  by  dis- 
solving tin  in  a mixture  of  2 measures  of  hydrochloric  acid,  I of  nitric 
acid,  and  1 of  w^ater;  or  by  exposing  the  protochloride  to  a gentle  heat 
with  a small  addition  of  nitric  acid.  The  dyers  also  prepare  this  solution 
by  digesting  tin  filings  in  single  aquafortis,  (nitric  acid,  sp.  gr.H*3,)  to 
each  pound  of  which  they  add  about  2 ounces  of  common  salt  or  of  sal- 
ammoniac:  this  compound  acid  takes  up  about  one- eighth  its  weight  of 
tin.  These  solutions  are  generally  known  under  the  names  of  niiromu- 
riale  or  oxymuriaie  of  tin. 

Bichloride  of  tin  consists  of 


Berzelius. 

Tin  1 ....  59  ....  45-04  ....  42-1  ....  45-57 

Chlorine  2 ....  72  ....  54-96  ....  57*9  ....  54-43 


Bichloride  of  tin 1 131  100*00  100-0  100-00 
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Ammonio-bichloride  op  Tin.  NH3,SnCl2.  Ammonia  is  absorbed  by 
anhydrous  bichloride  of  tin;  the  compound  forms  a white  powder,  which 
may  be  sublimed  without  decomposition,  and  is  soluble  in  water.  Per- 
chloride  of  tin  and  hydrochlorate  of  ammonia  also  combine  in  single 
atomic  proportions  and  form  a salt  which  crystallizes  in  octohedra,  per- 
manent in  the  air,  and  very  soluble  in  water;  its  solution  reddens  litmus 
and  becomes  turbid  when  boiled  with  excess  of  water  from  the  formation 
of  stannic  hydrate;  its  concentrated  solution  (in  3 parts  of  water  at  58°,) 
may  be  boiled  without  change;  it  converts  the  red  of  cochineal  to  a bright 
scarlet.  The  formula  of  this  salt  is  tIN4  CI,SnCl2. 

PoTASSio- BICHLORIDE  OF  TiN.  KC],SiiCl2.  When  solutions  of  chlo- 
ride of  potassium  and  bichloride  of  tin  are  mixed  in  single  atomic  propor- 
tions and  evaporated,  anhydrous  octohedral  crystals  are  obtained.  (Jac- 
QUELAiN,  Ann.  Ch.  et  Fh.^  Lvi.  130.) 

SoDio-BiciiLORiDE  OP  TiN  may  be  prepared  as  the  potash  salt;  it  is 
very  soluble  and  difficultly  crystallizable.  According  to  Bolley  it  contains 

1 atom  of  bichloride  of  tin  and  2 of  chloride  of  sodium;  but  Lewy  repre- 
sents it  by  the  formula  NaCl,SnCl2 + 5HO,  and  assigns  the  same  quan- 
tity of  water  to  the  crystallized  stanno-chloride  of  barium,  strontium,  cal- 
cium, and  magnesium.  {Ann.  Ch.  et  Ph.^  March,  1846.) 

Chlorate  of  Tin.  Recently  precipitated  hydrated  protoxide  of  tin 
dissolves  in  aqueous  chloric  acid:  the  solution  decomposes  with  detona- 
tions and  elevation  of  temperature  into  hydrated  oxide  and  perchloride  of 
tin,  and  free  chloric  acid.  (Waeciiter.) 

Protiodide  of  Tin.  SnI.  When  equivalent  proportions  of  solutions 
of  iodide  of  potassium  and  protochloride  of  tin  are  mixed,  a crystalline 
deposit  of  protiodide  of  tin  ensues,  of  an  orange-red  color,  and  sparingly 
soluble  in  cold  water.  AVhen  dissolved  in  boiling  water,  it  is  deposited 
on  cooling  in  brilliant  acicular  groups.  Exposed  to  air,  this  compound 
slightly  deliquesces  and  forms  peroxide  of  tin  and  hydriodic  acid.  It 
forms  double  salts  with  certain  basic  iodides,  and  in  thus  combiniup; 
with  the  iodides  of  potassium,  sodium,  calcium,  barium,  and  strontium, 

2 atoms  of  the  protiodide  of  tin  unite  to  I of  the  basic  iodide:  but 
with  hjdriodate  of  ammonia  it  combines  in  single  atomic  proportions, 
(Boullay,  A?in.  Ch.  et  Fh.^  xxxiv.  372.)  The  protiodide  of  tin  is  com- 


posed of 

Boullay. 

Till  1 ....  59  ....  31-89  ....  32  01 

Iodine  1 ....  12G  ....  G8-21  ....  G7‘99 


Protiodide  of  tin ....  1 185  lOO'OO  lOO’OO 

Periodide  of  Tin,  Snl2,  is  prepared  by  dissolving  in  hydriodic  acid 
the  hydrate  of  the  peroxide  precipitated  by  alkalis  from  the  bichloride. 
It  crystallizes  in  yellow  crystals  of  a silky  lustre,  which  are  resolved  by 
boiling  water  into  hydriodic  acid  and  peroxide  of  tin.  (Turner.) 

Periodide  of  tin  is  also  formed  by  passing  the  vapor  of  iodine  over- 
heated tin:  it  then  forms  a yellow  fusible  substance.  When  iodine,  tin 
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filings,  and  water  are  mixed  togetlier,  peroxide  of  tin  and  liydriodic  acid 
are  formed.  Periodide  of  tin  consists  of 


Tin  1 ....  59  ....  18  97 

Iodine  2 ....  252  ....  81-08 


Periodide  of  tin  1 311  100-00 

loDATES  OF  Tin.  Iodic  acid  and  iodate  of  potassa  give  white  precN 
pitates  in  aqueous  solutions  of  protochloride  and  perchloride  of  tin. 
(Pleisciil.)  When  solution  of  protochloride  of  tin  is  dropped  into  iodate 
of  soda  a white  protiodate  of  tin  falls,  which,  however,  in  a few  minutes 
becomes  discolored  from  evolution  of  iodine  and  formation  of  perchloride: 
if,  on  the  other  hand,  solution  of  iodate  of  soda  be  dropped  into  protochlo- 
ride of  tin,  the  white  precipitate  presently  redissolves,  forming  a yellow 
solution,  and  with  more  of  the  iodate  iodine  is  set  free.  (Rammelsberg.^ 

Protobromide  of  Tin,  SnBr,  is  formed  by  heating  tin  in  hydrohromic 
acid  gas,  or  with  protohromide  of  mercury.  It  resembles  the  protochlo- 
ride  of  tin. 


Perbromide  of  Tin.  Sn,  Br2.  Metallic  tin  and  bromine  act  ener- 
getically on  each  other:  the  metal  burns,  and  a white  crystallized  com- 
pound is  obtained,  readily  fusible  and  volatile,  yielding  slight  vapors  in 
moist  air,  and  dissolving  in  water. 


Bromates  of  Tin.  Bromate  of  potassa  gives  a yellowish  white  pre- 
cipitate in  solution  of  protochloride  of  tin.  Hydrated  peroxide  of  tin  is 
almost  insoluble  in  aqueous  bromic  acid.  (Rammelsberg.) 


Fluorides  of  Tin.  The  solution  of  protoxide  of  tin  in  aqueous 
hydrofluoric  acid,  evaporated  out  of  contact  of  air,  yields  small  white 
brilliant  crystals.  Peroxide  of  tin  dissolves  in  the  acid,  but  deposits  a 
basic  salt  when  the  solution  is  evaporated.  The  solution,  when  heated, 
coagulates  like  albumen.  (Berzelius.) 


Protonitrate  of  Tin;  SnO, N05;  may  he  formed  by  acting  upon  the 
metal  by  dilute  nitric  acid,  or  by  dissolving  the  hydrated  protoxide  in 
dilute  nitric  acid;  a yellow  solution,  which  will  not  crystallize,  is  obtained; 
exposed  to  air,  it  absorbs  oxygen,  and  peroxide  of  tin  precipitates,  or, 
according  to  Dumas,  a hydrate  of  the  protoxide.  If  evaporated,  the  oxide 
falls,  and  a portion  of  nitrate  of  ammonia  remains.  During  the  action  of 
the  dilute  acid  upon  the  tin  no  gas  is  evolved;  it  is  therefore  evident  that 
water,  as  well  as  part  of  the  acid,  are  in  this  case  decomposed ; the  results 
may  be  thus  represented: 


r 


Atoms  employed. 


■N 


8 Tin  

10  Nitric  acid  .... 
3 Water 


r 8 tin  

I 10  nitrogen  .... 

1 53  oxygen 

^ 3 hydrogen  .... 


Atoms  obtained. 


r 8 nitrate  of  pro-  ] 
toxide  of  tin  j' 


1 nitrate  of  am- 
monia 


8 tin 

8 nitrogen 
48  oxygen 

2 nitrogen 
5 oxygen 

3 hydrogen 


By  dissolving  hydrated  protoxide  of  tin  in  the  dilute  acid,  a protoni- 
trate, free  from  ammonia,  may  he  obtained. 
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Pernitrate  of  Tin.  The  recently  precipitated  hydrated  peroxide  of 
tin  dissolves  in  nitric  acid,  and  forms  a colorless  solution,  which  if  strong 
acid  be  used,  will  yield  crystals.  When  diluted  or  heated,  the  solution 
becomes  turbid;  the  addition  of  nitrate  of  ammonia  renders  this  salt  more 
stable,  and  probably  forms  with  it  a double  salt.  When  strong  nitric  acid 
is  made  to  act  upon  tin,  as  in  the  process  above-mentioned  for  the  pro- 
duction of  the  peroxide,  none  of  the  metal  is  retained  in  solution,  and  on 
evaporation  nitrate  of  ammonia  only  remains. 

Protosulphuret  of  Tin.  SnS.  This  compound  may  be  procured 
by  heating  tin  with  sulphur ; in  consequence,  however,  of  the  high  tem- 
perature required  for  its  formation,  so  much  of  the  sulphur  is  generally 
lost,  that  a mixture  of  the  metal  and  of  the  sulphuret  is  only  at  first 
obtained.  This  mixture  may  be  pulverized,  and  heated  in  a retort  with 
its  weight  of  sulphur,  in  which  case  the  perfect  protosulphuret  is  the 
result.  A hydrated  protosulphuret  of  tin  is  precipitated  when  the 
salts  of  the  protoxide  are  mixed  with  solution  of  sulphuretted  hydrogen, 
or  with  an  alkaline  protosulphuret : it  is  of  a brownish-black  color,  and 
loses  water  when  heated.  Obtained  by  the  first  process,  sulphuret  of  tin 
is  a brittle  blackish  compound  of  a laminated  texture,  sp.  gr.  about  5'0, 
fusible  at  a red-heat,  and  occasionally  forming  acicular  crystals ; it  dis- 
solves in  hydrochloric  acid  with  the  evolution  of  sulphuretted  hydrogen. 
By  the  action  of  chlorine  even  at  common  temperatures,  it  is  resolved 
into  liquid  bichloride  of  tin,  and  a crystalline  compound  of  the  bichlo- 
rides of  tin  and  sulphur.  2SnS,  + 8Cl=SnCl2,  + SnCl2,2SCl2.  (H.  Rose.) 


It  consists  of 

J.  Davy.  Bergman. 

Tin  1 ....  59  ....  78-66  ....  78-6  ....  80 

Sulphur  1 ....  16  ....  2r34  ....  2T4  ....  20 


Protosulphuret  of  tin  1 75  lOO’OO  100*0  100 

Sesquisulphuret  of  Tin.  Sn2S3.  Berzelius  obtained  this  com- 
pound by  heating  the  finely -powdered  protosulphuret  with  one-third  its 
weight’of  sulphur  to  dull-redness  : it  is  of  a yellowish-grey  color,  metallic 
lustre,  and  when  digested  in  hydrochloric  acid  gives  out  sulphuretted 
hydrogen,  and  leaves  a yellow  residue  of  bisulphuret.  Gmelin  regards 
this  as  a mixture  of  the  protosulphuret  and  persulphuret.  According  to 
Berzelius  it  contains 


Berzelius. 

Tin  2 ....  118  ....  71-08  ....  71 

Sulphur 3 ....  48  ....  28*92  ....  29 


Sesquisulphuret  of  tin 1 166  100*00  100 

Bisulphuret  of  Tin.  SnS2.  A mixture  of  4 parts  of  tin  filings, 
3 of  sulphur,  and  2 of  sal-ammoniac,  carefully  heated  in  a covered  cru- 
cible, yield  bisulphuret  of  tin ; sal-ammoniac,  hydrosulphuret  of  ammonia, 
sulphuretted  hydrogen,  and  sulphur,  are  evolved  during  the  process.  A 
mixture  of  10  parts  of  protosulphuret  of  tin,  3 of  sal-ammoniac,  and  5 of 
sulphur,  yields  the  same  results.  In  these  operations  the  sal-ammoniac  is 
said  to  be  indispensable,  but  according  to  Proust  (^Nicholson  s Journal^ 
xiv.  39),  when  heat  is  gradually  applied  to  a mixture  of  flowers  of 
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sulphur  and  protochloride  of  tin,  “ volatile  fuming  muriate  'will  pass  over 
in  considerable  quantity,  the  excess  of  sulphur  will  fix  about  the  neck  of 
the  retort,  and  at  the  bottom  will  appear  a light  mass  of  brilliant  mosaic 
gold,  and  part  spangle  the  dome  of  the  vessel  with  gold-colored  flowers.” 
Woulfe  has  given  several  formulm  for  the  production  of  this  sulphuret 
{Phil.  Trans..,  177^);  but  the  following,  taken  from  the  London  Nefv 
Dispensatory  of  1765,  answers  best : — Take  12  oz.  of  tin  and  amalga- 
mate it  with  6 oz.  of  mercury,  reduce  it  to  powder,  and  mix  it  with  7 oz. 
of  flowers  of  sulphur  and  6 oz.  of  sal-ammoniac,  and  put  the  whole  into 
a glass  matrass  placed  in  a sand  heat.  Apply  a gentle  heat  till  the 
white  fumes  abate,  then  raise  the  heat  to  redness,  and  keep  it  so  for  a 
due  time.  On  cooling  and  breaking  the  matrass,  the  bisulphuret  of  tin 
is  found  at  the  bottom.  (See  Woulfe’s  paper  above  quoted  in  the 
Philosophical  Trans  actions  and  the  article  Tin  in  Aikin’s  Chemical 
Dictionary .)  According  to  Berzelius,  the  use  of  the  mercury  in  these 
operations  is  to  facilitate  the  fusion  of  the  tin  and  its  combination  with 
the  sulphur,  while  the  sal-ammoniac  prevents  such  increase  of  tempe- 
rature as  would  reduce  the  tin  to  the  state  of  protosulphuret. 

A hydrated  bisulphuret  of  tin  is  formed  by  decomposing  a solution  of 
perchloride  of  tin  by  sulphuretted  hydrogen,  avoiding  the  presence  of 
excess  of  acid.  The  precipitate  is  pale  yellow ; it  becomes  of  a dingy 
yellow  when  dried,  and  has  a vitreous  fracture. 

The  extraordinary  golden  lustre  of  the  bisulphuret  of  tin  and  its  flaky 
texture  rendered  it  an  object  of  great  interest  to  the  alchemists  : it  was 
termed  aurum  musimim.,  and  mosaic  gold.  When  well  made  it  is  in  very 
soft  golden  flakes,  very  friable  and  adhering  to  the  fingers,  sp.  gr.  4'4  to 
4 ’6.  It  is  insoluble  in  the  acids,  except  in  nitrohydrochloric  acid ; it  is 
soluble  in  caustic  potassa,  but  not  without  partial  decomposition.  It 
dissolves  in  sulphuret  of  sodium,  and  the  concentrated  solution  yields 
crystals  of  a hydrated  double  sulphuret,  the  formula  of  which  is  2NaS  -j- 
SnS2-l-  I2IIO.  It  is  much  used  for  ornamental  work,  under  the  name  of 
hronze-p>oivder.,  especially  by  the  manufacturers  of  paper-hangings : it  is 
chiefly  imported  from  Holland  and  Germany.  It  consists  of 

J.  Davy.  Berzelius. 

Tin  1 ....  59  ....  04-84  ....  03-6  ....  05 

Sulphur  2 ....  32  ....  35-10  ....  30-4  ....  35 

Bisulphuret  of  tin  ....  1 91  100-00  100-0  100 

Tin  pyrites  is  a rare  mineral  composed  of  the  disulphurets  of  copper 
and  iron  with  bisulphureFof  tin,  2 [Fe2,S]  SnS2  -f  2 [Cu2,S]  SnS2.  There 
are  other  analogous  compounds  in  which  basic  sulphurets  are  combined 
with  bisulphuret  of  tin. 

Hyposulphites  of  Tin.  Tin  decomposes  an  aqueous  solution  of 
sulphurous  acid ; sulphur  is  evolved,  which  forms  sulphuret  of  tin  : the 
oxide  of  tin  formed,  together  with  another  portion  of  the  sulphur  and  a 
certain  quantity  of  sulphurous  acid,  unite  and  form  a soluble  hyposul- 
phite (sulphuretted  sulphite)  w^hich  is  retained  in  solution.  (Fourcroy.) 

Sulphites  of  Tin.  A protosulphite  is  formed  by  digesting  the  prot- 
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oxide  in  sulphurous  acid,  or  by  precipitating  protochloride  of  tin  by 
sulphite  of  ammonia : boiling  water  decomposes  this  salt,  and  abstracting 
the  acid,  leaves  protoxide  of  tin.  (Bertiiier.) 

Sulphates  op  Tin.  When  excess  of  tin  is  boiled  In  sulphuric  acid, 
a solution  is  obtained  which  deposits  white  acicular  crystals  of  protosiil- 
2^hate  of  iin.  In  this  process  sulphurous  acid  is  evolved,  and  some  sul- 
phur generally  set  free,  arising  out  of  the  simultaneous  decomposition  of 
the  water  and  the  acid ; the  nascent  hydrogen  and  the  sulphuric  acid 
react  on  each  other,  reproduce  water,  and  deposit  sulphur.  Protosul- 
phate of  tin  is  also  precipitated  by  pouring  sulphuric  acid  into  proto- 
chloride of  tin. 

When  tin  is  boiled  in  excess  of  sulphuric  acid,  or  when  recently  pre- 
cipitated peroxide  of  tin  is  dissolved  in  the  acid,  a persulphate  of  tin  is 
formed,  which,  however,  cannot  he  brought  to  crystallize.  Dumas  ob- 
serves, that  these  sulphates  of  tin  probably  form  double  salts  with  the 
alkaline  sulphates. 

Bancroft's  tin  mordant  is  made  by  pouring  3 parts  of  hydrochloric 
acid  upon  2 of  tin  filings,  and  after  an  hour  carefully  adding  I *5  parts  of 
oil  of  vitriol;  the  tin  dissolves,  and  the  mixture  is  kept  upon  the  sand 
heat  as  long  as  hydrogen  is  evolved ; when  cold,  the  residue  is  dissolved 
in  water,  j^oured  off  from  the  undissolved  tin,  and  so  diluted  that  8 parts 
of  the  solution  may  contain  I of  tin. 

PiiosPHURET  OF  TiN  may  be  formed  by  dropping  phosphorus  into 
melted  tin,  or  by  heating  to  redness  equal  parts  of  tin  filings  and  super- 
phosphate of  lime,  or  phosphate  of  ammonia.  It  is  of  a silvery  color, 
sectile,  and  somewhat  ductile.  When  its  filings  are  sprinkled  upon  hot 
coals  the  phosphorus  burns.  Phosphuret  of  tin  contains,  according  to 
Pelletier,  14  per  cent,  of  phosphorus. 

Phosphites  of  Tin.  A protophosphite  is  produced,  according  to 
Pose,  by  mixing  protochloride  of  tin  with  protochloride  of  phosphorus 
saturated  by  ammonia,  {^Ann.  Ch.  et  Ph.,  xxxv.  218,)  or  by  precipita- 
ting the  solution  of  the  protochloride  by  phosphite  of  ammonia : it  falls 
as  a white  powder;  its  solution  in  hydrochloric  acid  reduces  many  of 
the  metals:  its  formula  is  2Sn0,P03,H0.  The  solution  of  bichloride 
of  tin  gives  a w'hite  precipitate  with  phosphite  of  ammonia=2SnO,P03. 
(II.  Pose.) 

Phosphates  of  Tin.  A prolophosphate  is  formed  by  adding  solution 
of  phosphate  of  soda  to  the  protochloride.  It  is  a white  powder,  not 
soluble  in  water,  and  fuses  at  a red-heat  into  an  opaque  white  enamel. 
The  perphosphate  of  tin  may  also  be  formed  by  double  decomposition : it 
resembles  the  protophosphate. 

Carbonate  of  Tin.  AVhen  carbonate  of  potassa  is  added  to  pro- 
tochloride of  tin,  a white  precipitate  ensues,  which,  when  washed  and 
dried,  loses  carbonic  acid,  so  that  no  permanent  carbonate  appears  to 
exist. 

P»ORATE  OF  Tin  is  an  insoluble  white  powxler. 
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Ferrocyanide  of  Tin.  Ferrocyanide  of  potassium  produces  a white 
precipitate  in  solution  of  protochloride  of  tin. 

Alloys  of  Tin.  AVitli  potassium  and  with  sodium  tin  forms  brilliant 
white  alloys  less  fusible  than  tin.  The  potassium  alloy  may  be  formed 
by  heating  the  metals  together  till  they  combine:  it  is  brittle,  granular, 
fusible  at  a red-heat,  oxidizes  by  exposure  to  air,  and  decomposes  water 
rapidly  if  acidulated.  This  alloy  may  also  be  formed  by  heating  a mix- 
ture of  100  parts  of  oxide  of  tin,  60  of  calcined  tartar,  and  8 of  lamp 
black.  (Serullas.)  With  sodium  tin  combines  at  a dull  red-heat:  the 
alloy  is  brittle,  and  slowly  oxidizes  by  exposure  to  air:  it  acts  slowly 
upon  water,  unless  an  acid  be  present.  The  compounds  of  tin  with  the 
other  light  metals  have  not  been  examined,  neither  has  that  which  it 
probably  forms  with  manganese.  With  iron  it  forms  combinations  which 
are  white,  and  more  or  less  fusible  according  to  the  proportion  of  iron 
which  they  contain.  These  metals  admit  to  a certain  extent  of  separa- 
tion by  liquation;  that  is,  when  the  alloys  are  heated  up  to  a tempera- 
ture short  of  their  fusion  the  tin  runs  off,  leaving  a less  fusible  alloy,  in 
which  iron  always  predominates.  Bergman  observed  that,  on  fusing 
tin  and  iron  these  metals  had  a tendency  to  form  two  definite  alloys; 
the  one  containing  2 of  tin  and  1 of  iron,  the  other  2 of  iron  and  1 of 
tin.  Lassaigne  has  described  an  alloy  of  tin  and  iron SnFeS,  formed  in 
an  iron  retort  long  used  for  distilling  off  the  mercury  from  an  amalgam 
of  tin  : when  freed  from  adhering  tin,  it  formed  brilliant  acicular 
prisms,  sp,  gr.  8*73,  brittle,  and  fusible  at  a high  red-heat ; its  powder 
burned  Avith  sparks  and  smoke  in  the  flame  of  a candle ; it  did  not  rust 
in  moist  air,  and  Avas  not  acted  upon  by  nitric  acid  (?),  but  sloAvly  soluble 
in  hydrochloric  acid,  and  rapidly  in  nitrohydrochloric  acid.  It  con- 


sisted of 

Lassaigne. 

Tin  1 ....  59  ....  41-26  ....  42-1 

Iron 3 ....  84  ....  58-74  ....  57  9 


1 143  100-00  100  0 

Tin  plate  is  a most  useful  alloy  of  tin  and  iron,  in  Avhich  iron  plate 
is  superficially  alloyed  Avith  tin,  and  to  the  surface  of  which  a quantity 
of  tin  further  adheres,  Avithout  being  in  combination.  It  is  made  by 
dipping  the  cleansed  iron  plates  into  a bath  of  melted  tin  ; the  process  is 
described  at  length  by  Parkes.  {^Chemical  Essays.')  An  alloy,  com- 
posed of  6 parts  of  tin  and  I of  iron,  made  by  fusing  tin  Avith  iron  turn- 
! ings,  is  sometimes  used  as  a substitute  for  pure  tin  in  tinning  copper 

' vessels;  its  specific  gravity  is  7‘247 ; it  is  brittle  Avhen  hot,  but  some- 

j Avhat  malleable  Avhen  cold  ; it  fuses  at  a red-heat.  The  objection  to  these 
I combinations  generally  is,  that  in  consequence  of  the  electrical  relations 
of  the  two  metals,  the  iron,  if  anyAvhere  exposed,  has  an  increased  ten- 
dency to  rust  and  oxidizement.  This  is  especially  the  case  Avith  tin 

plate ; for  although  the  surface  of  the  tin  itself  is  sufficiently  durable,  no 
sooner  is  any  portion  so  abraded  as  to  denude  the  iron,  than  a spot  of 
I rust  appears  and  rapidly  extends  : hence  the  superiority  of  iron  plate 
covered  by  zinc  instead  of  tin,  zinc  being  electro-positive,  whereas  tin  is 
electro-negative  in  regard  to  iron,  under  the  influence  of  common 
j<  oxidizing  agents.  (See  p.  195,  and  note.) 

VoL.  11.  3 F 
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Moire  melalUque  is  tin  plate  wlilch  has  been  superficially  acted  on 
by  an  acid  so  as  to  display  by  reflected  light  the  crystalline  texture  of  the 
tin ; the  tin  plate  best  suited  for  the  purpose  is  that  which  has  rather  a 
thick  coating  of  pure  tin.  It  should  first  he  Avell  cleansed  by  washing 
its  surface  with  a little  caustic  potasli,  then  in  water,  and  drying  it.  The 
acid  employed  is  always  some  modification  of  the  nitrohydrochloric  more 
or  less  diluted  ; 8 parts  of  water,  2 of  nitric,  and  3 of  hydrochloric  acid 
generally  answers  well.  The  plate  should  be  slightly  heated,  and  then 
quickly  sponged  over  with  the  acid,  so  as  to  bring  out  the  moire ; it 
should  then  immediately  he  dipped  into  water,  well  washed  and  perfectly 
dried;  if  the  acid  has  blackened  or  oxidized  the  surface,  a solution  of 
caustic  potash  Avill  generally  clean  it.  The  crystals  on  the  unprepared 
tin  plate  are  usually  large  and  indistinct,  so  that  its  texture  is  often  mo- 
dified expressly  for  the  purpose,  by  heating  it  up  to  the  point  of  the 
fusion  of  the  tin,  powdering  it  over  with  sal-ammoniac  to  remove  the 
oxide,  and  then  plunging  it  into  cold  water ; in  this  way  the  crystals  are 
generally  small.  By  sprinkling  the  surface  of  the  heated  plate  with 
water,  or  by  only  partially  fusing  the  tin  by  holding  the  plate  over  the 
flame  of  a spirit-lamp,  or  running  a blow-pipe  flame  over  it,  various  modi- 
fications of  the  crystalline  surface  may  he  obtained,  or  different  devices 
sketched  as  it  were  upon  it.  The  plates  are  generally  finished  by  a coat- 
ing of  transparent  or  colored  varnish. 

Tin  and  zmc  form  a hard  alloy,  stronger  than  tin,  and  not  brittle. 
An  alloy  of  equal  parts  of  zinc  and  tin  resists  friction,  and  is  almost  as 
tenacious  as  brass.  (Koechlin.) 

The  turning  of  pins  is  effected  by  boiling  them  for  a few  minutes 
in  a solution  of  1 part  of  bitartrate  of  potassa,  2 of  alum,  and  2 of 
common  salt,  in  10  or  12  of  water,  to  wFich  some  tin  filings  or  finely 
granulated  tin  are  added ; they  soon  become  coated  with  a brilliant  and 
adhesive  film  of  tin,  and  are  then  taken  out,  cleaned,  and  dried.  The 
pins  are  made  of  brass  wire,  and  require  to  be  perfectly  clean  before  they 
are  put  into  the  tinning  liquor.  (See  the  experiments  of  Gadolin  and 
Gedda  upon  the  precipitation  of  tin  by  copper.  Jour,  de  Phys.^  xxxiv, 
362  and  430.) 

Tin  medals,  or  casts  in  tin,  are  bronzed  by  being  first  well  cleaned, 
wiped,  and  washed  over  with  a solution  of  1 part  of  protosulphate  of 
iron,  and  1 of  sulphate  of  copper,  in  20  of  water;  this  gives  a grey  tint 
to  the  surface  ; they  are  then  brushed  over  with  a solution  of  4 parts  of 
verdigris  in  11  of  distilled  vinegar;  left  for  an  hour  to  dry;  and  polished 
with  a soft  brush  and  colcothar. 

Characters  of  the  Salts  op  Tin.  The  salts  of  the  protoxide  have  a 
highly  astringent  and  disagreeable  taste,  and  are  mostly  colorless;  they 
are  precipitated  white  by  ferrocyanide  of  potassium ; brown  or  nearly 
black  by  hydrosulphurets  of  the  alkalis ; white  by  caustic  soda  and 
potassa,  and  excess  of  alkali  redissolves  the  precipitate.  With  ammonia 
and  carbonates  of  potassa  and  soda  the  precipitate  is  white,  and  insoluble 
in  excess  of  the  precipitant.  They  reduce  the  persalts  of  many  metals  to 
the  state  of  protosalts;  such  as  the  persalts  of  copper,  iron,  and  mercury: 
with  dilute  solution  of  gold  they  give  a red  or  purple  precipitate.  Suc- 
cinates and  benzoates  of  the  alkalis  give  white,  and  tincture  of  galls 
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yellow,  precipitates.  Tlie  salts  of  the  peroxide  are  colorless,  and  do  not 
reduce  the  other  metallic  persalts ; heated  with  nitric  acid,  peroxide  of 
tin  is  generally  separated  : they  are  precipitated  white  by  ferrocyanide  of 
potassium,  and  dirty  yellow  by  the  hydrosiilphuretted  alkalis.  With 
soda  and  potassa  they  behave  as  the  protoxide  ; with  their  carbonates  and 
with  caustic  ammonia  hydrated  peroxide  of  tin  is  thrown  do^Yn,  slightly 
soluble  in  excess  of  those  precipitants. 

Protochloride  of  tin  is  decomposed  by  zinc  and  by  cadmium,  which 
quickly  and  entirelj"  precipitate  tin  in  a metallic  state.  Lead  immersed 
in  a solution  of  the  protochloride  of  tin  becomes  covered  with  spicular 
crystals  of  the  latter  metal,  which  prevent  further  action.  Pure  and 
anhydrous  perchloride  of  tin  is  not  decomposed  by  these  metals ; if  water 
be  present  it  is  acted  upon  as  the  protochloride.  The  alkaline  solution  of 
oxide  of  tin  is  reduced  by  zinc  and  cadmium,  and  less  perfectly  by  lead. 

In  quantitative  analysis  tin  is  almost  always  weighed  as  peroxide  : 
thus,  in  the  analysis  of  alloys  of  tin  they  should  be  boiled  in  moderately 
strong  nitric  acid,  the  liquid  evaporated  till  the  greater  part  of  the  acid  is 
expelled,  water  added,  and  the  insoluble  peroxide  of  tin  collected  upon  a 
filter,  washed,  carefully  ignited,  and  weighed.  When  tin  is  separated  as 
sulphuret  it  should  also  be  peroxidized  by  nitric  acid,  and  weighed  in  that 
state. 

The  analysis  of  native  oxide  of  tin  may  be  performed  as  follows  : 
(Parnell.)  Reduce  the  ore  to  fine  powder,  mix  it  with  6 parts  of 
caustic  potassa  or  soda,  heat  the  mixture  to  dull  redness  in  a covered 
silver  crucible  for  half  an  hour,  and  dissolve  the  resulting  mass  in  hydro- 
chloric acid  : evaporate  off  most  of  the  excess  of  acid,  dilute  the  remain- 
ing liquid  with  water,  and  precipitate  the  tin  as  sulphuret  b}^  sulphuretted 
hydrogen,  converting  it  afterwards  by  nitric  acid  into  peroxide.  The 
filtered  liquid  from  the  sulphuret  contains  protochloride  of  iron ; peroxi- 
dize  it  by  boiling  with  nitric  acid,  neutralise  with  ammonia,  and  precipi- 
tate peroxide  of  iron  by  a neutral  benzoate  or  succinate:  from  the  liquor 
filtered  from  this  last  precipitate,  manganese,  if  present,  may  be  thrown 
down  l)y  hydrosulphuret  of  ammonia. 

§ XII.  CADMIUM.  Cd.  56. 

Tins  metal  was  discovered  in  1817,  by  Professor  Stromeyer,  of  Gbt- 
tlno-en,  in  examinino;  into  the  cause  of  the  yellow  color  of  certain  oxides 
of  zinc,  which  had  been  erroneously  suspected  to  contain  arsenic;  he 
called  it  Cadmiiwi,  from  /caSixeLa,  a term  formerly  applied  both  to  cala- 
mine, and  to  the  substance  which  sublimes  from  the  furnace  during  the 
i manufacture  of  brass.  It  is  contained  in  certain  ores  of  zinc,  and  espe- 
i cially  ill  the  hlack  /( hr  on  s blende  of  Bohemia.  It  has  been  detected  by 
I Clarke  in  the  calamine  of  Derbyshire  and  Somersetshire,  and  in  the  zinc 
of  commerce  (Ann.  of  Phil..,  xv.  272,  and  New  Series,  iii.  12.8),  and 
Ilerapath  found  it  in  considerable  proportion  in  the  sublimate  which, 
in  the  process  for  obtaining  zinc,  rises  before  that  metal,  forming  what 
the  workmen  called  the  brown  blaze.  {Ann,  of  Phil..,  iii.  435.) 

Cadmium  may  be  procured  by  digesting  the  ore  in  diluted  hydro- 
chloric acid,  liy  which  a mixed  solution  of  chloride  of  zinc  and  cadmium 
is  obtained  : it  should  be  evaporated  to  dryness,  to  drive  off  excess  of 
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acid,  and  re-dissolved  in  water.  Immerse  a plate  of  iron  into  this  solution, 
to  separate  all  that  may  be  thus  precipitated,  and  afterwards  filter  the 
liquor  into  a platinum  capsule,  containing  a piece  of  zinc.  The  cad- 
mium will  coat  over  the  surface  of  the  capsule,  and  adhere  so  firmly  to  it, 
that  it  may  be  washed,  and  thus  freed  from  any  remaining  solution  of 
zinc.  Hydrochloric  acid  dissolves  the  precipitate  with  effervescence,  and 
from  this  solution  it  is  thrown  down  white  by  the  alkalis,  and  yellow  by 
sulphuretted  hydrogen.  (Wollaston.)  Oxide  of  cadmium  may  be 
reduced  to  the  metallic  state  by  mixing  it  with  charcoal,  and  applying  a 
red-heat  in  a tube  or  retort,  when  the  cadmium,  being  volatile  at  that 
temperature,  sublimes. 

Stromeyer  separates  cadmium  from  the  ores  containing  it,  by  digesting 
them  in  dilute  sulphuric  acid,  and  passing  sulphuretted  hydrogen  through 
the  acidulous  solution.  He  washes  the  precipitate  thus  formed,  dissolves 
it  in  hydrochloric  acid,  and  expels  the  excess  of  acid  by  evaporation.  Pie 
then  redissolves  the  residue  in  water,  precipitates  by  carbonate  of  am- 
monia, of  which  an  excess  is  added,  for  the  purpose  of  retaining  the 
oxides  of  zinc  and  copper  in  solution;  the  remaining  carbonate  of  cad- 
mium is  washed,  dried,  and  heated  with  lamp-black,  by  which  it  is  easily 
reduced. 

Cadmium,  in  its  physical  properties,  much  resembles  tin,  but  it  is 
rather  harder  and  more  tenacious : it  crackles  when  bent : its  sjDecific 
gravity  is  8*60,  and  somewhat  exceeds  8'69  after  hammering,  (9‘05 
Children).  It  fuses  at  a temperature  a little  above  that  required  by  tin, 
and  distils  over  at  a heat  somewhat  below  redness,  condensing  into  metal- 
lic globules : its  vapor  is  inodorous.  Air  scarcely  acts  upon  it  except 
when  heated,  when  it  forms  an  orange-colored  oxide,  not  volatile,  and 
easily  reducible.  Its  equivalent  is  56.  (55*8  Turner:  55'83  Graham: 

56  Gmelin.) 

Oxide  of  Cadmium.  CdO.  The  metal  slowly  dissolves  in  dilute 
sulphuric  or  hydrochloric  acid  with  the  evolution  of  hydrogen.  At  a 
high  temperature,  sufficient  to  raise  it  in  vapor,  it  decomposes  water,  as 
when  the  vapor  of  cadmium  and  steam  are  passed  together  through  a red- 
hot  tube.  (Regnault,  Ann.  Ch.  et  Ph.,  Lxii.  351.)  The  oxide  is  best 
obtained  by  dissolving  the  metal  in  dilute  nitric  acid,  and  precipitating  it  in 
the  state  of  carbonate,  which  is  then  washed,  dried,  and  ignited.  It  is 
of  a reddish-brown  or  orange  color,  (sp.  gr.  6*9  Karsten;8'18  Herapath): 
it  is  neither  volatile  nor  fusible  ; but  when  mixed  with  carbonaceous  mat- 
ter it  appears  volatile,  in  consequence  of  its  easy  reduction,  and  the  burn- 
ing off  of  the  separated  cadmium.  When  thrown  down  from  its  solutions 
by  alkalis,  it  forms  a white  hydrate^  which  absorbs  carbonic  acid  from  the 
atmosphere  and  is  soluble  in  excess  of  ammonia,  but  insoluble  in  potassa 
and  soda. 

Oxide  of  cadmium  consists  of 


stromeyer. 

Cadmium 1 ....  56  ....  87-5  ....  87-45 

Oxygen  1 ....  8 ....  12-5  ....  12-55 


Oxide  of  cadmium  ....  1 64  100  0 100-00 


Chloride  op  Cadmium.  CdCl,  is  formed  by  dissolving  the  hydrated 
oxide  in  hydrochloric  acid : on  evaporation  small  prismatic  crystals  are 
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obtained,  very  soluble  in  water,  and  efflorescent  in  a dry  atmosphere;  they 
readily  fuse,  and  losing  water  of  crystallization,  concrete  into  a transparent 
lamellar  crystalline  mass,  which  is  chloride  of  cadmium:  at  a very  high 
temperature  it  is  volatile,  and  condenses  in  the  form  of  a nacreous  subli- 
mate. It  consists  of 

Stromeyer. 

Cadmium 1 ....  56  ....  60‘9  ....  Cl'38 

Clilorine  1 ....  36  ....  39*1  ....  38-62 

Chloride  of  cadmium  1 92  100-0  lOO’OO 

Ammonto-chloride  of  Cadmium.  CdCl,NH3.  If  chloride  of  cad- 
mium be  treated  with  solution  of  ammonia  a white  powder  is  formed, 
which  disappears  on  the  application  of  heat,  and  a granular  crystalline 
powder  falls  out  of  the  solution  as  it  cools,  composed  as  above.  If  dry 
ammonia  be  passed  over  pulverised  anhydrous  chloride  of  cadmium  absorp- 
tion takes  place,  the  chloride  increases  in  bulk,  heat  is  evolved,  and  the 
resulting  compound  is  CdCl,3NH3.  By  exposure  to  air  this  white 
powffler  loses  2NH3,  and  becomes  the  former  compound.  (Croft,  Mem. 
Ch.  Soc..)  I.  104.)  When  chloride  of  cadmium  and  sal-ammoniac  are 
dissolved  together  in  single  atomic  equivalents,  the  concentrated  solution 
first  forms  acicular  crystals  containing  an  atom  of  water,  but  these  are 
gradually  replaced  by  anhydrous  rhomboids  NH4  Cl,CdCI. 

PoTASsio-CHLORiDE  OF  Cadmium.  CdCl,KCl,  is  obtained  by  dissolving 
the  respective  salts  in  atomic  proportions;  from  their  concentrated  solu- 
tion the  double  salt  separates  in  silky  needles,  w-hich  are  hydrated,  but 
W'hich  gradually  disappear,  and  anhydrous  rhombohedrons  are  subse- 
quently deposited.  100  of  wnter  at  (10°  dissolve  33*45  of  the  anhydrous 
salt;  it  is  also  soluble  in  alcohol.  (Croft.) 

SoDio-CHLORiDE  OF  Cadmium,  forms  verrucose  crystals  ==  CdCl,NaCl, 
3HO.  They  are  soluble  in  alcohol,  and  100  of  wmter  at  60°  dissolve 
71*32.  (Croft.) 

Chlorate  of  Cadmium,  obtained  by  decomposing  sulphate  of  cad- 
mium by  chlorate  of  barytn,  and  evaporating  over  sulphuric  acid,  gives 
deliquescent  prismatic  crystals,  = CdO, 0105,2110,  soluble  in  alcohol; 
they  melt  at  176°,  giving  off  water,  oxygen,  and  chlorine,  and  the  residue 
forms  a fused  grey  mass,  consisting  of  oxide  and  chloride  of  cadmium. 

Iodide  of  Cadmium.  Cdl,  is  a colorless  crystallizable  compound, 
fusible,  and  resolved  at  a high  temperature  into  iodine  and  cadmium.  It 
I is  easily  formed  by  heating  filings  of  cadmium  with  iodine,  or  mixing 
I them  in  a moist  state.  Its  alcoholic  or  aqueous  solution  yields  large  six- 
I sided  tables,  of  a pearly  lustre.  It  consists  of 


stromeyer. 

Cadmium  I ....  56  ....  30*77  30*541 

Iodine  1 ....  126  ....  69*23  ....  69*459 


Iodide  of  cadmium  ....  1 182  100*00  100*000 


AmxMONIO-iodide  of  Cadmium.  A compound  = 3NH3, Cdl,  is  ob- 
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tamed  by  gently  beating  iodide  of  cadmium  in  gaseous  ammonia : at  a 
higlier  temperature  ammonia  is  expelled.  By  dissolving  iodide  of  cad- 
mium in  warm  aqueous  ammonia  crystals  of  NHs^Cdl  are  deposited  on 
cooling.  (Rammelsbeeg.) 

PoTASsio-ioDTDE  OF  Cadmifm.  OdljKI,  is  ail  extremely  soluble 
compound.  (Croft.) 

Bromide  of  Cadmium.  CdBr.  Bromine  does  not  act  upon  cadmium 
at  common  temperatures,  but  when  the  vapor  of  bromine  is  passed  over 
cadmium  highly  heated  in  a tube,  white  vapors  are  formed,  which  after- 
wards condense.  When  bromine  and  filings  of  cadmium  are  mixed  with 
water,  a solution  of  bromide  of  cadmium  is  also  obtained. 

This  compound  is  very  soluble  in  water,  and  when  its  hot  saturated 
solution  cools,  it  deposits  white  acicular  prisms,  which  effloresce  in  the 
air;  when  heated,  these  crystals  fuse,  lose  water,  and,  at  a red  heat, 
sublime,  yielding  nacreous  scales.  This  bromide  dissolves  in  alcohol  and 
ether,  and  in  concentrated  acetic  and  hydrochloric  acid,  without  decom- 
position ; it  is  also  very  soluble  in  ammonia.  (Berthemot.)  It  con- 


sists of 

Berthemot. 

Cadmiimi 1 ....  56  ....  41*8  ....  41’47 

Bromine  1 ....  78  ....  58  2 ....  58'53 


Bromide  of  cadmium  1 134  lOO’O  lOO'OO 

Ammonio-bromide  of  Cadmium.  2NFl3,CdBr,  is  formed  by  the 
action  of  gaseous  ammonia  on  bromide  of  cadmium  : it  is  a voluminous 
white  powder.  A concentrated  aqueous  solution  of  bromide  of  cadmium 
supersaturated  Avith  ammonia  yields  crystals  NIl3,Br.  (Croft.) 

Potassio-bromide  of  Cadmium.  CdBr,KBr,  forms  an  hydrated 
acicular,  and  an  anhjxlrous  salt,  like  the  double  chloride,  but  is  much 
more  soluble  in  Avater.  (Croft.) 

Bromate  of  Cadmium.  Cd0,Br05,II0,  is  obtained  by  decomposing 
bromate  of  baryta  by  sulphate  of  cadmium  and  evaporating  the  filtrate  in 
vacuo  over  oil  of  vitriol : it  forms  rhombic  prisms  soluble  in  OB  Avater  at 
60^.  AVhen  ammonia  is  added  to  a concentrated  solution  of  this  bro- 
mate so  as  to  redissolve  the  first  precipitate,  and  the  liquor  eA'aporated 
in  vacuo  over  lime,  anhydrous  crystals  are  obtained  =i;3NH3, +2  [CdO, 
BrOo.]  (Rammelsberg,  Poggend,^  lv.  74.) 

Fluoride  of  Cadmium.  CdF,  is  a difficultly  soluble  compound. 

Nitrate  of  Cadmium,  Cd0,N05,4II0  forms  radiated  acicular 
crystals^  Avhich  are  deliquescent,  and  soluble  in  alcohol.  They  consist  of 

Stromeycr. 

Oxide  of  cadmium ~ 1 ....  64  ....  4r56  ....  42’15 


Nitric  acid I ....  54  ....  35'08  ....  3578 

Water  4 ....  36  ....  23-38  ....  22-07 


Crystallized  nitrate  of  cadmium  ....  1 


154 


100-00 


100-00 
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SuLPnuRET  OF  CADMiu]\r.  C(IS,  is  oLtainecl  in  tlie  form  of  a bright 
yellow  powder  insoluble  in  ammonia  and  in  the  fixed  alkalis,  by  precipi- 
tating the  solutions  of  the  metal  with  sulphuretted  hydrogen,  or  an 
alkaline  sulphuret.  It  is  also  formed  by  heating  cadmium,  or  its  oxide, 
with  sulphur,  and  concretes,  on  cooling,  into  a yellow  lamellar  mass.  It 
dissolves  with  the  evolution  of  sulphuretted  hydrogen  in . concentrated 
hydrochloric  acid,  and  is  not  volatile  at  a white  heat.  It  furnishes  a 
valuable  yellow  pigment,  Avhich  mixes  well  with  other  colors,  and  closely 
resembles  sulphuret  of  arsenic,  from  which  it  is  distinguished  by  sustain- 
ing a red-heat  without  subliming,  and  by  its  insolubility  in  potassa  and 
ammonia.  It  consists  of 


Thomson.  Stromeyer. 

Cadmium  1 ....  5d  ....  77-78  ....  77-G  ....  78-02 

Sulphur  1 ....  IG  ....  22-22  ....  22  4 ....  21-98 


Sulphuret  of  cadmium  1 7'2  100-00  100-0  100-00 


Native  Sulphuret  of  Cadmium,  {Greenochite^)  was  discovered  by 
Lord  Greenock  in  small  transparent  pyramidal  crystals  of  a yellow  color, 
vitreous  lustre,  and  conchoidal  fracture,  imbedded  in  prehnite,  at  Bishops- 
town  in  Keiifrewshire : it  had  been  mistaken  for  a zinc  blende,  till  ana- 
lyzed by  Connell.  (^Edin.  Phil.  Trans.) 

Sulphite  of  Cadmilwi.  CdO,S02,  is  formed  by  dissolving  oxide  of 
cadmium  in  aqueous  sulphurous  acid.  When  the  metal  is  digested  in 
this  acid,  sulphuret  of  cadmium  is  at  the  same  time  formed,  in  conse- 
quence of  the  production  of  sulphuretted  hydrogen  by  the  nascent  hydro- 
gen which  is  evolved,  3Cd -f  3110 3S02  =:  3 [CdO,S02] -f-311;  and 
311-f  S02r=HS,2n0;  and  3[Cd0,S02] -pHS  = 2Cd0,3S02 -f  CdS  + 
110.  (Gmelin.) 

IIyposulphate  of  Cadmium.  Cd0,S205,  is  a very  soluble,  deliques- 
cent salt.  (IIeeren.)  AVlien  dissolved  in  -warm  ammonia  it  deposits  a 
pulverulent  double  salt  = 2NH3,Cd0,S205.  (IIammelsberg.) 

Sflphate  of  Cad^iiu.m.  CdO,S03,4U0,  forms  transparent  prismatic 
crystals,  much  resembling  those  of  sulphate  of  zinc  ; they  are  very  soluble 
in  water  : gently  heated,  they  lose  water  of  crystallization,  and  at  a higlier 
tempei-ature  a part  of  the  acid  escapes,  and  a basic  sulphale^  difficultly 
soluble,  and  crj^stallizing  in  scales,  remains.  100  parts  of  anh3ffirous 
sulphate  of  cadmium  absorb  48-09  of  ammonia,  forming  a bulky  white 
powder=3NIl3,CdO,S03.  (II.  Bose.)  The  crystals  of  sulphate  of 


cadmium  contain 

stromeyer. 

Oxide  of  cadinium  1 ....  04  ....  45-7-2  ....  45-950 

Sulpliuvic  acid 1 ....  40  ....  28-57  ....  28-523 

AVater 4 ....  30  ...  25-71  ....  25-521 


Crj’stallized  sulphate  of  cadmium  1 140  100' 00  100-000 

Sulphate  of  cadmium  forms  a double  salt  with  sulphate  of  potassa  — 
CdO,SG3  ; K0,S03  ; (illO.  (Mitscherlich.) 

Phosphuret  of  Cadmium.  This  is  a grey,  brittle  compound,  -with  a 
feeble  metallic  lustre,  and  very  difficult  of  fusion. 
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Hypophosphite  of  Cadmium.  Aqueous  hypopliospliorous  acid  satu- 
rated with  hydrated  carbonate  of  cadmium  yields  small  crystals. 

Phosphite  op  Cadmium.  Phosphite  of  ammonia  produces  a white 
precipitate  in  solution  of  sulphate  of  cadmium. 

Phosphate  of  Cadmium  is  an  insoluble  white  powder,  formed  by 
adding  neutral  phosphate  of  soda  to  a soluble  salt  of  cadmium.  It  con- 
sists, according  to  Stromeyer,  of  69’2  oxide  of  cadmium,  and  30*8  phos- 
phoric acid.  It  fuses  at  a high  heat  into  a transparent  glass. 

Carbonate  of  Cadmium.  Cd0,C02,  is  a white  insoluble  anhydrous 
powder,  w^hich  loses  its  acid  at  a red  heat,  and  consists  of 


stromeyer. 

Oxide  of  cadmium  1 ....  64  ....  74’42  ....  74*547 

Carbonic  acid  1 ....  22  ....  25'58  ....  25*453 


Carbonate  of  cadmium  1 86  100*00  100*000 


Cyanide  of  Cadmium.  CdCy,  is  obtained  in  anhydrous  crystals  by 
evaporating  in  vacuo  a solution  of  hydrated  oxide  of  cadmium  in  hydro- 
cyanic acid : it  is  a very  soluble  salt.  It  combines  with  cyanide  of  potas- 
sium to  form  a potassio-cyanide  of  cadmiurn.  KCy,CdCy.  This  double 
salt  is  best  obtained  by  evaporating  a mixed  solution  of  cyanide  of  potas- 
sium and  acetate  of  cadmium  : it  forms  octohedral  crystals  soluble  in  3 
of  cold  and  I of  boiling  water,  but  insoluble  in  alcohol.  (Rammelsberg. 
Berzelms’  Lehrbuch.) 

Borate  of  Cadmium  is  an  insoluble  white  powder,  containing,  ac- 
cording to  Stromeyer,  72 'I  oxide,  27'9  acid. 

Alloys  of  Cadmium.  Cadmium  combines  readily  with  other  metals, 
forming  brittle  alloys,  from  which  the  cadmium  is  expelled  by  a high 
heat.  Those  with  the  antecedent  metals  have  not  been  examined. 

The  Salts  of  Cadmium  are  mostly  colorless  and  soluble  in  w^ater; 
their  solution  has  a nauseous  metallic  taste;  they  are  precipitated  white  by 
caustic  and  carbonated  alkalis,  and  by  ferrocyanide  of  potassium;  and 
yellow  by  sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia  : they 
are  not  affected  by  tincture  of  galls.  The  precipitate  by  the  carbonated 
alkalis  is  anhydrous,  wdiereas,  Avith  solution  of  zinc,  they  throAV  down  a 
hydrated  carbonate;  with  carbonate  of  ammonia,  the  zinc  salts  give  a 
precipitate  soluble  in  excess  of  the  precipitant;  with  cadmium  salts  the 
precipitate  is  insoluble.  The  yellow  precipitate  which  sulphuretted  hy- 
drogen occasions  in  solutions  of  cadmium  has  sometimes  been  mistaken 
for  sulphuret  of  arsenic;  it  differs  in  falling  more  promptly,  in  its  easy 
solubility  in  concentrated  hydrochloric  acid,  its  insolubility  in  ammonia, 
and  its  fixity  in  the  fire.  Zinc  is  the  only  metal  which  throws  down 
metallic  cadmium.  The  scarcity  of  cadmium  prevents  its  application  to 
useful  purposes,  othenvise  its  malleability  would  render  it  aA^ailable  in  the 
arts,  and  its  oxide  and  sulphuret  Avould  be  good  pigments.  Its  applica- 
tions in  medicine  are  probably  analogous  to  those  of  zinc. 


COBALT. 


795 


§ XIIL  COBALT.  Co.  30. 

The  following  account  of  the  discovery  of  cobalt  is  given  by  Dr. 
Thomson.  (^Inorg.  Chem.^  i.  536.)  “ A mineral  called  cobalt*^  of  a grey 

color,  and  very  heavy,  has  been  used  in  different  parts  of  Europe,  since 
the  fifteenth  century,  to  tinge  glass  of  a blue  color;  but  the  nature  of  this 
mineral  was  altogether  unknown  till  it  was  examined  by  Brandt,  in  1733. 
This  celebrated  Swedish  chemist  obtained  from  it  a new  metal,  to  which 
he  gave  the  name  of  cobalt.  (Acta  Upsal.,  1733  and  1742.)  Lehmann 
published  a very  full  account  of  ever^^thing  relating  to  this  metal  in  1761. 
{^Cadmialogia.,  oder  Geschichie  des  Farben-Kobolds.')  Bergman  confirmed 
and  extended  the  discovery  of  Brandt  in  different  dissertations  published 
in  the  year  1730.  {Ojmsc.^  ii.  444,  501,  and  iv.  371.)  Scarcely  any 
further  addition  was  made  to  our  knowledge  of  this  metal  till  1798,  when 
a paper  on  it  was  published  by  Tassaert.  {Ann.  de  Chim..,  xxviii.  101.) 
In  the  year  1800,  a new  set  of  experiments  were  made  upon  it  by  the 
School  of  Mines  at  Paris,  in  order  to  procure  it  perfectly  pure,  and  to 
ascertain  its  properties  when  in  that  state.  (Fourcroy,  Discours  Pre- 
Ihninaire,  p.  114.)  In  1802,  a new  series  of  trials  was  published  by 
Thenard,  which  throw  considerable  light  on  its  combinations  with  oxygen. 
{Ann.  de  Chim..,  XLii.  210.)  And  in  1806,  Proust  published  a set  of 
experiments  upon  the  same  subject.  {Ann.  de  Chim..,  lx.  260.)  Consi- 
derable attention  has  been  lately  paid  to  the  purification  of  this  metal; 
but  hitherto  no  one  seems  to  have  been  fortunate  enough  to  hit  upon 
a method  altogether  free  from  objections.” 

The  native  combinations  of  cobalt  are  the  oxide,  and  compounds  of 
the  metal  with  iron,  nickel,  arsenic,  and  sulphur.  It  is  also  found  com- 
bined with  arsenic  acid.  In  the  white  and  grey  cobalt-ores,  the  metal  is 
combined  with  iron  and  with  arsenic.  The  ore  commonly  called  glance 
cobalt,  from  Tunaberg,  in  Sweden,  is  a sulpho-arseniuret  of  cobalt.  Some 
of  the  varieties  are  crystallized  in  cubes,  octohedrons,  and  dodecahedrons. 
The  red  ore  is  an  arseniate.  The  finest  specimens  are  the  produce  of 
Saxony.  Cobalt  has  also  been  detected,  by  Stromeyer,  in  several  speci- 


* The  word  cohalt  seems  to  he  derived 
from  Cobalus,  which  was  the  name  of  a 
spirit  that,  according  to  the  superstitious 
notions  of  the  times,  haunted  mines,  de- 
stroyed the  labours  of  the  miners,  and  often 
gave  them  a great  deal  of  unnecessary 
trouble.  The  miners  probably  gave  this 
name  to  the  mineral  out  of  joke,  because  it 
thwarted  them  as  much  as  the  supposed 
spirit,  by  exciting  false  hopes,  and  render- 
ing their  labour  often  fruitless  ; for  as  it 
was  not  known  at  first  to  what  use  the  mi- 
neral could  be  applied,  it  was  thrown  aside 
as  useless.  It  was  once  customary  in  Ger- 
many to  introduce  into  the  church-service 
a prayer  that  God  would  preserve  miners 
and  their  works  from  kohalts  and  spirits. 
(See  Beckmann’s  History  of  Inventions, 
ii.  362.)  Mathesius,  in  his  tenth  sermon, 


where  he  speaks  of  cadmia  fossilis  (probably 
cobalt  ore),  says,  “Ye  miners  call  it  cobalt: 
the  Germans  call  it  the  black  devil  and  the 
old  devil’s  whores  and  hags,  old  and  black 
kobel,  which  by  their  witchcraft  do  injury 
to  people  and  to  their  cattle.”  Lehmann, 
Paw,  Delaval,  and  several  other  philoso- 
phers, have  supposed  that  smalt  (oxide  of 
cobalt  melted  with  glass  and  pounded)  was 
known  to  the  ancients,  and  used  to  tinge 
the  beautiful  blue  glass  still  visible  in  some 
of  their  works  ; but  we  learn  from  Gnielin, 
who  analyzed  some  of  these  pieces  of  glass, 
that  they  owe  their  blue  colour,  not  to  the 
presence  of  cobalt,  but  of  iron.  According 
to  Lehmann,  cobalt  ore  was  first  used  to 
tinge  glass  blue  by  Christopher  Schurer,  a 
glass-maker  at  Flatten,  about  the  year  1540. 
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mens  of  meteoric  iron.  Hydrated  peroxide  of  coLalt  is  sometimes  com- 
bined Avitli  native  peroxide  of  manganese. 

Cobalt  is  never  employed  in  the  metallic  state,  so  that  the  processes 
for  its  reduction  are  generally  carried  on  upon  a small  scale,  and  confined 
to  the  experimental  laboratory;  but  there  is  much  difficulty  in  obtaining 
pure  cobalt:  the  following  are  among  the  best  processes  for  this  purpose. 

Zaffre^  which  is  a very  impure  oxide  of  cobalt,  is  dissolved  in  hydro- 
chloric acid  by  the  aid  of  a little  nitric  acid,  and  sulphuretted  hydrogen 
passed  through  the  solution,  l)y  which  arsenic,  copper,  (and  perhaps 
other  metals,)  are  precipitated;  the  filtered  liquor  may  then  be  boiled  with 
a little  nitric  acid  to  peroxidize  the  iron,  and  precipitated  by  carbonate 
of  potassa:  the  precipitate,  when  well  washed,  is  to  be  digested  in  oxalic 
acid,  which  dissolves  the  oxide  of  iron  and  leaves  an  insoluble  oxalate  of 
cobalt;  this  may  be  decomposed  at  a high  heat.  When  dry  hydrogen 
gas  is  passed  over  oxide  of  cobalt,  it  is  also  reduced. 

The  following  is  Liebig’s  process  for  obtaining  oxide  of  cobalt.  The 
ore  is  pulverized  and  carefully  torrefied;  it  is  then  projected  by  small 
portions  at  a time  into  a crucible  or  iron  vessel,  containing  3 parts  of 
bisulphate  of  potassa,  fused  by  a moderate  heat:  this  mixture,  at  first 
fluid,  soon  acquires  a thick  pasty  consistence;  the  fire  is  then  raised 
till  the  mass  is  perfectly  fused,  and  Avhite  vapors  of  sulphuric  acid  no 
longer  emitted.  The  fused  mass  contains  sulphate  of  cobalt,  neutral  sul- 
phate of  potassa,  perarseniate  of  iron,  and  a very  little  arseniate  of  cobalt. 
It  is  reduced  to  powder,  and  boiled  (in  an  iron  boiler)  with  water,  to 
separate  the  soluble  matters;  the  liquor  is  then  filtered,  or  decanted  clear; 
(if  it  contain  antimony,  bismuth,  or  copper,  these  may  be  separated  by 
sulphuretted  hydrogen;)  it  should  be  of  a rose  color,  and  yields,  with  solu- 
tion of  carbonate  of  potassa,  a precipitate  of  carbonate  of  cobalt.  This 
process  is  founded  upon  the  permanence  of  sulphate  of  cobalt  at  a red- 
heat,  and  the  insolubility  of  the  arseniates  of  iron  and  nickel  in  neutral 
solutions.  The  oxide  thus  obtained  is  free  from  nickel,  and  should  be  so 
free  from  iron  as  not  to  be  discolored  by  infusion  of  galls. 

Wohler  proceeds  as  follows:  1 part  of  pulverized  ore  (speisscobalt  or 
glance  cobalt,)  is  mixed  with  3 parts  of  carbonate  of  potassa  and  3 of 
sulphur,  in  a covered  earthen  crucible,  and  fused  by  a gentle  heat,  so  that 
the  sulphuret  of  cobalt  may  not  fuse:  the  product  is  well  edulcorated  with 
water  to  separate  arsenious  sulphate  of  potassium,  and  subjected  to  a 
second  similar  fusion  and  edulcoration : it  is  then  digested  in  nitric  acid, 
to  which  dilute  sulphuric  acid  has  been  added,  and  precipitated  by  carbo- 
nate of  soda. 

With  many  cobalt  ores  the  largest  part  of  the  arsenic  present  in  the 
ores  of  cobalt  may  be  removed  by  fusing  them  in  fine  powder  with  3 parts 
of  nitre,  and  'washing  out  the  arseniate  of  potassa  by  hot  water:  the  resi- 
due boiled  in  nitric  acid  leaves  some  peroxide  of  iron,  and  the  cobalt  is 
dissolved:  the  solution,  evaporated  to  expel  excess  of  acid,  affords  impure 
nitrate  of  cobalt,  from  wliich  copper  may  be  thrown  dowm  by  a plate  of 
clean  iron.  The  liquor  is  then  filtered,  supersaturated  by  carbonate  of 
ammonia,  again  filtered  from  the  precipitate  of  oxide  of  iron,  and  evapo- 
rated to  a small  bulk;  it  is  then  freed  from  any  deposit,  and,  evaporated 
to  dryness,  leaves  tolerably  pure  oxide  of  cobalt. 

By  these  processes  it  often  happens  that  nickel  (and  sometimes  a little 
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manganese)  is  contained  in  the  oxide  of  cohalt,  for  the  removal  of  which 
a variety  of  processes  have  been  suggested.  To  separate  nickel  the  mixed 
oxalates  of  the  first  process  may  he  dissolved  in  ammonia,  and  the  diluted 
solution  exposed  for  several  days  to  air  in  a shallow  basin:  the  nickel 
salt  falls  as  a green  j^owder,  hut  the  cobalt  salt  remains  in  solution:  or, 
when  the  two  oxides  are  dissolved  in  excess  of  nitric  acid,  the  liquor  may 
he  supersaturated  by  ammonia,  diluted,  and  mixed  with  solution  of 
potassa,  by  which  oxide  of  nickel  i's  thrown  down,  and  on  evaporating 
the  filtered  solution  the  oxide  of  cobalt  falls.  This,  which  is  Phillips’s 
process,  is  effectual;  hut  there  is  generally  some  oxide  of  cobalt  carried 
down  with  the  nickel.  (It  would  here  occupy  too  much  space  to  go  into 
the  further  details  of  these  and  other  processes,  for  Avhich,  therefore,  I 
refer  to  the  authorities  quoted;  to  Gmelin’s  Hnndbuch;  to  Berzelius’s 
Lehrhuch ; and  to  Parnell’s  JLlemcnts  of  Analysis.) 

Cobalt  is  a metal  of  a reddish-grey  color,  brittle,  and  difficultly  fusi- 
ble. Its  specific  gravity,  according  to  Bergman,  is  7’7:  according  to 
Turner,  7’834.  Tassaert  and  Lampadius  place  it  at  8’5  and  8‘7.  The 
specific  heat  of  a specimen  of  cobalt  not  quite  pure,  as  determined  by 
Pegnault,  wms  =:  0T1712;  that  of  pure  cobalt,  reduced  from  the  oxa- 
late, being  =:  0‘10698.  It  is  not  magnetic  when  perfectly  pure.  (Fara- 
day.) Its  equivalent  is  30.  (29’5  Gmelin  and  Turner:  29‘57  Graham.) 

Cobalt  and  Oxygen  unite  in  two  proportions,  forming  oxides  cor- 
responding with  those  of  iron,  namely,  a protoxide  and  a sesquioxide : there 
also  appears  to  be  an  intermediate  oxide,  corresponding  to  the  magnetic, 
or  black  oxide  of  iron. 


Protoxide  of  Cobalt,  CoO,  formed  by  adding  potassa  to  the 
nitrate,  and  washing  and  drying  the  precipitate  out  of  contact  of  air, 
appears  nearly  black.  By  exposure  to  heat  and  air  it  absorbs  oxygen, 
and  is  converted  into  peroxide.  The  protoxide,  when  recently  precipi- 
tated and  moist,  is  blue;  if  left  in  contact  of  water,  it  becomes  a red 
hydrate;  it  then  absorbs  oxygen,  and  acquires  a green  tint. 

The  protoxide  may  also  be  obtained  by  heating  the  carbonate  of 
cobalt  out  of  contact  of  air;  it  is  then  of  a greenish-grey  color.  It  is 
recognised  by  the  facility  with  which  it  imparts  a blue  tint  to  vitrifiable 
compounds  and  to  white  enamel.  It  dissolves  with  the  extrication  of 
heat  in  nitric  and  sulphuric  acid ; and  is  known  to  be  free  from  peroxide, 
by  dissolving  in  hydrochloric  acid  without  the  evolution  of  chlorine. 
AVhen  hydrogen  is  passed  over  it  at  a red-heat,  it  is  decomposed,  and 
porous  metallic  cobalt  remains,  which  is  sometimes  pyrophoric.  It  con- 
sists of 


Rotlioff.  Bcrtliior, 

Cobalt 1 ....  30  ....  78-0  ....  78-67  ....  78*75 

Oxv^eii  1 ....  8 ....  21*1  ....  21-33  ....  21*25 

V O 


Protoxide  of  cobalt 1 38  100*0  100*00  100*00 


Peroxide  of  Cobalt.  Sesquioxide  of  Cobalt.  Co2  03.  AVlien 
cither  the  finely-divided  metal,  or  the  protoxide,  are  heated  in  the  air, 
they  absorb  oxygen,  and  acquire  a dark-brown  color,  forming  an  oxide 
intermediate  between  the  peroxide  and  protoxide,  and  probably  of  indefi- 
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nite  composition;  but  according  to  Hess,  (Poggend.,  xxvi.  542,)  consist- 
ing of  Co3  04.  When  chlorine  is  passed  through  a mixture  of  the 
hydrated  protoxide  and  water,  or  when  a solution  of  chloride  of  cobalt 
is  decomposed  by  chloride  of  lime,  a black  precipitate  falls,  which  is  the 
hydrated  peroxide^  Co2,03,3HO,  and  which  may  be  deprived  of  w^ater  by 
very  cautious  drying  at  a high  temperature;  it  is  then  black,  and  inso- 
luble in  dilute  acids;  it  does  not  form  salts;  wRen  acted  on  by  hydro- 
chloric acid  it  evolves  chlorine,  and  yields  a protochloride.  It  some- 
times occurs  native^  but  is  very  rare.  It  consists  of 


Rothoff. 

Cobalt  2 ....  60  ....  71*4  ....  71*08 

Oxygen  3 ....  24  ....  28’6  ....  28'92 


Sesquioxide  of  cobalt  1 84  lOO'O  lOO'OO 

Chloride  of  Cobalt.  CoCl.  Cobalt,  in  fine  powder,  burns  when 
heated  in  chlorine,  and  forms  chloride  of  cohalt.  When  cobalt  or  oxide 
of  cobalt  is  dissolved  in  hydrochloric  acid,  evaporated  to  dryness,  and  the 
residuum  heated  to  redness  out  of  the  contact  of  air,  a substance  of  a blue 
color  and  micaceous  texture  is  obtained,  which  is  a pure  chloride  of  cobalt, 


consisting  of 

Brande. 

Cobalt 1 ....  30  ....  45*4  ....  47*75 

Chlorine  1 ....  36  ....  54-6  ....  52-25 


Chloride  of  cobalt  ....  1 66  100-0  100-00 

When  this  blue  anhydrous  chloride  of  cobalt  is  dissolved  in  water  it 
yields  a pink  solution,  which,  if  duly  diluted,  and  written  with,  becomes 
invisible  when  dry;  but  if  gently  heated,  the  writing  appears  in  brilliant 
blue,  which  soon  vanishes  as  the  paper  cools,  in  consequence  of  the  salt 
absorbing  aerial  moisture;  if  overheated,  the  writing  blackens,  in  conse- 
quence of  the  decomposition  of  the  chloride  and  the  paper.  This  solution 
has  been  termed  Hellot’s  sympathetic  ink.  Dr.  Thomson  states  that  it 
was  first  made  known  by  Waith,  in  1705  ; a second  time  by  Teichmeyer, 
in  1781;  and,  lastly,  by  Hellot,  in  1737*  {Mhn.  Paris.')  If  it  contain 
copper,  nickel,  or  iron,  the  writing  appears  green;  hence,  in  what  are 
termed  magic  landscapes.,  the  sky  is  tinted  Avith  solution  of  pure  chloride 
of  cobalt,  and  the  trees  and  grass  with  that  which  is  cupreous.  By  care- 
ful evaporation,  the  solution  of  this  chloride  forms  red  crystals,  in  the 
form  of  oblique  rhombic  prisms,  (Brooke,  Ann.  of  Phil.,  2nd  Series,  vii. 
365,)  composed  of  1 atom  of  the  chloride  and  5 of  Avater. 

Dumas  observes  that  chloride  of  cobalt  may  be  obtained  by  passing 
chlorine  over  the  finely-poAvdered  ore  of  cobalt  (glance  cobalt).  The 
chlorides  of  arsenic,  sulphur,  and  iron,  are  volatilized,  and  the  chloride  of 
cobalt  remains,  provided  only  a moderate  heat  has  been  used. 

Ammonio-chloride  of  Cobalt.  2NH3,CoC1.  Anhydrous  chloride  of 
cobalt  readily  absorbs  about  34  per  cent,  of  gaseous  ammonia,  forming  a 
bulky  pale  red  powder:  Avith  Avater  it  gives  a red-brown  solution,  and 
deposits  green  hydrated  oxide.  (H.  Rose.) 

Chlorate  of  Cobalt.  CoO,  C105.  By  mixing  solutions  of  sulphate 
of  cobalt  and  chlorate  of  baryta,  filtering,  and  evaporating  over  sulphuric 
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acid,  cubic  and  octohedral  crystals  are  obtained,  very  deliquescent,  soluble 
in  alcohol,  fusing  at  122°,  and  decomposed  at  212°  into  chlorine,  oxygen, 
'water,  and  peroxide  of  cobalt. 

Iodide  of  Cobalt.  Col.  Powdered  cobalt  heated  with  iodine  in  a 
glass  tube,  forms  a fusible  green  compound:  it  is  not  volatile:  dissolved 
in  little  water  it  forms  a greenish-brown  solution,  which  becomes  red  on 
further  dilution:  it  is  soluble  in  alcohol.  (Erdmann.)  Iodide  of  cobalt 
absorbs  25  per  cent,  of  ammonia,  forming  a reddish-yellow  pow^der 
3NH3,CoI. 

loDATE  OF  Cobalt.  CoO,I05.  The  solution  of  recently-precipitated 
protocarbonate  of  cobalt  in  aqueous  iodic  acid  yields,  on  cooling,  and  by 
evaporation,  violet-colored  crystalline  crusts,  which,  when  heated  in 
a retort  to  392°,  lose  5 '5  per  cent,  of  water;  and  at  a red-heat  give  off 
iodine  and  oxygen,  and  leave  an  oxide  of  cobalt  zir  Co304,  which  retains 
the  crystalline  form  of  the  iodate:  they  dissolve  in  148  of  water  at  60°, 
and  in  90  at  212°,  (Rammelsberg.  Poggend.,  xLiv.  581.) 

Bromide  of  Cobalt,  CoBr,  is  formed  wLen  cobalt  is  heated  in  bro- 
mine vapour;  it  is  a green  compound,  which  yields  with  water  a red 
solution;  it  becomes  purple  when  concentrated,  and  reverts  to  green  when 
dry;  it  is  also  formed  by  boiling  powdered  cobalt  and  bromine  with  water. 
Anhydrous  bromide  of  cobalt  is  very  deliquescent;  it  is  fusible  at  a high 
red-heat,  and  undergoes  slight  decomposition.  It  absorbs  32  per  cent. 
of  ammonia,  forming  a reddish-brown  powder  = 3NH3,CoBr.  It  con- 


sists of 

Berthemot. 

Cobalt 1 ....  30  ....  27-7  ....  27'43 

Bromine  1 ....  78  ....  72'3  ....  72*57 


Bromide  of  cobalt  ....  1 108  100*0  100*00 

Bromate  of  Cobalt.  CoO,Br05,6HO.  By  decomposing  protosul- 
phate of  cobalt  by  bromate  of  baryta,  and  evaporating  the  filtrate  over  oil 
of  vitriol  in  vacuo,  red  octohedral  crystals  are  obtained,  isomorphous  with 
bromate  of  magnesia,  of  zinc,  and  of  nickel:  they  are  soluble  in  2*2  cold 
water,  and  when  the  solution  is  gently  heated,  oxide  of  cobalt  falls  and 
bromine  is  evolved.  (Rammelsberg.  Poggend.,  lv.  7I-) 

Fluoride  of  Cobalt.  CoF.  When  oxide  of  cobalt  is  digested  in 
hydrofluoric  acid,  a pink  solution  is  obtained,  wdiich  yields  crystals  on 
evaporation,  difficultly  soluble  in  water  = CoF,  2HO.  hen  the  dilute 
solution  is  boiled,  it  is  resolved  into  a soluble  acid  salt,  and  a pale  red 
precipitate,  which  is  an  oxijiuoride  — 2 [CoO,CoF,]  -j-HO.  (Berze- 
lius.) 

Nitrate  of  Cobalt.  CoO,N05.  With  nitric  acid  the  oxide  of  cobalt 
furnishes  a brownish-red  deliquescent  salt  in  irregular  rhombic  crystals, 
consisting,  according  to  Thomson,  of  CoO,N05,6IIO.  It  is  soluble  in 
alcohol.  It  is  easily  resolved  by  heat  into  nitrous  acid,  oxygen,  and  per- 
oxide of  cobalt.  Characters  written  with  it  upon  paper  become  pink 
when  warmed,  and  disappear  on  cooling,  forming  a red  sympathetic  ink. 
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Ammonio-nitrate  of  Cobalt.  When  excess  of  ammonicT  is  added 
to  nitrate  of  cobalt,  part  of  the  oxide  is  thrown  down,  and  the  remainder 
forms  a double  salt,  which  crystallizes  in  rose-colored  cubes  of  a saline 
and  urinous  taste.  At  a red-heat  it  fuses  like  nitrate  of  ammonia,  and 
leaves  peroxide  of  cobalt.  The  alkalis  do  not  decompose  it,  but  the  sul- 
phurets  give  a black  precipitate.  (Thenard.  See  Gmelin,  Handbiich^ 
in  reference  to  the  properties  of  this  salt.) 

Ammoniated  Oxide  of  Cobalt.  Cobaltate  of  Ammonia.  It  is 
doubtful  whether  any  binary  compound  of  ammonia  and  oxide  of  cobalt 
exists.  Salts  of  cobalt  with  excess  of  acid  are  not  precipitated  by  ammo- 
nia, nor  by  ammoniacal  salts,  because  double  salts  are  formed.  From  a 
neutral  solution  of  cobalt,  ammonia  throws  down  a portion  of  oxide  in 
the  form  of  blue  hydrate,  which  remains  unchanged,  provided  air  be 
excluded;  but,  if  air  has  access,  oxygen  is  absorbed,  and  the  precipitate 
first  becomes  green,  and  then  dissolves  into  a brown  fluid,  which  appears 
to  be  a compound  of  cohallale  of  ammonia  with  the  other  ammoniacal 
salt.  L.  Gmelin  supposes  the  cobaltic  acid  to  consist  of  1 equivalent  of 
cobalt  and  2 of  oxygen ; its  ammoniacal  solution  is  apt  to  deposit  j)eroxide 
of  cobalt,  in  which  case  it  also  gives  out  nitrogen. 

Protosulphuret  of  Cobalt.  CoS.  When  1 part  of  carbonate  of 
soda,  2 of  sulphur,  and  1 of  pulverized  (native)  arsenio-sulphuret  of 
cobalt  are  heated  together,  sulphuret  of  sodium,  of  arsenic,  and  of  cobalt, 
are  formed,  and  on  cooling,  the  sulphuret  of  cobalt  separates  in  bronze- 
colored  scales.  When  the  fused  mass  is  washed,  if  the  ore  was  pure, 
sulphuret  of  cobalt  is  the  only  insoluble  residue,  the  double  sulphuret  of 
arsenic  and  sodium  being  dissolved.  (This  is  probably  a sesquisul- 
phiiret Sulphuret  of  cobalt  may  also  be  obtained  by  the  direct  action 
of  sulphur  upon  cobalt  heated  to  redness.  It  is  also  formed  by  heating 
sulphate  of  cobalt  with  charcoal,  but  in  that  case  some  metallic  cobalt  is 
blended  with  it,  for  carbon  decomposes  the  sulphuret  of  cobalt.  It  is 
thrown  down  in  the  state  of  hydrate  when  protosalts  of  cobalt  are  decom- 
posed by  sulphuretted  hydrogen,  and  the  precipitate  heated  in  close 
vessels  loses  Avater  and  leaves  the  sulphuret : this  is  the  best  process  for 
obtaining  the  protosulphuret. 

Protosulphuret  of  cobalt  is  yellowish -grey,  somewhat  resembling 
magnetic  pyrites  in  color ; it  fuses  at  a red-heat,  and  is  easily  soluble  in 
acids.  (Berthier.)  It  consists  of 


Cobalt  1 ....  30  ....  G5-3 

Sulphur  1 ....  ]G  ....  34-7 


Protosulphuret  of  cobalt 1 46  lOO'O 

Oxysnlphuret  of  cobalt  is  a dark  grey  powder,  ::=CoO,CoS,  formed 
when  hydrogen  is  passed  OA^er  red-heated  sulphate  of  cobalt, 

Sesquisulphuret  of  Cobalt,  Co2  S3,  is  obtained  by  decomposing  sul- 
phate of  cobalt  by  sulphuretted  hydrogen  at  a red-heat,  (Arfwfdson, 
Ann.  of  FJiil.^  2nd  Series,  vii.,)  or  by  passing  sulphuretted  hydrogen  over 
cobalt  below  a red-heat.  (Berzelius.)  It  is  dark  grey,  and  sometimes 
resembles  plumbago.  A native  sesqiimdphuret  of  cobalt  is  found  crystal- 
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lized  and  massive:  sp.  gr.  4‘9  to  5 (Kohaltkies')^  of  a liglit  steel-gre}’’ 
color,  and  generally  blended  with  pyrites:  it  contains  cobalt  and  sulphur 
in  the  relative  proportions  of 

Fellenberg. 

Cobalt  2 ....  GO  ....  55-5  ....  55  45 

feuhjhur  3 ....  48  ....  44  5 .....  44'55 


Sesquisulpliuret  of  cobalt  1 108  lOO’O  lOO'OO 

PisuLPiiURET  OF  CoBALT.  Co  S2,  was  obtained  by  Setterberg  by  heat- 
ing oxide  of  cobalt  with  3 times  its  weight  of  sulphur,  and  treating  the 
f)roduct  with  hydrochloric  acid  to  decompose  any  protosulphuret,  and 
afterwards  with  solution  of  potassa  to  abstract  the  excess  of  sulphur  ; the 
bisulphuret  remains  in  the  form  of  a black  powder  insoluble  in  hydro- 
chloric acid ; it  consists  of 


Setterberg. 

Cobalt  1 ....  30  ....  48-4  ....  47-85 

Sulphur  2 ....  32  ....  51-6  ....  52-15 


Bisulphuret  of  cobalt 1 02  lOO’O  lOO'OO 


Hyposulphite  of  Cobalt,  CoO,S2  02,6110,  was  obtained  by  Ram- 
melsberg  by  decomposing  protosulphate  of  cobalt  by  hyposulphite  of 
strontia:  on  evaporating  the  filtrate  by  a gentle  heat  a red  crystalline  mass 
remained. 

Sulphite  of  Cobalt.  AYlien  a protosalt  of  cobalt  is  boiled  with 
sulphite  of  potassa,  a basic  sulphite  of  cobalt  falls.  (Berthier,) 

Hyposulphate  of  Cobalt,  CoO,S2  05,6110,  forms,  according  to 
Heeren,  a red  saline  mass,  A^er}"  soluble, but  not  deliquescent:  he  obtained 
it  by  the  decomposition  of  sulphate  of  cobalt  by  hyposulphate  of  baryta. 
The  crystals,  Avhich  are  difficultly  obtained,  contain 


Oxide  of  cobalt  

....  1 . 

...  38  . 

oo  o 

Ilyposulphuric  acid 

....  1 . 

...  72  . 

...  43-9 

Water 

....  0 . 

...  54  . 

...  32-9 

Crystallized  hyposulphate  of  cobalt  . 

...  1 

104 

100-0 

IT  YPOSULPiiATE  OF  CoBALT  AND  Ammonia.  Oil  mixing  a concen- 
trated solution  of  hyposulphate  of  cobalt  with  ammonia,  and  subsequent 
Avarming,  a green  precipitate  and  a Auolet-red  liquid  are  obtained,  from 
AA’hich  red  prismatic  crystals  are  afterAvards  deposited,  but  Avhich  soon  be- 
come brown  and  lose  their  lustre  : Avith  Avater  they  yield  a pale  reddish 
solution,  and  deposit  a green  flocculent  precipitate : their  formula  is 
Co2  03,5NH3,2S2  Oo.  (Ramaielsberg.) 

Sulphate  of  Cobalt,  CoO,S03,  forms  oblique  rhombic  prisms,  like 
sulphate  of  iron  (Brooke,  A?i?i.  of  Phil.,  vi.  120,  2ncl  Series),  of  a bitter- 
ish metallic  taste,  soluble  in  24  parts  of  Avater  at  60°,  and  insoluble  in 
alcohol.  It  may  be  made  by  dissolving  the  ncAAdy-precipitated  protoxide 
or  carbonate  of  cobalt  in  sulphuric  acid  diluted  Avith  its  bulk  of  Avater, 
but  is  not  easily  crystallized.  AYhen  dried  at  a temperature  of  500°,  the 
crystals  fall  into  a blue  powder,  Avhich,  in  a red-heat,  fuses,  but  does  not 
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give  off  acid  except  at  a very  high  temperature.  The  blue  powder  is  the 
anhydrous  sulphate  of  cobalt^  perfectly  soluble  in  water,  and  forming  a 
pink  solution ; it  is  slightly  deliquescent,  and  becomes  lilac-colored  by 
exposure  to  air.  Glacial  acetic  acid  throws  doAvn  the  whole  of  this  salt 
from  its  aqueous  solution.  (Persoz.)  It  forms  a red  sympathetic  ink. 
This  salt  occurs  native.  It  consists  of 


Oxide  of  cobalt  

Sulphuric  acid 

. 1 

. 1 

• • « • 

38 

40 

• • « 4 

48-7  .. 
51-3  .. 

Rothoff, 

..  47-89  ... 
..  52-11  ... 

Brande. 
. 50 

,.  50 

Anhydrous  sulphate  of  cobalt... 

. 1 

78 

100-0 

100-00 

100 

The  crystals  consist  of 

Bucholz. 

Mitscherlich. 

Proust. 

Anhydrous  sulphate  of  cobalt 

1 .. 

..  78 

• . . . 

59-1 

....  56 

....  57-3  .. 

..  58 

Water  

6 .. 

..  54 

.... 

40-9 

....  44 

....  42-7  .. 

,.  42 

Crystals  of  sulphate  of  cobalt 

1 

132 

100*0 

100 

100-0 

100 

When  I part  of  sulphate  of  cohalt  and  2 or  3 of  sulphate  of  zinc  are 
dissolved  together  and  precipitated  by  carbonate  of  soda,  a precipitate 
falls,  which  has  been  called  a cobaltate  of  zinc;  when  washed  and  cal- 
cined it  acquires  a green  color,  and  has  been  used  as  a pigment,  under 
the  name  of  Rinmann  s green. 

Bisulphate  op  Cobalt  is  formed  by  digesting  the  sulphate  in  excess 
of  acid;  the  solution  affords  long  four-sided  prismatic  efflorescent  crystals, 
composed  of  1 atom  of  protoxide  of  cobalt,  2 of  sulphuric  acid,  and  3 of 
water.  (Thomson.)  The  precipitate  which  falls  from  a solution  of  the 
sulphate,  on  the  addition  of  a small  quantity  of  alkali,  is  a basic  sulphate. 
(Berzelius.) 

Ammonio-sulphate  of  Cobalt.  Sulphate  of  cobalt  forms  a double 
salt  Avith  ammonia.  If  it  contain  nickel,  the  crystals  are  of  a greenish 
tinge,  but  pink  when  the  cobalt  is  pure.  They  are  NH4  0,S03-fCoO, 
S03-f  6HO,  being  isomorphous  with  the  corresponding  salt  of  magnesia. 
(Mitscherlich.)  When  anhydrous  sulphate  of  cobalt  is  exposed  to 
gaseous  ammonia,  it  increases  in  bulk,  heats,  and  falls  into  a white  powder 
Avith  a slight  tint  of  red.  100  parts  of  the  salt  take  up  66-48  of  ammonia, 
forming  3NH3,CoO,S03.  (H.  Lose.  A?i7i.  Ch.  et  Ph.^  Lxii.  313.) 

Sulphate  of  Cobalt  and  Potassa.  K0,S03  + CoO,S03 -1-6HO. 
A double  salt,  isomorphous  with  the  ammonio-magnesian  sulphate;  it  is 
less  soluble,  and  more  easily  crystallized  than  the  sulphate  of  cobalt. 
(Mitscherlich.) 

Seleniuret  op  Cobalt,  CoSe,  has  a grey  metallic  lustre  and  foliated 
fracture  : it  is  fusible  at  a red  heat.  (Berzelius.) 

Selenite  op  Cobalt,  CoO,Se02,  is  an  insoluble  rose-colored  powder: 
the  biselenite  is  uncrystallizable.  (Berzelius.)  Seleniate  of  cobalt,,  CoO, 
Se03,6H0,  is  isomorphous  Avith  the  corresponding  sulphate.  (Mits- 
cherlich.) 
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PiiospiiURET  OP  Cobalt  is  a wliite  brittle  compound,  obtained,  by  pro- 
jecting phosphorus  upon  red-hot  cobalt,  or  by  calcining  a mixture  of 
superphosphate  of  lime,  oxide  of  cobalt,  and  charcoal ; it  burns  before  the 
blow-pipe,  and  tarnishes  by  exposure  to  air;  it  contains  about  20  per 
cent,  of  phosphorus.  (Pelletier.)  When  hydrogen  is  passed  over  an- 
hydrous tribasic  phosphate  of  cobalt  at  a red  heat,  a black  powder  is 
obtained  = Co3,P.  (II.  Rose.) 

IIypopiiospiiite  of  Cobalt,  CoO,PO,8IIO,  forms,  according  to  Rose, 
octohedral  efflorescent  crystals  (containing  49*35  per  cent,  of  water  of 
crystallization.)  According  to  Wurtz,  they  lose  6 atoms  of  water  at 
212°,  and  their  formula  is  CoO,Pn2  03-{- 6110.  (^Ann.  Ch.  et  Ph.^ 
Fevr.  1846.) 

Phosphite  of  Cobalt.  CoO,P03.  Solution  of  ammonio-terchlo- 
ride  of  phosphorus  produces  a red  precipitate  in  a solution  of  protochloride 
of  cobalt ; when  heated,  the  precipitate  becomes  violet,  and  ultimately 
black,  evolving  water  and  hydrogen.  (II.  Rose.) 

Phosphate  of  Cobalt,  3CoO,P05,  may  be  formed  by  double  de- 
composition, as  by  adding  phosphate  of  soda  to  chloride  of  cobalt;  it  is 
insoluble  in  water,  of  a lilac  color,  and  soluble  in  excess  of  phosphoric  acid. 

Thenarcfs  blue.  When  phosphate  of  cobalt  is  mixed  with  pure  and 
moist  alumina,  and  exposed  to  heat,  it  produces  a beautiful  blue  color, 
which  may  sometimes  be  employed  by  painters  as  a substitute  for  ultra- 
marine  : a pure  salt  of  cobalt  free  from  nickel,  and  pure  alumina  free 
from  iron,  are  essential  to  the  production  of  a tine  blue.  The  alumina 
and  the  phosphate  are  most  conveniently  mixed  when  both  are  recently 
precipitated  and  in  the  hydrated  state ; 8 parts  by  bulk  of  alumina  are 
thus  well-mixed  with  1 part  of  the  phosphate,  and  then  dried  and  heated 
to  redness ; the  crucible  is  allowed  to  remain  in  the  tire  till  the  fuel  is 
consumed. 

Carbonate  of  Cobalt.  When  the  nitrate,  chloride,  or  sulphate  of 
cobalt,  are  decomposed  by  carbonate  of  potassa  or  soda,  a purple  powder 
is  precipitated,  becoming  pink  vvhen  dried,  and  readily  soluble  with  effer- 
vescence in  the  acids.  Heated  in  close  vessels  it  gives  off‘  carbonic  acid, 
and  a grey  protoxide  of  cobalt  remains.  It  dissolves  in  excess  of  carbonic 
' acid,  and  in  alkaline  carbonates.  According  to  Dumas,  the  precipitate 
I thrown  down  from  sulphate  of  cobalt  by  carbonate  of  potassa  is  a sesqui- 
j carbonate  of  cobalt : it  is  of  a rose-color  ; excess  of  carbonate  of  potassa 
I dissolves  much  of  this  precipitate,  because  carbonic  acid  is  set  free  and 
’ produces  bicarbonate,  in  which  the  carbonate  of  cobalt  is  soluble  : the 
solution  has  a violet  tint  ; by  boiling,  the  whole  of  the  carbonate  is 
thrown  downi.  The  carbonate  of  cobalt  'which  is  formed  by  precipitation 
with  the  alkaline  bicarbonates,  retains  its  color  when  dry.  According  to 
Setterberg,  the  precipitate  usually  called  carbonate  of  cobalt,  is,  like  mag- 
nesia alba,  a mixture  of  carbonate  and  hydrated  oxide  5CoO, 2002, 

4110. 

Ammonio-carbonate  of  Cobalt.  Carbonate  of  cobalt  is  readily 
: soluble  in  solution  of  carbonate  of  ammonia,  forming  a bright  pink 
A^ol,  II.  3 G 
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liquid : exposed  to  air,  it  deposits  small  crystals  (of  protocarbonate  of 
cobalt?) 

Cyanide  op  Cobalt.  CoCy.  Hydrocyanic  acid,  added  to  acetate 
of  cobalt,  throws  down  the  whole  of  the  metal  in  the  form  of  hydrated 
cyanide,  of  a brown  color,  = CoCy,3HO.  When  anhydrous  it  is  blue,  and 
in  close  vessels  bears  a heat  of  570°  without  decomposition : in  the  air  it 
inflames  at  482°.  (Berzelius.) 

Ferrocyanide  op  Cobalt.  Ferrocyanide  of  potassium  gives  a 
greenish  yellow  or  grey  precipitate,  and  ferridcyanide  a brown  precipi- 
tate, in  solutions  of  cobalt : these  precipitates  are  insoluble  in  hydrochloric 
acid. 

CoBALTOCYANiDE  OF  PoTASsiUM.  Cyanide  of  cobalt  is  dissolved  in 
a solution  of  cyanide  of  potassium ; or  hydrocyanic  acid  is  added  to  a 
solution  of  cyanide  of  cobalt,  or  of  carbonate  of  cobalt,  in  potassa,  till  it 
no  longer  reddens  turmeric ; on  evaporation,  transparent  shining  pris- 
matic crystals  are  obtained,  which  are  neutral  to  vegetable  colors,  decre- 
pitate when  heated,  and  then  fuse  into  a dark  olive- green  liquid.  This 
salt  is  easily  soluble  in  water,  and  the  solution  is  nearly  colorless.  The 
pink  precipitate  which  it  produces  in  the  salts  of  cobalt,  is,  perhaps, 
analogous  to  Prussian  blue.  (L.  Gmelin.)  This  salt  is  anhydrous,  and 


consists  of 

L.  Gmelin. 

Potassium 3 ....  120  ....  35*7  ....  35-23 

Cobalt  2 ....  60  ....  17-9  ....  17-19 

Cyanogen  6 ....  156  ....  46*4  ....  47*58 


1 336  100-0  10000 

Cohaltocyaiiogen.  When  cobaltocyanide  of  lead  is  decomposed  by 
sulphuric  acid  or  sulphuretted  hydrogen,  and  the  clear  solution  evapo- 
rated, colorless  fibrous  crystals,  acid,  deliquescent,  and  very  soluble,  are 
obtained,  which  when  heated,  lose  water  and  hydrocyanic  acid,  leaving  a 
blue  residue,  which  at  a red-heat  burns  into  oxide.  This  compound 
has  been  termed  cobaltocyanic  acid;  it  is  supposed  to  be  analogous  in 
constitution  ioferridcyanic  acid,  its  formula  being  Co2,Cy6,H3 : its  basis 
therefore,  or  cobaltocyanogen,  corresponds  to  ferridcyanogen,  and  has  the 
formula  Co2,Cy6 : it  is  a tribasic  salt  radical,  and  represented  by  the 
symbol  Cky,  the  cobaltocyanic  acid  being  CkyH3.  ‘‘  Cobaltocyanide  of 
potassium  is  obtained  by  acting  on  a salt  of  oxide  of  cobalt  with  solution 
of  cyanide  of  potassium  and  hydrocyanic  acid,  when  hydrogen  is  given 
off,  and  the  new  salt  is  obtained  in  crystals.  The  protocyanide  of  cobalt 
precipitated  on  the  first  addition  of  cyanide  of  potassium  re- dissolves  in 
excess  of  that  salt,  forming  either  2CoCy,KCy  or  2CoCy,3KCy.  At  all 
events,  there  is  enough  cyanide  of  potassium  present  to  form  the  latter 
compound.  The  hydrocyanic  acid  being  now  added,  yields  1 equiva- 
lent of  cyanogen,  converting  the  2 equivalents  of  protocyanide  into  1 of 
sesquicyanide  of  cobalt,  while  hydrogen  is  given  off:  2CoCy -f  HCy=: 
Co2,Cy3-i-H.  Lastly,  the  sesquicyanide,  Co2  Cy3,  with  the  3 equivalents 
of  cyanide  of  potassium,  3KCy,  produces  the  cobaltocyanide  of  potassium, 
K3,  q- Co2  Cy6=:K3  Cky.  The  crystals  are  isomorphous  with  those  of 
the  red  prussiate  of  potash  (ferridcyanide  of  potassium:)  they  are  yellow, 
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and  soluble  ; their  solution  is  not  altered  by  acids,  and  gives  in  solutions  of 
protoxide  of  cobalt  a beautiful  rose-colored  precipitate,  analogous  pro- 
bably to  Prussian  blue  ; possibly,  however,  it  may  be  CkyCo3.  It  pre- 
cipitates many  other  metallic  solutions,  such  as  those  of  lead  and  silver. 
It  is  a singularly  permanent  salt.”  (Gregory.) 

SuLPHocYANiDE  OF  CoBALT.  Sulphate  of  cobalt  is  added  to  an  alco- 
holic solution  of  sulphocyanide  of  potassium  ; sulphate  of  ]3otassa  falls, 
and  the  blue  solution  yields  prismatic  crystals  which  deliquesce  in  the  air 
into  a liquid,  at  first  violet-colored,  then  red,  and  yielding  a nearly  color- 
less solution  in  water,  which,  on  the  addition  of  alcohol,  again  becomes 
blue.  (Grotthuss,  Gilbert’s  Ann.^  Lxi.  70.) 

Mellonide  of  Cobalt  is  a pale  pink  precipitate. 

Borate  of  Cobalt.  Solution  of  borax  occasions  a pink  precipitate 
in  solution  of  chloride  of  cobalt,  which  is  a borate  of  cobalt^  and  which 
produces  a beautiful  blue  glass  when  fused.  If  fused  with  2 parts  of 
phosphate  of  soda,  the  product  has  been  recommended  as  a blue  pigment. 
(Berzelius.) 

Uses  of  Cobalt.  The  alloys  of  cobalt  are  unimportant.  The  chief 
use  of  cobalt  is  in  the  state  of  oxide  as  a coloring  material  for  porcelain, 
earthenware,  and  glass ; it  is  principally  imported  from  Germany  in  the 
state  of  zaffre^  and  smalt  or  azure.  Zaffre  is  prepared  by  calcining  the 
ores  of  cobalt,  by  which  sulphur  and  arsenic  are  volatilized,  and  an 
impure  oxide  of  cobalt  remains,  which  is  mixed  with  about  twice  its 
weight  of  finely-powdered  flints.  Strialt  and  azure  blue  are  made  by 
fusing  zaffre  with  glass,  or  by  calcining  a mixture  of  equal  parts  of 
roasted  cobalt  ore,  common  potash,  and  ground  flints.  In  this  way  a 
blue  glass  is  formed,  which,  while  hot,  is  dropped  into  water,  and  after- 
wards reduced  to  impalpable  powder.  Thenard’s  blue  is  also  a valuable 
pigment,  and  has  lately  been  much  substituted  for  smalt  in  the  manufac- 
ture of  paper,  though  it  is  said  not  to  be  so  effectual  in  covering  the 
original  yellow  tint  of  the  paper.  In  consecjuence  of  the  silica  in  smalt, 
writing  paper  which  is  blued  by  it  seems  to  blunt  the  nibs  of  pens. 
There  was  formerly  a large  addition  of  smalt  made  to  bank-note  paper, 
and  consequently  the  ash  obtained  by  the  periodical  combustion  of  notes 
at  the  Bank  often  assumed  by  fusion  the  appearance  of  a deep  blue 
vitreous  slag:  so  also  the  blue-tinted  writing-papers  leave  a fine  blue  ash 
w^hen  burned,  and  often  exhale  an  alliaceous  odor  from  the  presence  of 
arsenic  in  the  smalt.  In  paper-making  there  is  some  difficulty  in 
keeping  the  smalt  uniformly  suspended  in  the  pulp,  so  that  the  lower 
side  of  the  sheet  is  generally  bluer  than  the  upper.  The  manufacturers 
of  paper-hangings  also  use  smalt  and  ThenaixTs  blue  for  all  brilliant  and 
durable  blues. 

Characters  of  the  Salts  of  Cobalt.  Solution  of  potassa  pro- 
duces a blue  precipitate  in  solutions  of  cobalt,  which  becomes  green,  and 
if  boiled,  or  long  kept,  dirty  red.  It  is  not  redissolved  by  excess  of 
potassa.  Ammonia  forms  a blue  precipitate  in  solutions  of  cobalt,  which, 
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on  its  furtlier  addition,  becomes  green,  and  mostly  dissolves : tliis  solu- 
tion becomes  brown  by  exposure  to  air.  Carbonate  of  ammonia  pro- 
duces a pink  precipitate,  wliicli  dissolves  in  excess  of  the  precipitant,  and 
in  liydroclilorate  of  ammonia.  Ferrocyanide  of  potassium  gives  a green- 
isli-grey  precipitate.  Sulphuretted  hydrogen  does  not  throw  down  the 
metal,  but  hydrosulphuret  of  ammonia  produces  a black  precipitate,  even 
when  the  cobaltic  solution  is  excessively  dilute.  Those  salts  of  cobalt 
wdiich  are  insoluble  in  w'^ater,  are  nearly  all  soluble  in  dilute  sulphuric  or 
hydrochloric  acid,  and  are  generally  thrown  dowm  by  ammonia,  and  black- 
ened by  hydrosulphuret  of  ammonia.  When  no  precipitate  is  produced 
in  an  acidulated  metallic  solution  by  sulphuretted  hydrogen  gas,  while  at 
the  same  time  a black  precipitate  is  produced  in  the  neutral  or  alkaline 
solution,  by  hydrosulphuret  of  ammonia,  scarcely  any  other  metal  than 
cobalt,  nickel,  or  iron,  can  be  present.  (TI.  Rose.)  Before  the  blow- 
pipe, cobalt  and  its  compounds  color  borax  and  microcosmic  salt  blue. 
By  charcoal  they  are  reduced  to  a grey  pow^der,  'svhich  is  metallic 
cobalt.  (Berzelius.)  Cobalt  is  not  thrown  down  in  the  metallic  state 
by  any  of  the  other  metals. 

§ XIV.  NICKEL.  Ni.  28. 

Nickel  was  discovered  by  Cronstedt,  in  1751.  Its  commonest  ore 
was  termed  by  the  German  miners,  kupfernickel.,  or  “false  copper:”  it  is 
an  arsenuret  of  nickel;  it  occurs  most  abundantly  in  the  mines  of  Saxony 
and  Germany;  it  has  also  been  found  in  Dauphiny,  Cornwall,  and  several 
other  localities : there  is  also  a native  sulphuret  of  nickel ; what  is  fre- 
quently termed  native  nickel  is  a variety  of  the  arsenuret. 

The  common  commercial  source  of  nickel  is  an  impure  fused  arse- 
nuret, known  under  the  name  of  Speiss;  it  generally  contains  between 
50  and  60  per  cent,  of  nickel,  and,  as  has  been  observed  by  AVohler,  it 
occasionally  forms  octohedral  crystals,  consisting  of  2 atoms  of  arsenic 
and  3 of  nickel. 

An  abstract  of  the  numerous  processes  which  have  been  proposed  for 
obtaining  pure  nickel  will  be  found  in  Dumas  {Chhn.  app.  aux  Arts,  iii., 
253 ;)  in  Gmelin’s  Handhuch,  (Ed.  1844,  III.  332,)  and  in  Berzelius, 
{JLehrbuch,  Ed.  1844,  II.  656.)  It  is  easily  procured  nearly  pure  ; the 
difficulty  consists  in  \perfectly  freeing  it  from  all  traces  of  other  sub- 
stances, and  especially  of  cobalt.  One  of  the  simplest  modes  of  proceed- 
ing is  as  follows : — Dissolve  the  impure  arsenuret,  sold  under  the  name 
of  speiss,  finely-pulverized,  in  sulphuric  acid  diluted  with  3 parts  of 
water,  by  adding  the  quantity  of  nitric  acid  necessary  to  produce  the 
solution.  When  cool  filter  this  solution,  concentrate  it,  and  set  it  aside  : 
crystals  of  sulphate  of  nickel  make  their  appearance.  Proceed  in  this 
manner  till  a sufficient  quantity  of  crystals  has  been  obtained  ; dissolve 
and  crystallize  a second  and  third  time.  Then  redissolve  the  purified 
crystals,  and  pass  sulphuretted  hydrogen  through  the  solution,  Avhich 
should  be  slightly  acidulated,  to  precipitate  any  copper  or  arsenic  that 
may  be  present ; boil,  filter,  and  recrystallize.  The  crystals  now  obtained 
furnish  a solution  from  which  oxide  of  nickel  is  thrown  down  by  potassa: 
it  may,  however,  still  retain  cobalt,  which  is  separated  by  diffusing  the 
liydrated  precipitate  through  water,  and  subjecting  it  to  a current  of 
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clilorlno,  by  which  tlie  cobalt  is  thrown  down  (with  some  nickel)  in  the 
form  of  peroxide,  and  a solution  of  chloride  of  nickel  is  obtained,  from 
which  the  pure  hydrated  oxide  of  nickel  may  now  be  thrown  down,  by 
potassa ; or,  if  intended  for  the  production  of  the  metal,  by  oxalic  acid 
in  the  state  of  oxalate;  which  is  then  dried,  and  intensely  heated  in  a 
covered  crucible  : it  affords  a button  of  pure  nickel.  Nickel  may  also  be 
obtained  by  exposing  a mixture  of  lamp-black  and  the  oxide  of  nickel,  made 
into  a paste  with  oil,  to  a heat  gradually  raised  to  whiteness.  The  above 
process  is  improved  by  thoroughly  roasting  the  powdered  speiss  previous 
to  its  solution,  and  by  adding  to  the  solution  of  the  first  crop  of  crystals 
of  sulphate  of  nickel  a sufficient  quantity  of  sulphate  of  potassa,  so  as  to 
yield,  on  evaporation,  the  double  sulphate  of  nickel  and  potassa : this 
double  salt  is  then  to  be  treated  by  sulphuretted  hydrogen  as  above 
directed, 

Wohler  projects  a mixture  of  1 part  of  finely-powdered  speiss  Avith  2 
of  nitrate,  and  1 of  carbonate  of  potassa,  into  a red-hot  crucible,  and  then 
keeps  it  for  some  time  at  a red-heat : on  lixiviating  the  fused  mass  AAuth 
Avater,  tolerably  pure  oxide  of  nickel  remains ; it  must  be  dissolved  in 
dilute  nitric  acid,  and  if  lead,  copper,  or  bismuth  be  present,  these  may 
be  thrown  doAvn  as  sulphurets,  by  a stream  of  sulphuretted  hydrogen  ; 
otherAAuse  the  solution  may  at  once  be  precipitated  by  carbonate  of  soda 
and  the  edulcorated  precipitate  digested  in  solution  of  oxalic  acid  Avhich 
forms  an  insoluble  oxalate  of  nickel,  still,  hoAA^ever,  possibly  retaining 
cobalt,  in  Avhich  case  it  must  be  dissolved  in  excess  of  ammonia  and  the 
solution  exposed  to  air:  as  the  ammonia  escapes  an  insoluble  oxalate 
of  nickel  and  ammonia  falls,  AAdiile  the  cobalt  is  retained  in  solution  : the 
nickel  salt,  Avhen  Avasbed  and  dried,  may  be  decomposed  by  a red-heat, 
and  then  intensely  ignited  with  charcoal,  giA^es  a button  of  nickel.  (See 
Cobaltocij ankle  of  Nickel^  u\  reference  to  the  separation  of  cobalt  from 
nickel  in  analysis;  also  Parnell’s  Elements  of  Analysis^  p.  346.) 

Nickel  is  a Avhite  brilliant  metal,  Avhich  acts  upon  the  magnetic 
needle,  and  is  itself  capable  of  becoming  a magnet.  Its  magnetism  is 
more  feeble  than  that  of  iron,  and  vanishes  at  a heat  someAvhat  beloAv 
redness.  (630°  Faraday.)  It  is  nearly  as  difficult  of  fusion  as  iron.  It 
is  ductile  and  malleable  : a BaA'arian  coin  has  been  struck  in  nickel,  and 
the  impression  of  the  die  is  A^ery  perfect.  Its  specific  gravity  Amrics  from 
8'27  to  8'40  Avhen  fused,  and  after  hammering,  from  8*69  to  9 00.  Its 
specific  heat  is  0*10863.  It  is  not  oxidized  by  exposure  to  air  at  common 
temperatures,  but  Avhen  heated  in  the  air  it  acquires  A-arious  tints  like 
steel ; at  a red-heat  it  becomes  coated  by  a grey  oxide : before  the 
oxygen  bloAA*-pipe  it  burns  Avith  sparks,  somcAApat  like  iron.  When  steam 
is  passed  OA*er  nickel  at  a high  red-heat,  it  is  sloAvly  decomposed,  and  the 
metal  becomes  coATred  Avith  a crystalline  green  oxide.  (Pegnault, 
Ann.  Ch.  et  Ph.^  Lxii.  352.)  It  is  Amry  sloAAdy  soluble  in  dilute  sul- 
phuric and  hydrochloric  acid,  evolving  hydrogen,  and  producing  a pro- 
tosalt : nitric  acid  is  its  best  solvent.  The  atomic  Aveight  of  nickel 
deduced  from  ALarious  analyses  of  its  compounds,  is  betAveen  26  and  ,30. 
I liaA^e  retained  28,  as  most  consistent  Avith  the  best  authorities.  (29*5 
Gmelin  and  Turner,  26  Tiioaison.) 


Protoxide  of  Nickel,  NiO,  is  obtained  by  adding  potassa  to  the 
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solution  of  tlie  nitrate  or  sulphate  ; a precipitate  falls  of  a pale-green 
color,  which  is  a hydrated  protoxide;  this,  heated  to  redness,  affords  a 
grey  protoxide.  The  carbonate,  oxalate,  or  nitrate  of  nickel,  heated  to 
redness,  also  afford  the  protoxide  in  the  form  of  a grey  powder : wdien 
intensely  heated  out  of  contact  of  air  it  becomes  green.  It  is  not  mag- 
netic. This  oxide,  in  the  state  of  hydrate,  easily  dissolves  in  ammonia, 
forming  a sapphire-blue  solution ; this  property  is  often  made  use  of  to 
separate  oxides  of  nickel  and  iron,  the  latter  (peroxide)  being  insoluble 
in  ammonia.  Protoxide  of  nickel  consists  of 


Klaproth.  Richter.  Thomson.  Rothoff. 

Nickel 1 ....  28  ....  77*78  ....  77  ....  77*82  ....  78  ....  78-.55 

Oxygen  1 ....  8 ....  22-22  ....  23  ....  22-18  ....  22  ....  21-45 


Protoxide  of  nickel  1 36  100-00  100  100-00  100  100  00 

The  hydrated  oxide  when  collected  upon  a filter  is  apple-green,  and 
retains  its  color  when  boiled  in  water,  and  when  washed  and  dried, 
becoming  pulverulent : it  may  he  obtained  in  crystals  by  boiling  carbo- 
nate of  nickel  in  ammonia  ; carbonate  of  ammonia  and  hydrated  oxide  of 
nickel  are  formed.  (Tupputi.)  It  consists  of 

Proust, 

Protoxide  of  nickel  1 ....  36  ....  80  ....  78 

Water 1 ....  9 ....  20  ....  22 

Hydrated  protoxide  of  nickel....  1 45  100  100 

/ 

Peroxide  of  Nickel.  Sesquioxide  op  Nickel.  Ni2  03.  When 
nitrate  or  carbonate  of  nickel  are  carefully  heated  nearly  to  redness,  a 
black  powder  remains,  which  is  this  oxide.  It  may  be  obtained  as  a 
hydrate  by  passing  chlorine  through  the  hydrated  protoxide  diffused  in 
water,  in  which  case  a solution  of  protochloride  is  obtained,  and  the  per- 
oxide formed.  3NiO,  -|-C1  NiCl  -}-Ni2  03.  It  may  also  be  formed  by 
the  action  of  a warm  solution  of  chloride  of  lime  upon  the  hydrated  pro- 
toxide. When  this  hydrated  oxide  is  carefully  dried,  it  is  = Ni2  03,3110. 
(WiNKELBLECH,  Aufi.  der  Pharm.)  Peroxide  of  nickel  is  not  a salifiable 


base.  It  consists  of 

Rothoff.  Lassaigne. 

Nickel 2 ....  56  ....  70  ....  7095  ....  71*43 

Oxygen  3 ....  24  ....  30  ....  29-05  ....  28-57 


Sesquioxide  of  nickel 1 80  100  100  00  100*00 


Chloride  of  Nickel.  NiCl.  When  finely-divided  nickel  is  heated 
in  chlorine,  the  gas  is  absorbed,  the  metal  burns,  and  a golden-colored 
chloride  results.  This  compound  may  also  be  obtained  by  dissolving 
nickel  or  its  oxide  in  hydrochloric  acid,  evaporating  to  dryness,  and  heat- 
ing the  residue  to  redness  in  a glass  tube;  it  then  remains  in  the  form  of 
a yellow  lamellar  substance,  volatile  at  a high  red-heat,  which  dissolves  in 
hot  water,  and  leaves  on  evaporation  a confusedly  crystalline  mass,  of  an 
apple-green  color  and  sweetish  taste  — NiCl,9HO.  Chloride  of  nickel 
consists  of 

Nickel 1 ....  28  ....  43-7 

Chlorine  1 ....  36  ....  56'3 


Chloride  of  nickel 


1 


64 
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Ammonio- CHLORIDE  OF  NiCKEL.  100  parts  of  aiiliydrous  cliloricle  of 
nickel  absorb  74‘8  of  ammonia,  becoming  a bulky  white  powder  =: 
3NH3,NiCI,  which  yields  a blue  solution  with  water.  (II.  Rose,  A7i?i. 
Ch.  et  Ph.  Lxii.  317*)  When  alcohol  is  added  to  the  solution  of  chloride 
of  nickel  in  aqueous  ammonia,  a blue  powder  falls,  and  afterwards  opaque 
octohedral  crystals,  which  heated  in  vacuo  decrepitate  and  fall  into  a 
yellow  powder,  giving  out  water  and  ammonia,  and  leaving  chloride  of 
nickel : they  are  soluble  without  decomposition  in  cold  water,  and  in- 
soluble in  alcohol  : they  contain  55*5  per  cetit.  of  chloride  of  nickel. 
(Erdmann.)  On  evaporating  a mixed  solution  of  chloride  of  nickel  and 
sal-ammoniac  a green  imperfectly  crystallized  double  salt  is  obtained. 
(Tupputi.) 

Chlorate  of  Nickel.  By  decomposing  chlorate  of  baryta  by  sul- 
phate of  nickel,  and  evaporating  over  sulphuric  acid,  a dark-green  deli- 
quescent salt  is  obtained  in  octohedral  crystals  (Ni0,C105,6H0,)  soluble  in 
alcohol,  fusing  at  176°,  and  at  284°  beginning  to  lose  water,  chlorine,  and 
oxygen  : at  342°  a black  mixture  of  peroxide  and  chloride  of  nickel 
remains,  which  at  a faint  red-heat  is  converted  into  a yellow-grey  basic 
chloride,  and  by  long  ignition  into  pure  oxide,  (Waechter.) 

Iodide  of  Nickel.  Nil.  When  very  finely  divided  nickel  and 
iodine  are  heated  together  in  a glass  tube,  or  when  iodine  vapor  is  passed 
over  pulverulent  nickel  as  obtained  by  the  reduction  of  the  oxide  by 
hydrogen,  a black  compound  is  produced,  from  Avhich,  when  heated  to 
bright  redness,  iodide  of  nickel  may  be  sublimed.  The  solution  of  oxide 
of  nickel  in  aqueous  hydriodic  acid  leaves  on  evaporation  a black  residue, 
which  when  air  is  excluded  sublimes  at  a red-heat  without  previous 
fusion,  forming  a lamellar  iron-colored  sublimate  : if  air  be  present  some 
oxide  is  formed  and  iodine  evolved.  Iodide  of  nickel  is  deliquescent,  and 
forms  a brown,  or  when  more  dilute,  a green  solution  with  water;  it  is 
difficultly  crystallizable,  giving  NiI,6HO.  AYhen  large  quantities  of 
solution  of  iodide  of  nickel  are  evaporated  to  dryness,  and  the  residue 
redissolved,  small  quantities  of  a red-brown  powder  remain  :rz:NiI,9NiO, 
15HO.  (Erdmann,  Journ.  praklisch  Chem.^  YII,  254.) 

Ammonio-iodide  of  Nickel.  3NLl3,NiI,  is  obtained  by  dissolving 
iodide  of  nickel  in  warm  caustic  ammonia  : it  separates  in  blue  octohedra, 
or  as  a blue  powder  difficultly  soluble  in  water.  Dry  iodide  of  nickel 
absorbs  ammonia,  when  aided  by  a gentle  heat,  forming  a yellowish  com- 
pound =^2Nn3,NiI. 

loDATE  OF  Nickel.  Ni0,I05,H0.  Hydrate  of  oxide  of  nickel  dis- 
solved in  aqueous  iodic  acid  yields  on  evaporation  a pale  green  crystalline 
powder,  which  becomes  anhydrous  when  dried  at  212°.  It  is  soluble  in 
120  parts  of  water  at  60°,  and  in  about  78  parts  of  boiling  water.  When 
this  iodate  is  dissolved  in  aqueous  ammonia  and  alcohol  added  to  the 
solution,  small  blue  crystals  and  powder  fall  =:  2NH3,Ni0,I05.  (Ram- 
melsberg.) 

Bromide  of  Nickel.  NiBr.  The  vapor  of  bromine  is  absorbed  by 
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filings  of  nickel  lieated  to  dull  redness,  and  form  a brown  compound ; 
when  highly  heated  it  assumes  the  appearance  of  aurmn  musivum^  and  at 
a very  higli  temperature  it  partly  sublimes  in  yellow  micaceous  scales, 
and  begins  to  decompose.  This  bromide  is  also  formed  v/hen  nickel  and 
bromine  are  boiled  in  water;  the  solution  is  green,  becomes  brown  by 
evaporation,  and  yields  small  whitish  acicular  crystals,  very  deliquescent, 
r=:NiBr,3IIO.  The  solution  of  bromide  of  nickel  exposed  to  the  air, 
deposits  flocks  of  oxide  of  nickel:  evaporated  to  dryness  a reddish  deli- 
quescent bromide  remains,  soluble  in  alcohol,  ether,  hydrochloric  acid, 
and  ammonia.  At  a high  red-heat  in  contact  of  air  it  is  decomposed, 
bromine  is  evolved,  and  oxide  of  nickel  remains.  (Bertiiemot,  Ann.  Ch. 
et  rii.^  xLiv.  389.) 

Ammonio-bromide  of  Nickel,  3NH3,NiBr,  is  formed  by  saturating 
the  anhydrous  bromide  with  gaseous  ammonia,  or  dissolving  it  in  warm 
aqueous  ammonia,  when  it  separates  as  a blue  powder : it  is  soluble  in  a 
small  quantity  of  water,  but  when  largely  diluted  is  decomposed.  (Ram- 
MELSBERG,  Pogge?id.^  xuiv.  562.) 

Bromate  of  Nickel,  Ni0,Br05,  is  obtained  by  decomposing  sul- 
phate of  nickel  by  bromate  of  baryta  and  evaporating  the  filtrate  in  vacuo 
over  oil  of  vitriol : it  forms  octohedral  cr^^stals,  containing  6HO,  soluble 
in  3*58  cold  water.  When  the  concentrated  ammoniacal  solution  of  this 
salt  is  mixed  with  alcohol  a blue-green  crystalline  powder  falls,  wdiich  is 
an  armiionio-brojnate.  (Rammelsberg.) 

Fluoride  of  Nickel,  obtained  by  dissolving  the  hydrated  oxide  in 
hydrofluoric  acid,  yields  green  irregular  crystals,  and  forms  double  salts 
wuth  ammonia  and  with  potassa. 

Nitrate  of  Nickel.  Ni0,N05,5H0.  Nitric  acid  acts  upon  nickel 
with  disengagement  of  nitric  oxide,  and  a bright  green  solution  of  protoxide 
is  obtained,  which,  by  careful  evaporation,  yields  prismatic  crystals  of  pro- 
tonitrate of  nickel : exposed  to  heat,  part  of  the  acid  may  be  driven  off 
so  as  to  leave  a green  insoluble  subnitrate,  and  this  at  a higher  tempera- 
ture is  decomposed,  peroxide,  or  ultimately  protoxide,  of  nickel  remaining. 
The  crj'stals  of  nitrate  of  nickel  effloresce  in  dry  air,  but  deliquesce  in  a 
damp  atmosphere ; they  are  soluble  in  2 parts  of  water  at  60°,  and  also 
in  alcohol : they  consist  of 

Protoxide  of  nickel 1 ....  36  ....  26‘7 

Nitric  acid  1 ....  54  ....  40'0 

AVater  5 ....  45  ....  33’3 

Crystallized  nitrate  of  nickel 1 135  lOO’O 

Ammonia  and  Oxide  of  Nickel.  AYhen  hydrated  oxide  of  nickel 
is  digested  in  ammonia  it  readily  dissolves  and  forms  a deep-blue  solu- 
tion, the  shade  of  which  is  paler  when  the  oxide  predominates.  AYhen 
heated,  it  deposits  granular  crystals  of  hydrated  oxide : exposed  to  air,  it 
gradually  deposits  ammonio-carhonate  of  nickel.  The  fixed  alkalis  throw 
down  oxide  of  nickel,  combined  with  the  alkali  used. 
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Ammonio-nitrate  of  Nickel.  'When  ammonia  is  added  in  excess 
to  nitrate  of  nickel  and  the  solution  evaporated,  green  crystals  of  this 
double  salt  are  obtained  : the  alkalis  do  not  render  their  solution  turbid, 
but  the  hydrosulphurets  throw  down  the  nickel.  (Tiienard,  A?i?i.  de  CIi.^ 
XLiii.  245.) 

SuLPHURET  OF  NiCKEL,  NIS,  may  be  formed  by  heating  nickel  filings 
with  sulphur ; they  combine  with  ignition ; also  by  heating  oxide  of 
nickel  Avitli  sulphur,  or  by  passing  sulphuretted  hydrogen  over  the  heated 
oxide.  It  is  yellow,  and  resembles  j)jUtes.  When  sulphuretted  hy- 
drogen is  passed  into  a perfectly  neutral  solution  of  nickel,  a part  of  the 
metal  falls  in  the  form  of  a black  hydrated  sulphuret;  if  the  solution  be  acid, 
the  metal  is  not  thus  precipitated:  hence  the  method  of  separating  nickel 
from  certain  other  metals,  such  as  copper  and  arsenic,  the  precipitation 
of  which  is  not  prevented  by  excess  of  acid.  When  acetate  of  nickel 
is  decomposed  by  sulphuretted  hydrogen,  the  sulphuret  of  nickel  has  a 
peculiar  brilliant  metallic  lustre.  The  hydrated  sulphuret  may, be  dried 
at  21 2°  Avithout  losing  its  combined  AA^ater.  A sulphuret  of  nickel  is  also 
throAAm  doAvn,  Avheii  the  soluble  salts  of  nickel  are  decomposed  by  sul- 
phuret of  potassium.  Native  sulphuret  of  nickel  occurs  in  capillary 
filaments,  of  a yelloAA^-grey  color;  it  is  the  hair  pprites  of  the  Germans. 
There  is  also  a native  ferrosulphuret,  or  nickel  pprites  = Fe2,Ni,S3.  Sul- 
phuret of  nickel  consists  of 

Rose. 

ArLvedson.  E.  Davy.  Native. 

Nickel  1 ....  2a  ....  63-6  ....  G‘4-35  ....  66  ....  0*4-8 

Sulplmr 1 ....  IG  ....  36*4  ....  34-26  ....  34  ....  35-2 

Sulphuret  of  nickel  1 44  lOO'O  98-61  100  lOO'O 

A suhsulphuret  of  nickel^  Ni2,S,  is  formed,  according  to  Arfwedson, 
when  hydrogen  is  passed  OA^er  sulphate  of  nickel  at  a red  heat,  sulphurous 
acid  and  AAaater  being  evolved : it  is  fusible  and  magnetic.  Berthier 
obtained  the  same  sulphuret  by  heating  sulphate  of  nickel  in  a crucible 
lined  with  charcoal.  By  exposing  a mixture  of  carbonate  of  nickel, 
sulphur,  and  carbonate  of  potassa  to  a strong  heat  Fellenberg  formed  a 
hisulphiiret  of  nickel  — NiS2. 

IlYrosuLPHiTE  OF  NiCKEL.  Ni0,S202,GH0.  Nickel  dissolves  like 
zinc  in  aqueous  sulphurous  acid,  forming  a sulphite  and  hyposulphite  : by 
evaporating  the  green  solution,  crystals  of  the  sulphite  first  separate,  and 
then  those  of  the  hyposulphite.  Rammelsberg  obtained  the  hyposulphite 
by  decomposing  sulphate  of  nickel  by  hyposulphite  of  strontia,  filtering 
and  CA’aporating  the  green  solution  in  vacuo  OA^er  sulphuric  acid ; it  gave 
green  crj^stals  isomorphous  Avith  those  of  hj^posulphite  of  magnesia. 

Sulphite  of  Nickel.  Ni0,vS02,6E[0.  The  first  crystals  deposited 
by  the  solution  of  nickel  in  sulphurous  acid  have  the  above  formula. 
(Fordos  and  Gelis.) 

IIyposulpiiate  of  Nickel,  NiO,S2  05,6110,  obtained  by  the  de- 
composition of  sulphate  of  nickel  by  hyposulphate  of  baryta,  forms  long 
green  prisms,  readily  soluble  iii  Avater  and  decomposed  by  heat  into 
sulphurous  acid  and  sulphate  of  nickel. 
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Hyposulpha^te  op  Nickel  and  Ammonia.  When  ammonia  is  added 
to  a solution  of  the  hyposulphate  of  nickel  a blue  crystalline  poAvder  falls, 
'which  dissolved  by  the  aid  of  heat  in  ammonia,  forms  on  cooling  small 
flat  prismatic  crystals  of  a violet  color.  Heated  in  a tube  this  salt  affords 
a sublimate  of  sulphite  and  sulphate  of  ammonia,  and  a residue  of  sul- 
phuret  and  sulphate  of  nickel:  its  formula  is  [3NH3,Ni0,S2  05.]  (Ram- 

MELSBERG.) 

Sulphate  of  Nickel,  Ni0,S03,7H0,  is  formed  by  dissolving  the 
oxide  or  carbonate  of  nickel  in  diluted  sulphuric  acid : concentrated 
sulphuric  acid  acts  with  difficulty  on  nickel  even  at  a boiling  heat.  This 
salt  yields  emerald-green  prismatic  crystals  (sp.  gr.  2*04),  the  form  of 
which  varies,  depending,  according  to  Phillips  and  Cooper  (Ann.  of  Phil. 
xxii.  489),  upon  variations  in  the  water  of  crystallization ; it  is  soluble 
in  about  3 parts  of  'svater  at  60°,  and  efflorescent  by  exposure ; its  taste 
is  sweet  and  astringent;  it  is  insoluble  in  alcohol  and  in  ether.  Exposed  to 
heat,  the  crystals  crumble  down  into  a yellow  powder : at  a white-heat 
the  acid  is  expelled,  and  protoxide  remains.  They  part  with  6 atoms  of 
w^ater  at  220°,  but  retain  1 atom  till  heated  to  534°.  (Graham.)  It  has 
been  observed  by  Mitscherlich,  that  when  the  ordinary  crystals  (contain- 
ing 7 atoms  of  water)  are  exposed  in  a close  glass  vessel  to  the  sunshine, 
or  when  they  are  long  kept,  they  become  a congeries  of  small  octohedral 
crystals,  which  are  opaque,  but  retain  the  original  quantity  of  combined 
-water.  (This  salt  is  sometimes  obtained  by  heating  common  nickel  in 
sulphuric  acid,  with  the  occasional  addition  of  nitric  acid;  but  is  impure. 
See  p.  806.)  The  anhydrous  salt  consists  of 


Berthier.  Tuppnti. 

Oxide  of  nickel  1 ....  36  ....  47’4  ....  47*8  ....  46*6 

Sulphuric  acid  1 ....  40  ....  52'6  ....  52*2  ....  53*4 


Anhydrous  sulphate  of  nickel  1 78  100*0  100*0  100*0 

The  crystallized  sulphate  consists  of 


Tupputi.  Mitscherlich.  R.  Phillips. 

sq.  prism,  rhombicp. 

Oxide  of  nickel 1 ....  36  ....  25*9  ....  25*63)  , ....  26*2  ....  26*30 

Sulphuric  acid  1 ....  40  ....  28*8  ....  29*371  ....  30*0  ....  28*16 

Water  7 ....  63  ....  45*3  ....  45*00  45*6  ....  43*8  ....  45*54 


Crystals  of  sulphate  of  nickel  1 139  100*0  100*00  100*0  100*0  100*00 

Sulphate  of  Ammonia  and  Nickel,  NH4  0,Ni0,2S03,7H0,  is 
obtained  by  evaporating  a mixed  solution  of  sulphate  of  ammonia  and 
sulphate  of  nickel;  it  forms  four-sided  prismatic  crystals  (sp.  gr.  1*8),  of  a 
blue-green  color,  soluble  in  4 parts  of  cold  water,  and  consisting,  accord- 
ing to  Mitscherlich,  of  I atom  of  sulphate  of  ammonia,  I of  sulphate  of 
nickel,  and  8 of  water.  Boettger  recommends  this  as  the  best  salt  for 
the  deposition  of  nickel  upon  brass  or  copper  in  electro-plating. 

Anhydrous  sulphate  of  nickel  greedily  absorbs  gaseous  ammonia, 
evolving  much  heat  and  forming  a bulky  white  or  pale  blue  powder, 
which  gives  a blue  solution  in  water,  and  deposits  green  hydrated  oxide: 
the  amount  of  ammonia  absorbed  is  about  66  per  cent..,  so  that  the  com- 
pound  may  be  represented  as  3NH3,Ni0,S03.  (H.  Rose,  Ann,  Cli.  et 

Ph.,  Lxxii.  312.) 
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Sulphate  op  Potassa  and  Nickel,  K0,Ni0,2S03,6ri0,  is  obtained 
by  mixing  and  evaporating  the  mixed  solution  of  sulphate  of  nickel  and 
sulphate  of  potassa;  or  by  saturating  a solution  of  bisulphate  of  potassa  with 
carbonate  or  oxide  of  nickel.  It  forms  pale  green  rhomboidal  crystals, 
(Brooke,  Ann.  of  Phil.^  vi.  438,)  isomorphous  with  the  corresponding 
magnesian  salt,  of  a sweetish  and  bitter  taste,  soluble  in  9 parts  of  cold 
water.  (Tupputi,  An?i.  de  Chim.^  Lxxviii.  and  Lxxix.)  It  has  been 
analyzed  by  Mitscherlich,  and  by  Cooper  {Ann.  of  Phil. ^ vi.  440),  and 


consists  of 

Mitscherlich.  Cooper. 

Potassa  1 ....  48  ....  22-0  ....  21'58  ....  20-48 

Oxide  of  nickel  1 ....  36  ....  16*5  ....  1710  ....  17‘54 

Sulphuric  acid  2 ....  80  ....  36-7  ....  36-63  ....  37’90 

Water 6 ....  54  ....  24-8  ....  24*69  ....  24-08 


Sulphate  of  potassa  and  nickel  ....  1 218  lOO'O  100*00  lOO’OO 

Sulphate  of  Nickel  and  Iron  is  formed  by  mixing  the  solution  of 
the  two  sulphates,  or  by  dissolving  the  mixed  protoxides  in  sulphuric 
acid,  and  evaporating  the  solution.  It  is  a green  efflorescent  salt,  in 
tabular  crystals.  (Link,  CrelTs  A7in.,  1796.) 

Sulphate  of  Nickel  and  Zinc  is  formed  by  mixing  atomic  propor- 
tions of  the  two  sulphates  in  solution  and  evaporating:  it  forms  prismatic 
crystals  of  a pale  green  color,  soluble  in  3 parts  of  water  at  60°,  and 
efflorescent.  (Tupputi.) 

Seleniuret  of  Nickel  has  not  been  examined.  Selenite  of  Nickel 
is  a white  insoluble  powder  whilst  moist,  but  becomes  pale  green  when 
dried.  The  biselenite  is  soluble,  and  yields  a green  gum-like  residue  on 
evaporation.  The  crystals  of  seleniate  of  nickel  are  isomorphous  with 
those  of  seleniate  of  zinc,  and  sulphate  of  nickel.  (Mitscherlich.) 

PnosPHURET  OF  NiCKEL  is  a brittle  whitish  compound,  decomposed 
by  exposure  to  heat  and  air.  It  is  formed  by  the  action  of  phosphorus 
upon  red-hot  nickel,  and  is  more  fusible  than  the  pure  metal.  It  con- 
tains, according  to  Pelletier,  83  nickel  + 17  phosphorus;  according  to 
Lampadius,  87  nickel  + 13  phosphorus.  When  phosphuretted  hydrogen 
is  passed  over  heated  chloride  of  nickel,  or  when  tribasic  phosphate  of 
nickel  is  heated  in  a stream  of  hydrogen,  a black  phosphuret  results  — 
Ni3,P.  It  is  insoluble  in  hydrochloric,  but  soluble  in  and  decomposed  by 
nitric  acid.  (H.  Rose.) 

IIypophosphite  of  Nickel  is  a green  salt,  formed  as  the  correspond- 
ing cobalt  salt : its  formula  is  NiO,PO,8HO.  (Wurtz.) 

Phosphite  of  Nickel.  A solution  of  ammonio-terchloride  of  phos- 
phorus added  to  a neutral  chloride  of  nickel  deposits  micaceous  crystals, 
which,  when  heated,  evolve  water  and  hydrogen.  (II.  Rose,  Poggend.) 

Phosphate  of  Nickel,  3Ni0,P05,  being  nearly  insoluble,  is  preci- 
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pitated  upon  adding  phosphate  of  soda  to  a solution  of  nickel.  It  is  of  a 
pale-green  color,  and  sometimes  forms  a crystalline  powder.  AVhen  its 
solution  in  ammonia  is  boiled,  a double  salt  falls. 

Carburet  of  Nickel  occasionally  remains  in  the  form  of  a shining 
powder,  wlien  a button  of  the  metal  which  lias  long  been  fused  in  the 
contact  of  carbon,  is  dissolved  in  nitric  acid.  (Ross  and  Irving,  A7i?i.  of 
Phil,  ii.) 

Carbonate  of  Nickel,  NI0,C02,  is  precipitated  in  the  form  of  a 
green  powder,  when  carbonate  of  soda  is  added  to  sulphate  of  nickel. 
When  long  washed  with  boiling  water  it  becomes  nearly  black.  Dried 
in  the  air  at  the  temperature  of  60°,  it  retains  its  green  color.  It  dis- 
solves in  excess  of  carbonic  acid.  It  has  been  analyzed  by  Thomson  and 
by  Berthier,  its  components  when  dried  at  60°  being 


Oxide  of  nickel  

1 .. 

..  36 

....  4.3-9 

Carbonic  acid  

] .. 

..  22 

....  26-8 

Water  

3 .. 

..  27 

....  29-3 

Carbonate  of  nickel 

] 

85 

100-0 

According  to  Berthier  a hydrated  sesquicarbonate  of  nickel,  — 2NiO, 
.‘3C02,10IIO,  is  formed  when  a salt  of  nickel  is  decomposed  by  bicar- 
bonate of  soda : it  is  a very  light  greenish  powder,  not  altered  by  careful 
desiccation. 

Ammonio-carbonate  of  Nickel.  Carbonate  of  nickel  forms  a hlue- 
green  solution  with  carbonate  of  ammonia:  if  a solution  of  oxide  of  nickel 
in  ammonia  be  exposed  to  air  a green  basic  ammonio-carbonate  is 
gradually  deposited. 

Borate  of  Nickel  is  a pale-green  insoluble  compound,  formed  by 
double  decomposition : it  is  soluble  in  the  stronger  acids,  and  fuses  into 
a liyacinthine  glass. 

CvANiDE  OF  Nickel,  NiCy,  is  thrown  down  when  a soluble  cyanide 
is  added  to  a solution  of  nickel,  or  when  hydrocyanic  acid  is  mixed  with 
acetate  of  nickel.  When  dried  it  forms  a green  mass  with  vitreous  frac- 
ture, and  in  this  state  contains  about  20  i^er  cent,  of  water,  which  it 
retains  till  heated  to  about  380°,  when  a pale  brown  anhydrous  cvanide 
remains,  which  at  a higher  temperature  in  close  vessels  suddenly  ignites, 
evolving  nitrogen  and  cyanogen,  and  leaving  a mixture  of  nickel  and  car- 
buret of  nickel. 

POTASSIO- CYANIDE  OF  NiCKEL.  KCy,NiCy.  When  freshly  precipi- 
tated cyanide  of  nickel  is  dissolved  in  a solution  of  cyanide  of  potassium, 
yellow  rhombic  prisms  are  obtained  on  evaporation,  which  are  this  double 
cyanide  with  1 atom  of  water  : dried  at  212°  they  become  anhydrous  and 
opaque,  and  when  fused  concrete  into  a crystalline  mass  which  is  slowly 
decomposed  by  elevation  of  temperature.  Similarly  constituted  salts 
may  be  obtained  with  the  cyanides  of  ammonium,  calcium,  and  barium. 
(Wohler.) 
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Ferrocyanide  of  Nickel,  2NiCy,FeCy,  is  precipitated  in  the  form 
of  a pale  greenish  or  grey  powder  when  solution  of  ferrocyanide  of  potas- 
sium is  added  to  the  soluble  salts  of  nickel:  the  ammoniacal  compounds 
of  nickel  are  similarly  precipitated,  and  in  these  solutions  the  test  is 
very  distinctive  of  nickel  as  opposed  to  copper, 

SuLPiiocYANiDE  OF  NiCKEL.  Hydrated  oxide  of  nickel  dissolves  in 
aqueous  hydrosulphocyanic  acid,  forming  a green  solution  which,  evapo- 
rated in  vacuo,  leaves  a yellow  crystalline  powder  containing  about  5 per 
cent,  of  water,  which  it  loses  at  300°.  It  is  soluble  in  alcohol,  and  forms 
a double  salt  with  ammonia. 

CoBALTOCY^ANiDE  OF  NicKEL,  Ni3,Cky,  OY  Ni3,Co2,CyG.  Cobalto- 
cyanide  of  potassium  forms  a green  precipitate  with  the  salts  of  nickel, 
which  is  insoluble  in  boiling  dilute  acids.  “ This  property  has  been 
applied  by  Liebig  to  the  separation  of  cobalt  from  nickel  in  analysis.  All 
other  metals  being  removed,  an  excess  of  potash  is  first  added,  and  then 
hydrocyanic  acid  till  the  precipitate  at  first  formed  is  dissolved,  and  the 
whole  is  then  boiled.  Hydrochloric  acid  is  now  added,  and  if  no  nickel 
be  present  it  produces  no  change,  because  it  has  no  action  on  cobalto- 
C3nnide  of  potassium.  But  if  nickel  be  present  (of  course  by  this  time  as 
cyanide)  it  is  converted  into  chloride,  and  this  is  instantly  precipitated  by 
the  cobaltocyanide  of  potassium  as  cobaltocyanide  of  nickel.  Should 
there  be  more  cobalt  than  nickel  present,  the  whole  nickel  is  precipitated, 
and  the  precipitate,  acted  on  by  potash,  leaves  the  nickel  as  peroxide, 
while  the  cobalt  is  dissolved  as  cobaltocyanide  and  may  be  determined 
along  with  the  portion  not  precipitated  for  wnnt  of  nickel.  If  on  the 
other  hand  there  be  more  nickel  than  cobalt,  all  the  cobalt  is  contained 
in  the  green  precipitate  of  cobaltocyanide  of  nickel,  and  may  be  dis- 
solved by  potash,  and  its  quantity  determined,  while  the  nickel,  left  by 
the  potash  as  peroxide,  may  be  added  to  that  left  in  the  liquid  for  want  of 
cobalt.  Such  is  an  outline  of  this  very  beautiful  and  refined  method, 
which  gives  most  accurate  results.'’  (GREGORY^) 

Alloys  of  Nickel.  Of  these  alloys,  there  is  one  which  requires 
particular  notice,  namely,  that  'with  iron,  which  forms  a principal  metallic 
ingredient  in  most  aerolites,  or  meteoric  stofies.  Though  we  really  know 
nothing  of  the  source  or  origin  of  these  bodies,  it  has  been  ascertained 
upon  satisfactory  evidence,  that  they  are  not  of  terrestrial  formation ; and, 
consequently,  their  visits  to  the  surface  of  our  planet  have  awakened 
much  speculation,  and  some  experimental  research. 

In  the  first  place,  it  deserves  to  be  remarked,  that  we  have  evidence 
of  the  falling  of  stony  bodies  from  the  atmosphere  in  various  countries, 
and  at  very  remote  periods.  Such  events  have  been  recorded  l)y  the  most 
accredited  of  the  early  historians.  The  first  tolerably  accurate  narration 
of  the  fall  of  a meteoric  stone  relates  to  that  of  Ensisheim,  near  Basle, 
upon  the  Rhine.  The  account,  which  is  deposited  in  the  church,  runs 
thus:  “A.D.  1492,  Wednesday,  November  7,  there  was  a loud  clap  of 
thunder,  and  a cliild  saw  a stone  fall  from  heaven  : it  struck  into  a field 
of  wheat  and  did  no  harm,  but  made  a hole  there.  The  noise  it  made 
was  heard  at  Lucerne,  ATlling,  and  other  places : on  the  Monday,  King 
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Maximilian  ordered  the  stone  to  be  brought  to  the  castle,  and  after 
having  conversed  about  it  with  the  noblemen,  said  the  people  of  Ensis- 
heim  should  hang  it  up  in  their  church,  and  his  Royal  Excellency  strictly 
forbade  anybody  to  take  anything  from  it.  His  Excellency,  however, 
took  two  pieces  himself,  and  sent  another  to  Duke  Sigismund  of  Austria. 
This  stone  weighed  255  lbs.’' 

In  1627,  27th  November,  Gassendi  saw  a burning  stone  fall  on 
Mount  Vaisir,  in  Provence:  he  found  it  to  weigh  59 lbs.  In  1672,  a stone 
fell  near  Verona,  weighing  300  lbs.  Lucas,  when  in  Larissa,  in  1706, 
describes  the  falling  of  a stone,  with  a loud  hissing  noise,  and  smelling  of 
sulphur.  In  September,  1753,  De  Lalande  witnessed  this  phenomenon 
near  Pont  de  Yesle.  In  1768,  no  less  than  three  stones  fell  in  different 
parts  of  France.  In  1790,  there  was  a shower  of  stones  near  Agen, 
witnessed  by  Darcet,  and  several  other  persons.  On  the  13th  of  Decem- 
ber, 1795,  a stone  fell  near  Major  Topham’s  house,  in  Yorkshire;  it 
was  seen  by  a ploughman  and  two  other  persons,  who  immediately  dug 
it  out  of  the  hole  it  had  buried  itself  in:  it  weighed  56 lbs.  We  have 
various  other  and  equally  satisfactory  accounts  of  the  same  kind.  All 
concur  in  describing  a luminous  meteor,  moving  through  the  air  in  a more 
or  less  oblique  direction,  attended  by  a hissing  noise,  and  the  fall  of  stony 
or  semimetallic  masses,  in  a heated  state.  We  have,  however,  evidence, 
of  another  kind,  proving  the  peculiar  origin  of  these  bodies.  It  is,  that 
although  they  have  fallen  in  very  different  countries,  and  at  distant 
periods,  when  submitted  to  chemical  analysis,  they  agree  in  component 
parts ; the  metallic  particles  being  composed  chiefly  of  iron  and  nickel  : 
the  earthy  of  silica  and  magnesia. 

Large  masses  of  native  iron  have  been  found  in  different  parts  of  the 
world,  of  the  history  and  origin  of  which  nothing  very  accurate  is  known. 
Such  are  the  great  block  of  iron  formerly  at  Elbogen,  in  Bohemia ; the 
large  mass  discovered  by  Pallas,  weighing  1600  lbs.,  near  Krasnorjark, 
in  Siberia ; that  found  by  Goldberry,  in  the  great  desert  of  Zara,  in 
Africa ; probably,  also,  that  mentioned  by  Barrow,  on  the  banks  of  the 
Great  Fish-river  in  Southern  Africa ; and  those  noticed  by  Celis,  Hum* 
boldt,  and  others  in  America,  of  enormous  magnitude,  some  exceeding 
30  tons  in  weight.  That  these  should  be  of  the  same  source  as  the  other 
meteoric  stones,  seems  at  first  incredible ; but  when  they  are  submitted  to 
analysis,  and  the  iron  they  contain  found  alloyed  Avith  nickel,  it  no  longer 
seems  credulous  to  regard  them  as  of  meteoric  origin.  We  find  nothing 
of  the  kind  in  the  earth.  Two  blocks  of  such  iron  Avere,  in  fact, 
observed  to  fall  from  a meteor,  at  Hradschina,  near  Agram,  in  Croatia, 
in  1751.  In  Ure’s  Chemical  Dictionary  there  is  a chronological  list  of 
meteoric  stones.  (Art.  Meteorolite.)  See  also  Annals  of  Philosophy ^ 
N.S.,  vol.  xii.,  p.  83. 

To  account  for  these  visitations  of  metallic  and  lapideous  bodies,  a 
variety  of  hypotheses  have  been  suggested. 

Are  they  merely  earthy  matter,  fused  by  lightning  ? Are  they  the 
offspring  of  any  terrestrial  volcano  ? These  Avere  once  favorite  notions ; 
but  we  know  of  no  instance  in  which  similar  bodies  have  in  that  Avay 
been  produced,  nor  do  the  lavas  of  knoAvn  volcanos  in  the  least  resemble 
these  bodies;  to  say  nothing  of  the  inexplicable  projectile  force  that 
would  here  be  wanted.  Those  who  have  taken  up  this  conjecture,  have 
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assumed  one  impossibility  to  account  for  what  they  conceive  to  be 
another,  namely,  that  the  stony  bodies  should  come  from  any  other  source 
than  our  own  globe. 

The  notion  that  these  bodies  come  from  the  moon,  is,  when  impar- 
tially considered,  neither  absurd  nor  impossible,  for  any  power  which 
would  move  a body  6000  feet  in  a second,  that  is,  about  three  times  the 
velocity  of  a cannon-ball,  would  throw  it  from  the  sphere  of  the  moon’s 
attraction  into  that  of  our  earth.  The  cause  of  this  projectile  force  may 
be  a volcano,  and  if  thus  impelled,  the  body  would  reach  us  in  about 
two  days,  and  enter  our  atmosphere  with  a velocity  of  about  25,000  feet 
in  a second.  Their  ignition  may  be  accounted  for,  either  by  supposing 
the  heat  generated  by  their  motion  in  our  atmosphere  sufficient  to  ignite 
them,  or  by  considering  them  combustible,  and  ignited  by  contact  of  air. 

While  we  are  stating  the  possibility  of  these  opinions,  it  may  be 
remembered,  that,  in  the  great  laboratory  of  the  atmosphere,  chemical 
changes  may  happen,  attended  by  the  jiroduction  of  metals,  though  this 
is^highly  improbable : the  disruption  of  small  planetary  bodies  is  a more 
plausible  hypothesis. 

Meteoric  stones  have  generally  an  uneven  black  surface,  and  are  inter- 
nally of  a grey  color  and  coarse  texture.  When  carefully  examined, 
most  of  them  appear  made  up  of  a number  of  small  spherical  bodies  and 
metallic  grains  imbedded  in  a softer  matter,  composed,  according  to 
Howard  {Phil.  Trans. ^ 1802),  of  silica,  magnesia,  and  iron,  with  a little 
nickel;  the  spherical  bodies  are  nearly  of  similar  composition;  and  the 
metallic  grains  are  partly  meteoric  iron.^  and  partly  the  same  with  a little 
sulphur.  In  addition  to  these  substances,  Yauquelin  found  2 per  cent.., 
of  chromium  in  a stone  which  fell  at  Langres,  in  1815;  {Ann.  Ch.  et  Ph.^ 
i.  52:)  and  Stromeyer  detected  cobalt  in  the  meteoric  iron  from  the 
Cape  of  Good  Hope.  {Thomson  s Annals.,  ix.)  Lime  and  alumina  have 
also  been  found  in  them,  and  a small  proportion  of  manganese.  Laugier 
has  announced  the  existence  of  a meteoric  stone  without  nickel,  but  con- 
taining chromium ; and  as  he  has  detected  the  latter  metal  in  all  the 
aerolites  which  he  has  examined,  he  considers  it  as  their  most  cha- 
racteristic ingredient.  {Mem.  du  Museum.,  vi.,  p.  233.)  Dr.  Shepard 
has  announced  the  existence  of  phosphate  of  lime  in  a meteoric  stone 
from  Richmond,  U.S.  {Sillhnan  s Joiirn..,  July,  1843.) 

In  meteoric  iron  the  proportion  of  nickel  varies  considerably.  In  a 
specimen  from  the  Arctic  region  I found  3’2  per  cent.  {Quart.  Journ..,  vi. 
369.)  In  that  from  Siberia,  Children  found  nearly  10  per  cent.  The 
analysis  may  be  performed  by  solution  in  nitrohydrochloric  acid ; the 
iron  is  thrown  down  by  excess  of  ammonia  in  the  state  of  peroxide ; it 
is  separated  by  filtration,  washed  and  dried ; and  on  evaporating  the 
filtrated  liquor,  and  heating  its  dry  residue  red-hot,  the  oxide  of  nickel 
is  obtained,  which  should  be  redissolved  in  nitric  acid,  and  precipitated 
by  pure  potassa,  the  mixture  being  boiled  for  a few  seconds,  (Children, 
Quart.  Journ..,  ix.  344)  ; or  the  nitrohydrochloric  solution  may  be  pre- 
cipitated by  excess  of  ammonia,  and  filtered : the  peroxide  of  iron 
remains  upon  the  filter,  and  the  filtrate  is  an  ammoniacal  solution  of 
nickel,  from  which  the  metal  may  be  precipitated  by  ferrocyanide  of 
potassium.  The  following  are  some  further  analyses  of  native  iron. 
(Thomson’s  Mineralogy.,  i.  432.  See  also  Brayley.) 
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Klaproth.  M.  do  Rivero  and  Boussingault. 

f ^ ^ ^ 

Sclavonia.  Siberia.  From  the  Andes. 

Iron  96-5  ....  98-5  ....  91-51  ....  91-23  ....  91-76  ....  90-76 

Nickel  ....  3-5  ....  1-5  ....  8-59  ....  8-21  ....  6-36  ....  7-87 

100-0  100-0  100-10  99-44  98-12  98-63 

Meteoric  iron  has  been  imitated  by  fusing  iron  with  nickel.  The 
alloy  of  90  iron  with  10  nickel  is  of  a whitish-yellow  cast,  and  not  so 
malleable  as  pure  iron.  The  alloy  with  3 per  cent,  of  nickel  is  perfectly 
malleable,  and  whiter  than  iron.  These  alloys  are  less  disposed  to  rust 
than  pure  iron,  hut  nickel  alloyed  with  steel  increases  the  tendency  to 
rust.  (Stodart  and  Faraday,  Quart.  Journ.  of  Science  and  Arts,  ix.) 

Nothing  is  known  of  the  alloys  of  nickel  with  j^otassmn?,  sodium, 
manganese,  zinc,  or  tin.  With  copper,  it  forms  a hard  white  alloy;  the 
white  copper  of  the  Chinese,  or  Pakfong,  consists,  according  to  the 
analysis  of  Dr.  Fyfe,  of  40’4  parts  of  copper,  31-6  of  nickel,  25-4 
of  zinc,  and  2-6  of  iron.  A similar  alloy  is  often  used  as  a substitute 
for  silver,  or  for  plated  articles,  under  the  name  of  German  silver:  it 
should  consist  of  1 part  of  nickel,  1 of  zinc,  and  2 of  copper ; or,  Avhen 
intended  for  rolling,  of  25  parts  of  nickel,  20  of  zinc,  and  60  of  copper ; 
to  which,  if  for  casting,  3 of  lead  may  be  added.  (Gersdorf,  Quart. 
Journ.,  i.,  1827,  483.)  The  following  details  respecting  the  alloys  of 
nickel  are  from  a pamphlet  on  the  subject  by  Messrs.  Topping.  (London, 
1836.)  The  metals  referred  to  should  be  as  pure  as  possible.  (1.) 
Connnon  German  Silver. — Copper  8,  Nickel  2,  Zinc  3-|.  This  is  the 
commonest  that  can  be  made,  with  any  regard  to  the  quality  of  the  article 
produced,  and  may  be  used  for  wire,  for  common  purposes.  If  the  quantity 
of  the  nickel  be  reduced  much  below'  this,  the  alloy  will  be  little  better 
than  pale  brass,  and  tarnish  rapidly.  (2.)  Good  German  Silver. — Copper 
8,  Nickel  3,  Zinc  This  is  a very  beautiful  compound.  It  has  the 
appearance  of  silver  a little  below  standard ; by  some  persons  it  is  even 
preferred  to  the  more  expensive  compounds.  We  strongly  recommend 
manufacturers  not  to  use  a metal  inferior  to  this.  (3.)  Electrum. — 
Copper  8,  Nickel  4,  Zinc  This  is  the  compound  we  first  introduced. 
We  still  prefer  it  to  any  of  the  others,  and  we  think  the  public  in  general 
would  do  the  same.  It  has  a shade  of  blue,  like  very  highly-polished 
silver:  it  tarnishes  less  easily  than  silver.  (4.)  Copper  8,  Nickel  6,  Zinc 
3^.  This  is  the  richest  in  nickel  that  can  be  made,  without  injuring 
the  mechanical  properties  of  the  metal.  It  is  a very  beautiful  compound, 
but  requires  a higher  heat  for  fusion  than  the  preceding,  and  -will  be 
found  rather  more  difficult  to  wmrk.  (5.)  Tutenag. — Copper  8,  Nickel 
3,  Zinc  6J.  These  proportions  we  originally  obtained  by  analyzing  a 
piece  of  Chinese  tutenag,  of  the  best  ordinary  quality;  but  have  seen 
some  rare  specimens  of  Chinese  tutenag  equal  to  electrum.  No.  3.  This 
alloy  is  very  fusible,  but  very  hard,  and  not  easily  rolled : it  is  best 
adapted  for  casting.  A variety  of  articles  are  now  plated  with  nickel  by 
electrolytic  precipitation  from  a solution  of  sulphate  of  nickel,  the  process 
being  in  all  respects  similar  to  that  in  Avhich  copper  is  used  (p.  220). 
[In  reference  to  electroplating  with  nickel,  see  Smep:,  Elements  of  Electro- 
metallurgy : he  recommends  chloride  of  nickel  as  the  solution,  with  a 
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nickel  positive  pole,  and  single  battery : the  nickel  thus  deposited  is  very 
brilliant,  hut  rather  brittle.] 

Characters  of  the  Salts  of  Nickel.  These  salts  have  a rough 
metallic  taste,  and  excite  vomiting  when  swallowed  in  sufficient  quan- 
tity. They  are  recognized  by  the  peculiar  green  color  of  their  aqueous 
solutions,  by  the  green  precipitate  which  they  atford  with  the  fixed 
alkalis  and  their  carbonates,  and  by  giving  a green  precipitate  with  am- 
monia, soluble  in  excess  of  that  alkali,  when  it  assumes  a blue  color. 
The  yellow-green  precipitate  aftbrded  by  iodide  of  potassium,  is  very 
characteristic  of  nickel ; but  the  nicest  test  of  its  presence  is  the  ferro- 
cyanide  of  potassium,  which  produces  a pale-grey  or  greenish- white 
precipitate  in  all  the  neutral  solutions  of  the  metal.  To  detect  the 
presence  of  nickel  in  iron,  Wollaston  recommends  that  a small  portion, 
which  need  not  exceed  '01  of  a grain,  should  be  filed  from  the  sample, 
and  dissolved  in  a drop  of  nitric  acid ; evaporate  this  to  dryness,  and  add 
a drop  or  two  of  liquid  ammonia,  which,  when  gently  warmed,  "will  dis- 
solve any  oxide  of  nickel  that  may  be  present.  The  transparent  part  of 
the  fluid  is  then  to  be  conducted  by  the  end  of  a glass  rod  to  a small 
distance  from  the  precipitated  oxide  of  iron,  and  mixed  with  a drop  of 
the  ferrocyanide,  which,  if  nickel  be  present,  will  cause  an  immediate 
milkiness,  not  discernible  when  a solution  of  common  iron  is  formed  and 
treated  in  the  same  way.  It  must,  however,  be  recollected  in  using  this 
test,  that  the  ferrocyanide  precipitate  is  taken  up  by  excess  of  ammonia, 
giving  a reddish  solution,  which,  as  the  ammonia  evaporates,  forms  a 
flocculent  deposit  of  a buff  tinge.  Nickel  is  not  precipitated  in  a metallic 
form  by  any  metal  except  iron,  which  is  slow  and  imperfect  in  its  operation. 
Zinc,  immersed  in  a solution  of  chloride  of  nickel,  becomes  covered  with  a 
suboxide,  or  a mixture  of  the  metal  and  its  protoxide.  The  acid  solutions 
of  nickel  are  not  precipitated  by  sulphuretted  hydrogen,  nor  by  ammonia; 
but  excess  of  the  latter  renders  them  blue.  The  alkaline  sulphurets 
give  black  precipitates  of  hydrated  sulphuret  of  nickel,  which  is  slightly 
soluble  in  excess  of  those  precipitants.  Nickel  has  a great  tendency  to 
form  double  salts,  which  are  only  partially  decomposed  by  the  alkalis. 

Before  the  blow-pipe  oxide  of  nickel  becomes  black  at  the  extremity 
of  the  exterior  flame,  and  in  the  interior  greenish-grey.  It  is  dissolved 
readily,  and  in  large  quantity,  by  microcosmic  salt.  The  glass,  while  hot, 
is  a dirty  dark-red,  which  becomes  paler  and  yellowish  as  it  cools.  After 
the  glass  has  cooled,  it  requires  a large  addition  of  the  oxide  to  produce 
a distinct  change  of  color.  It  is  nearly  the  same  in  the  exterior  and 
interior  flame,  being  slightly  reddish  in  the  latter.  Nitre  added  to  the 
bead  makes  it  froth,  and  it  becomes  red-brown  at  first,  and  afterwards 
paler.  It  is  easily  fusible  wdth  borax,  and  the  color  resembles  the  pre- 
ceding. AYhen  this  glass  is  long  exposed  to  a high  degree  of  heat  in  the 
I interior  flame,  it  passes  from  reddish  to  blackish  and  opaque,  then  blackish- 
j grey  and  transparent;  then  paler  reddish-grey  and  clearer;  and  lastly, 
i transparent,  and  the  metal  is  precipitated  in  small  Avhite  metallic  glo- 
i bules.  The  red  color  seems  here  to  be  produced  by  the  entire  fusion  or 
i solution  of  the  oxide,  the  black  by  incipient  reduction,  and  the  grey  by 
j the  minute  metallic  particles  before  they  combine  and  form  small  globules. 

I When  a little  soda  is  added  to  the  glass  formed  with  borax,  the  reduction 
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is  more  easily  effected,  and  the  metal  collects  itself  into  one  single  globule. 
When  this  oxide  contains  iron,  the  glass  retains  its  own  color  while  hot, 
hut  assumes  that  of  the  iron  as  it  cools. 

§ XY.  COPPER.  Cu.  32. 

Copper,  Cwpriim^  or  Venus^  of  the  alchymists  ( $ ),  was  known  in  the 
early  ages  of  the  world,  and  was  the  principal  ingredient  in  domestic 
utensils,  and  in  the  instruments  of  war,  previous  to  the  discovery  of 
malleable  iron.  The  word  copper  is  derived  from  the  island  of  Cyprus^ 
where  it  was  first  wrought  by  the  Greeks.  It  is  found  native^  and  in 
various  states  of  combination.  Of  its  ores^  the  oxide,  chloride,  sulphuret, 
sulphate,  phosphate,  carbonate,  and  arseniate,  are  the  most  remarkable. 
The  sulphurets  are  the  most  abundant,  and  from  them  the  commercial 
demands  are  almost  exclusively  supplied. 

The  metal  may  be  obtained  perfectly  pure  by  dissolving  the  copper  of 
commerce  in  nitric  acid,  with  the  addition  of  a little  sulphuric  acid;  the 
solution  is  diluted,  and  a plate  of  iron  is  immersed,  upon  which  the 
copper  is  precipitated:  after  having  been  previously  washed  in  dilute  sul- 
phuric acid  to  separate  a little  adhering  iron,  it  may  be  fused  into  a button. 
The  usual  impurities  in  ordinary  copper  are  traces  of  lead,  iron,  oxide 
of  copper,  and  carbon. 

Copper,  with  the  exception  of  titanium,  is  the  only  metal  which  has  a 
red  color:  it  has  much  lustre,  is  very  malleable,  ductile,  and  tenacious: 
it  exhales  a peculiar  smell  when  warmed  or  rubbed.  When  precipitated 
upon  iron,  it  forms  octohedra,  but  the  crystals  obtained  during  the  cooling 
of  fused  copper  are  rhomboidal,  and  have  a different  place  in  the  thermo- 
electric series.  (Seebbck.)  Copper  is  frequently  thrown  down  by  vol- 
taic action  in  octohedral  crystals;  and  Wohler  has  shown  that  the  small 
glittering  particles  in  avanlurin  glass^  formerly  in  much  request  for  orna- 
mental articles,  and  made  at  Murano,  near  Yenice,  are  crystals  of  metal- 
lic copper;  they  form  a beautiful  microscopic  object.  (Aim.  der  Ckem.  mid 
Vharm,^  Jan.  1843.)  It  melts  at  a cherry-red  or  dull- white  heat;  or,  accord- 
ing to  Daniell,  at  a temperature  intermediate  between  the  fusing-points  of 
silver  and  gold  1996°  Fahr.,  and  when  in  fusion  has  the  property  of 
absorbing  small  quantities  of  oxygen,  which  escape  again  when  the  metal 
solidifies,  occasioning  a spirting  and  throwing  out  of  portions  of  the  liquid 
metal.  At  a very  high  temperature,  copper  boils,  and,  exposed  to  air,  it 
emits  fumes  which  condense  upon  cold  surfaces  into  minute  globules  of 
protoxide  with  a metallic  nucleus.  (Dumas.)  Its  specific  gravity  varies 
from  8*788  to  8*958 ; the  former  being  the  least  density  of  cast  copper, 
the  latter  the  greatest  of  rolled  or  hammered  copper.  The  sp.  gr.  of  some 
samples  of  copper  containing  a little  of  the  protoxide,  does  not  exceed 
8*5,  and  such  copper  is  of  inferior  ductility.  When  copper  is  in  a state 
of  extreme  division,  it  burns  like  tinder,  and,  under  a flame  urged  by 
oxygen  gas,  it  takes  fire,  and  burns  with  a beautiful  green  light.  Ex- 
posed for  a long  time  to  damp  air,  copper  becomes  covered  with  a thin 
greenish  crust  of  hydrated  oxide  and  carbonate.  If  heated  and  plunged 
into  water,  a quantity  of  reddish  scales  separate,  consisting  of  an  imper- 
fect oxide.  The  same  scales  fly  off  during  cooling  from  a plate  of  the 
metal  which  has  been  heated  red-hot.  Copper  does  not  decompose  water 


OXIDES  OF  COPPER. 


821 


at  a red-lieat.  The  equivalent  of  copper  is  32.  (3P6  Turner:  31*71 

Graham:  32  Gmelin.) 

Native  copper  occurs  in  a variety  of  forms;  massive,  dendritic,  granu- 
lar, and  crystallized  in  cubes,  octohedra,  &c.  It  is  found  in  Cornwall, 
Siberia,  Saxony,  Hanover,  Sweden,  and  America;  chiefly,  but  not  exclu- 
sively, in  primitive  rocks. 

Copper  and  Oxygen.  There  are  two  oxides  of  copper,  a suboxide  or 
dioxide^  Cu2  0,  and  a protoxide,  CuO:  the  latter  is  the  basis  of  the  stable 
and  common  salts  of  copper;  the  dioxide  combines  directly  with  only  a 
few  of  the  acids,  and  is  in  most  cases  resolved  by  them  into  metallic  cop- 
per and  protoxide;  Ou2  0 Cu  + CuO. 

Suboxide  of  Copper.  Dioxide  of  Copper.  Cu2  O.  This  oxide 
occurs  native;  it  may  be  formed  artificially,  (1.)  By  exposing  thick 
copper  wire  in  a muffle  to  a bright  red-heat,  so  as  just  not  to  fuse  it,  for 
about  half  an  hour,  and  then  keeping  it  for  some  hours  at  a dull  red- 
heat;  it  thus  forms  a dark  crystalline  coating  upon  the  core  of  metallic 
copper.  (Marchand.)  (2.)  By  heating  5 parts  of  peroxide  with  4 of 
very  finely  divided  metallic  copper;  or,  according  to  Turner,  by  arranging 
thin  copper  plates  one  above  the  other,  with  interposed  strata  of  the  black 
oxide,  and  exposing  them  to  a red-heat  carefully  protected  from  the  air. 
(3.)  By  fusing  5 parts  of  dichloride  of  copper  with  3 of  dry  carbonate  of 
soda,  and  washing  and  drying  the  residue.  (4.)  By  fusing  a mixture  of 
100  parts  of  crystals  of  sulphate  of  copper,  with  57  of  crystals  of  carbo- 
nate of  soda ; "when  the  water  is  expelled,  the  mass  is  reduced  to  powder, 
mixed  with  25  parts  of  copper  filings,  and  exposed  to  a white-heat  for 
about  20  minutes;  the  residue  is  then  pulverized,  washed,  and  dried;  it 
is  of  a red  color,  the  tint  being  improved  by  trituration  and  washing. 
This,  which  is  Malaguti’s  process,  is  the  most  economical  and  yields  the 
best  product.  (A?i7i.  Ch.  e/ PA.,  uiv.  216.)  (5.)  By  adding  to  an  aque- 

ous solution  of  equal  weights  of  sulphate  of  copper  and  sugar  a sufficiency 
of  soda  to  redissolve  the  first  precipitate,  and  then  boiling  the  resulting 
blue  liquor:  the  suboxide  falls  as  a brown,  and  often  crystalline  powder, 
which,  when  washed  and  dried,  is  permanent  in  the  air.  (Mitscherlich.) 
(6.)  Hydrated  suboxide  of  copper  is  precipitated  in  the  form  of  a dingy 
orange-colored  or  brown  powder,  when  a hot  solution  of  subchloride  of 
copper  is  decomposed  by  potassa:  if  dried  in  vacuo  it  becomes  reddish- 
brown.  (7.)  When  sulphate  of  copper  and  protosulphate  of  iron  are 
dissolved  in  water  and  precipitated  by  an  alkali,  dioxide  of  copper  and 
peroxide  of  iron  are  thrown  down:  the  former  may  be  separated  by  diges- 
tion, out  of  the  contact  of  air,  in  ammonia,  which  gives  a colorless  solu- 
tion. (Levol,  Ann.  Ch.  et  Ph.,  lxy.  320.)  (8.)  Moist  hydrated  oxide  of 

copper  is  boiled  for  a few  minutes  in  a solution  of  sugar  of  milk,  contain- 
ing a little  potassa  or  soda;  the  liquor  is  then  diluted,  and  the  precipitate 
washed:  it  is  orange-yellow.  (Bottger.)  (9.)  When  grape  sugar  is 
boiled  in  a solution  of  tartrate  of  copper  in  soda,  or  carbonate  of  soda,  a 
yellow  hydrated  dioxide  of  copper  falls,  which  on  drying  assumes  a red 
color,  often  of  considerable  brilliancy.  (See  Sugar.) 

Dioxide  of  copper  is  fusible:  it  passes  into  protoxide  when  heated  in 
the  air.  When  intensely  heated  in  close  vessels,  small  octohedral  and 

3 H 2 
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cubic  crystals  are  frequently  formed  in  it;  the  same  thing  was  observed 
by  Chenevix,  on  exposing  peroxide  of  copper  to  a violent  heat,  in  an  open 
crucible;  a semi-fused  mass,  resembling  native  red  copper,  was  obtained. 
{Phil.  Trans..,  1801.)  The  dilute  acids  mostly  resolve  this  oxide  into 
metallic  copper  and  peroxide;  it  dissolves  in  concentrated  hydrochloric 
acid;  it  also  dissolves  in  ammonia,  as  will  presently  be  explained ; it  is  not 
soluble  in  solutions  of  potassa  or  of  soda.  Its  salts  are  frequently  formed 
by  the  action  of  deoxidizing  agents  on  the  protosalts.  It  consists  of 


Chenevix.  Berzelius. 

Copper  2 ....  64  ....  88-9  ....  88-5  ....  88'97 

Oxygen 1 ....  8 ....  IM  ....  It'S  ....  1103 


Dioxide  of  copper....  1 72  i lOO'O  lOO'O  lOO'OO 

Copper  vessels,  such  as  tea-urns,  &c.,  and  medals,  are  often  superfi- 
cially coated  Avith  this  oxide,  or  bronzed;  it  gives  them  an  agreeable 
appearance,  and  prevents  tarnish.  For  this  purpose  two  processes  are 
resorted  to:  (1.)  The  copper  surface  is  cleaned,  and  then  brushed  over 
Avith  peroxide  of  iron  (generally  colcothar)  made  into  a paste  Avith  Avater, 
or  Avith  a Amry  dilute  solution  of  acetate  of  copper ; heat  is  then  cautiously 
applied  in  a proper  furnace  or  muffle,  till  it  is  found,  on  brushing  off  the 
oxide,  that  the  surface  beneath  has  acquired  its  proper  hue.  “ The  red 
oxide  of  iron  is  thus  reduced  to  protoxide,  2Cu,  and  Fe2  03,  giving  Cu2  0 
and  2FeO:  this  last  is  removed  by  digestion  in  a boiling  solution  of  ace- 
tate of  copper."'  (Kane.)  (2.)  2 parts  of  verdigris  and  I of  sal-ammo- 
niac are  dissolved  in  vinegar : the  solution  is  boiled  in  a pipkin,  skimmed, 
and  diluted  Avitli  AA^ater  till  it  only  tastes  slightly  of  copper  and  ceases 
to  deposit  a Avhite  precipitate ; it  is  then  poured  into  another  pipkin  or 
copper  pan,  and  rapidly  brought  to  boil,  and  the  medal,  previously  ren- 
dered bright,  and  j)erfectly  clean,  is  dipped  into  the  boiling  solution, 
AA'hich  may  be  most  conveniently  done  by  placing  it  in  a small  perforated 
copper-ladle  or  Avire-colander  made  for  the  purpose:  the  surface  of  the 
medal  becomes  at  first  black  or  dark-blue,  and  then  (in  about  5 minutes) 
acquires  the  desired  broAvn  tint;  it  must  then  be  instantly  AvithdraAvn, 
(otherwise  it  changes  color,)  and  Avashed  in  a stream  of  Avater  so  as  per- 
fectly to  remove  all  soluble  matter  from  its  surface;  and  lastljq  very  care- 
fully Aviped  and  dried.  The  medal  is  generally  perfected  by  afterAvards 
giving  it  one  gentle  pinch  between  the  dies,  in  the  coining-press.  When 
there  are  many  medals,  each  must  be  done  separately,  as  they  must  not 
be  alloAved  to  touch  each  other,  and  care  should  be  taken  to  rest  them 
upon  as  feAV  points  of  contact  as  possible.  The  bronzing-liquid  also  must 
not  be  suffered  to  concentrate  by  eAmporation,  but  must  be  diluted  if 
necessary,  so  as  to  keep  it  in  a proper  state,  and  especially  to  avoid  all 
appearance  of  a Avhite  precipitation  in  it.  It  is  better  that  the  process 
should  be  too  sloAvly  than  too  rapidly  effected.  Medals  and  voltatypes 
may  also  be  bronzed  by  covering  their  surface  Avith  plumbago,  heating 
them  to  dull  redness,  and  then  brushing  the  surface  till  it  acquires  the 
desired  tint. 

Native  Oxide  of  Copper,  or  Puhy  Copper,  is  of  a red  or  steel-grey 
color,  soft  and  brittle,  and  occurs  massive,  and  crystallized  in  octohedra, 
dodecahedra,  and  cubes.  Its  specific  gravity  is  5 6 to  6.  There  is  a beau- 
tiful variety  in  fine  caynllai'p  crystals;  and  another,  Avhich  is  compac 
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earthy,  and  contains  more  or  less  peroxide  of  iron,  called  Tile  Ore.  Coni’ 
Avail  abounds  in  fine  specimens  of  this  ore. 

Protoxide  of  Copper.  CliO.  (1.)  When  copper  is  exposed  to 
heat  and  air,  its  surface  tarnishes,  acquiring  a yellow  and  then  a violet 
color,  and  at  a high  temperature  black  scales  form  upon  it,  which  are 
thrown  off  on  plunging  it  into  Avater,  or  Avhich  fly  off  as  it  cools,  in  con- 
sequence of  the  comparatively  rapid  contraction  of  the  metal.  When 
these  scales  are  reduced  to  a fine  poAvder,  and  stirred  in  contact  of  air  at 
a red-heat,  they  yield  the  protoxide  of  copper.  (2.)  When  nitrate  of 
copper  is  exposed  to  heat  gradually  raised  to  redness,  it  fuses  and  is 
decomposed,  and  ultimately  this  oxide  remains. 

Protoxide  of  copper  is  black,  or  bluish,  or  broAvnish-black;  its  specific 
gravity  is  6'4.  Before  the  bloAV-pipe,  it  fuses  Avhen  intensely  heated  by 
the  tip  of  the  flame,  upon  charcoal:  by  the  interior  of  the  flame  it  readily 
affords  a globule  of  metal.  It  is  generally  stated  that  Avhen  heated  alone 
it  loses  no  oxygen,  but,  according  to  Favre,  it  fuses  at  a temperature 
approaching  that  at  Avhich  copper  melts,  and  loses  8 cent,  of  oxygen, 
and  is  converted  into  a suboxide  = Cu5  03.  {Comples  Eenclus^  April, 
1844.)  It  is  easily  and  rapidly  decomposed  at  a dull  red-heat,  or  eA^en 
beloAv  it,  by  hydrogen ; at  the  same  temperature,  also,  carbon  speedily 
reduces  it,  and,  if  the  mixture  be  in  jiroper  proportions  and  suddenly 
heated,  a kind  of  deflagration  takes  place ; it  is  also  decomposed  Avhen 
heated  in  contact  Avith  organic  substances,  converting  their  hydrogen  into 
Avater,  and  their  carbon  into  carbonic  acid;  hence  its  use  in  their  analysis; 
it  is  very  hygrometric,  and  if  Aveighed  Avhilst  hot,  augments  in  Aveight 
after  cooling,  in  consequence  of  the  absorption  of  aerial  moisture.  It  is 
insoluble  in  Avater,  but  it  dissolves  in,  or  combines  Avith,  the  greater  num- 
ber of  the  acids,  and  is  the  basis  of  all  the  common  salts  of  copper. 
When  alkalis  are  dropped  into  its  solutions,  they  throAv  it  doAvn  as  a bulky 
blue  hydrate.,  AAdiich,  hoAvever,  is  not  permanent  at  a boiling  heat,  but 
becomes  black  and  anhydrous.  This  oxide  of  copper  is  not  soluble  in  the 
liquid  fixed  alkalis;  (soluble  to  a small  extent,  and  under  certain  circum- 
stances, according  to  Proust  and  ChodneAv.  Chem.  Gaz..,  f843;) 

but  Avhen  carbonate  of  potassa  or  of  soda  are  fused  Avith  it,  it  expels  car- 
bonic acid,  and  combines  to  form  a blue  or  green  compound.  Its  combi- 
nation Avith  ammonia  Avill  presently  be  noticed.  It  communicates  a 
green,  and  sometimes  a blue  tint  to  vitreous  compounds;  and  Sir  II. 
Davy  has  shoAvn  that  it  is  the  basis  of  certain  colors  used  by  the  ancients, 
Avhich  had  been  supposed  to  contain  cobalt.  {Phil.  Trans. ^ I8J5.)  It 
consists  of 

Proust.  Berzelius.  Gay  Lussac. 

Copper  1 ....  32  ....  80  ....  00  ....  80-13  ....  80-28 

Oxygen  1 ....  8 ....  20  ....  20  ....  19-87  ....  19-72 

Protoxide  of  copper  1 40  100  100  100-00  100  00 

This  oxide  is  sometimes  considered  as  a dcutoxide.,  and  the  dioxide  as 
a protoxide:  in  this  case  64  becomes  the  equivalent  of  copper;  but  the 
dioxide  has  such  feeble  basic  poAvers  and  is  so  unstable,  that  it  can  scarcely 
be  regarded  as  the  true  protoxide,  or  compound  containing-  single  atoms  of 
its  components:  it  may  also  be  observed,  (1.)  That  the  general  characters 
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of  a suboxide  belong  to  the  red  oxide;  (2.)  That  the  equivalent  of  copper 
deduced  from  its  specific  heat  (p.  62)  is  about  32;  and  (3.)  that  the 
salts  of  the  black  oxide  of  copper  are  isomorphous  with  those  of  the  prot- 
oxide of  iron;  which  gives  a strong  presumption  that  those  oxides  pos- 
sess the  same  atomic  constitution.  (Turner.)  (4.)  To  these  arguments 
it  may  be  added,  that  the  electro-chemical  equivalent  of  copper  appears 
to  be  32, 

Hydrated  Protoxide  of  Copper,  CuO,HO,  as  thrown  down  from  a 
solution  of  sulphate  of  copper  by  dilute  potassa  or  soda,  is  at  first  of  an 
agreeable  blue  color,  but  this  soon  changes  to  green,  especially  if  it  be 
dried:  it  sustains,  when  dry,  a temperature  of  212°  without  decomposi- 
tion, but  a little  above  that  it  becomes  discolored:  when  boiled  in  the 
liquor  from  which  it  has  been  precipitated,  or  when  a solution  of  copper 
is  added  to  a boiling  solution  of  soda  or  potassa,  it  becomes  anhydrous 
and  nearly  black.  Alcohol  does  not  decompose  it.  When  this  hydrated 
oxide  of  copper  is  used  as  a pigment,  or  color  for  paper-staining,  it  is 
rendered  more  permanent  by  mixing  it  with  glue  or  size,  and  chalk  or 
alumina  are  also  generally  added  : it,  however,  soon  acquires  a green 
tinge.  Dumas  gives  the  following  process  for  preparing  a blue  color 
with  this  hydrate  : 6 parts  of  sulphate  of  copper  and  3 parts  of  chloride 
of  calcium  are  dissolved  in  separate  portions  of  water  ; the  solutions  are 
then  mixed,  and  when  the  sulphate  of  lime  has  subsided  the  solution  of 
chloride  of  copper  is  poured  off  and  mixed  with  cream  of  lime,  contain- 
ing parts  of  quicklime : the  mixture  is  well  agitated,  and  the  greenish 
precipitate  which  falls,  and  which  is  an  oxichloride  of  copper,  being  well 
drained,  is  ground  up  with  a fourth  part  of  lime  and  a fourth  part  of 
potash  of  commerce,  so  as  to  form  a mixture  of  proper  consistency. 
When  this  paste  is  put  into  bottles,  a fourth  part  of  sal-ammoniac  and 
half  a part  of  sulphate  of  copper  are  added  to  improve  the  color,  which, 
however,  cannot  be  depended  on,  as  it  is  apt  to  become  green  when  dry, 
so  that  it  is  generally  sold  in  the  form  of  paste,  to  avoid  the  risk  of 
desiccation. 

Copper  and  Chlorine.  Gaseous  chlorine  acts  upon  finely-divided 
copper  with  great  energy,  and  produces  two  chlorides;  the  one  a compa- 
ratively fixed  fusible  substance,  which  is  the  dichloyide : the  other  a 
yellow  substance,  which  is  a protochloride. 

Dichloride  of  Copper,  Cu2  Cl,  was  first  described  by  Boyle  in 
1666,  under  the  name  of  Resin  of  Copper.  It  was  afterwards  examined 
by  Proust,  who  called  it  White  Muy'iate  of  Copper.  (^Ann.  de  Chim.^ 
xxviii.  218.)  It  may  be  obtained  by  exposing  copper  filings  to  the  action 
of  chlorine  not  in  excess:  or  by  evaporating  the  solution  of  dioxide  of 
copper  (or  of  1 atom  of  metallic  copper  and  1 of  protoxide)  in  hydro- 
chloric acid,  and  heating  the  residue  in  a vessel  with  a very  small  orifice; 
or  by  heating  the  protochloride  in  the  same  way.  It  is  also  the  residue 
of  the  distillation  of  a mixture  of  2 parts  of  corrosive  sublimate  and  1 of 
copper  filings.  When  protochloride  of  tin  is  added  to  any  of  the  soluble 
salts  of  copper,  or  when  protochloride  of  copper  and  sugar  are  boiled  in 
water,  this  dichloride  is  also  formed.  It  is  insoluble  in  water,  but  soluble 
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in  Iiydrocliloric  acid,  from  which  potassa  throws  down  the  hydrated 
dioxide : when  water  is  added  to  its  hydrochloric  solution,  it  is  thrown 
down  in  the  form  of  a white  granular  hydrate  : its  color  varies,  being 
generally  dark-hrown  when  fused,  hut  if  slowly  cooled,  it  is  yellow, 
translucent,  and  crystalline ; when  in  fine  division  it  is  white  : it  must 
be  preserved  out  of  contact  of  air.  By  nitric  acid  it  is  first  rendered  blue 
and  then  green ; it  is  not  affected  by  dilute  sulphuric  acid  : with  am- 
monia it  forms  a colorless  solution  extremely  susceptible  of  change  by 
air,  and  then  becoming  deep  blue.  It  consists  of 

J.  Davy. 

Copper  2 ....  64  ....  64 

Chlorine 1 ....  36  ....  36 

Dichloride  of  copper  1 100  100 

When  moistened  dichloride  of  copper  is  exposed  to  air,  it  acquires  a 
green  color,  and  becomes  converted  into  a compound  of  chloride  and 
oxide  of  copper,  which  has  been  termed  Suhmuriaie  of  copper^  or  Bruns- 
wich  green;  the  same  compound  may  be  formed  by  adding  hydrated 
oxide  of  copper  to  a solution  of  the  chloride  ; or  by  exposing  to  the 
atmosphere  slips  of  copper  partially  immersed  in  hydrochloric  acid.  This 
compound  consists,  according  to  John  Davy,  of  4 atoms  of  protoxide  of 
copper,  1 of  hydrochloric  acid,  and  3 of  water. 

Chloride  op  Copper.  Protochloride  of  Copper,  CuCl,  may  be 
formed  by  heating  copper  filings  in  excess  of  chlorine,  or  by  dissolving 
protoxide  of  copper  in  hydrochloric  acid,  and  evaporating  to  dryness  by  a 
heat  below  400°.  Dumas  obtains  it  by  decomposing  sulphate  of  copper 
by  chloride  of  calcium  : the  sulphate  of  lime  is  separated  by  filtration, 
the  solution  is  then  evaporated  to  the  consistence  of  syrup  and  mixed 
with  alcohol,  which  dissolves  the  chloride  without  touching  the  sulphate. 

Protochloride  of  copper  is  brown  or  yellowish  when  dry  and  anhy- 
drous, but  becomes  blue  by  exposure  to  air;  it  is  soluble  in  water  and 
alcohol  and  very  difficultly  crystallizable.  The  prismatic  crystals  are 
CuCl,2HO.  Exposed  to  a red-heat  in  a tube  with  a very  small  orifice, 
gaseous  chlorine  is  expelled,  and  it  becomes  a dichloride.  AVhen  it  is 
acted  upon  by  potassa  not  added  in  excess,  and  only  so  as  partially  to 
decompose  it,  a green  oxichloride  is  thrown  down,  being,  according  to 
Dumas,  identical  with  the  native  compound.  This  chloride  consists  of 

J.  Davy. 

Copper 1 ....  32  ....  47  ....  47 

Chlorine  1 ....  36  ....  53  ....  53 

Protochloride  of  copper 1 68  100  100 

Oxichloride  of  Copper,  3CuO,CuC1,4HO,  is  found  nalive  in  Peru 
and  Chili,  sometimes  in  the  form  of  green  sand,  and  sometimes  massive 
and  crystallized.  The  green  sand  was  first  found  in  the  river  Lipas,  in  the 
desert  of  Atacama,  separating  Peru  from  Chili ; hence  mineralogists  have 
termed  this  variety  Alacamile.  Chloride  of  copper  has  also  been  found 
upon  some  of  the  lavas  of  Yesuvius.  The  primitive  form  of  this  sub- 
stance is  an  octohedron.  It  is  of  a deep-green  color,  and  contains,  accord- 
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ing  to  Dr.  Davy’s  analysis,  78  of  oxide  of  copper,  16*2  of  liydrocliloric 
acid,  and  10’8  of  water  ; but,  according  to  Dumas, 

Protoxide  of  copper  3 ....  120  ....  63‘5 

Protocliloride  of  copper  1 ....  G8  ....  30’5 

Water  4 ....  36  ....  16‘0 

Native  oxicliloride  of  copper 1 224  100  0 

Several  other  combinations  of  oxide  and  chloride  of  copper  with 
variable  proportions  of  water  have  been  described.  Dr.  Kane  observes 
that  the  compound  thrown  down  from  the  solution  of  chloride  of  copper 
by  an  alkali  (and  called  P>runswick  green?)  iszzr  CuC],3CuO,IIO,  and  that 
there  are  two  other  oxichlorides  having  the  formuhc  CuC],2CuO,3HO, 
and  CuCl,4CuO,6IIO,  prepared  by^  the  decomposition  of  the  ammoniacal 
chlorides  of  copper. 

Ammonio-chlorides  of  Copper.  (1.)  3NIl3,CuCl,  is  the  result 
of  the  absorption  of  gaseous  ammonia  by  protochloride  of  copper : it 
forms  a bulky  blue  powder  which  when  heated  evolves  ammonia, 
then  fuses,  sal-ammoniac  sublimes,  and  dichloride  of  copper  remains. 
(Faraday.  II.  Rose.)  (2.)  2NH3,CuCI.  When  gaseous  ammonia  is 
passed  through  a hot  saturated  solution  of  protochloride  of  copper  till 
the  first  formed  precipitate  is  redissolved,  small  dark-blue  octohedral 
crystals  are  deposited  on  cooling,  which  are  2NH3,CuCl,HO.  (Kane.) 
(3.)  NH3,CuC1,  formed  when  either  of  the  preceding  compounds  is 
heated  to  300°.  At  higher  temperatures  nitrogen,  ammonia,  and  sal- 
ammoniac  are  evolved,  and  dichloride  remains  : 6NH3,CuClr=:3[Cu2  Cl] 
-)-3[NH3,HC1]  -f  2NH3-1-N.  (Kane.)  (4.)  When  a concentrated 
aqueous  solution  of  sal-ammoniac  and  protochloride  of  copper  in  single 
atomic  equivalents  is  cooled  till  it  crystallizes  (or  crystallized  by  evapora" 
tion  in  vacuo?)  it  gives  green  octohedral  crystals  z=:  NH4  Cl, CuCl,2HO. 
(Mitscherlich.)  The  dilute  aqueous  solution  of  this  salt  deposits  a 
green  powder,  and  becomes  acid.  It  is  soluble  in  alcohol  Avithout  decom- 
position. (Cass  and  Henry,  Journ.  de  Pkann,^  xxiii.) 

Potassio-chlorides  OF  Copper.  (1.)  2KCl,Cu2  Cl.  This  compound 
of  2 atoms  of  chloride  of  potassium  with  1 of  dichloride  of  copper  is 
obtained  in  anhydrous  octohedral  crystals,  by  boiling  the  dichloride  in  a 
little  water,  adding  chloride  of  potassium  till  the  Avhole  dissolves,  and 
cooling  in  a close  vessel.  (Mitscherlich.)  (2.)  KC],CuCl,2HO  is  de- 
posited in  octohedral  crystals  by  cooling  a hot  concentrated  solution  of 
protochloride  of  copper  and  chloride  of  potassium : they  are  soluble  in 
water  and  alcohol. 

Chlorate  of  Copper,  CuO,C105,  is  a blue-green  deliquescent  salt, 
difficultly  crystallizable,  formed  by  dissolving  oxide  of  copper  in  chloric 
acid.  A piece  of  paper  dipped  into  its  solution,  burns  Avith  a remarkably 
green  flame.  (Yauqueltn.)  This  salt  is  formed,  according  to  CheneAux, 
by  passing  chlorine  through  a mixture  of  oxide  of  copper  and  AAmter. 
Waechter  obtained  it  by  mixing  equivalents  of  sulphate  of  copper  and 
chlorate  of  baryta,  and  evaporating  the  filtered  solution  OAmr  sulphuric 
acid  in  vacuo  ; a dark-green  liquid  Avas  obtained  AA’hich  required  an  in- 
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tense  cold  for  solidification,  and  gave  indistinct  octoliedrons  (Cu0,C105, 
6110,)  very  deliquescent  and  soluble  in  alcohol,  fusing  at  149%  and  de- 
composed at  a somewhat  higher  temperature  into  a basic  chlorate,  and 
ultimately  into  chlorine,  oxygen,  and  oxide  of  copper. 

Perchlorate  of  Copper.  Cu0,C107,  obtained  by  dissolving  oxide 
of  copper  in  aqueous  perchloric  acid,  yielded  blue  deliquescent  crystals 
soluble  in  alcohol.  (Serullas,  Ann.  Ch.  et  Ph.^  xLvi.  306.) 

SuBioDTDE  OF  CoppER.  Diniodide  OF  CoppER.  Cu2 1.  When  iodide 
of  potassium  is  added  to  a solution  of  the  protosulphates  of  copper  and 
iron,  both  in  crystals,  in  the  ratio  of  1 to  2%  the  protoxide  of  iron  takes 
the  oxygen  of  the  oxide  of  copper,  and  the  iodine  the  metallic  copper, 
with  which  it  forms  a white  precipitate  of  the  diniodide ; it  may  be  dried 
in  close  vessels.  (Turner.)  When  iodide  of  potassium  is  added  to  a 
salt  of  protoxide  of  copper,  iodine  is  set  free,  and  a brown  subiodide  falls. 

Proliodide  of  copper  has  not  been  obtained,  for  when  iodine  and  finely- 
divided  copper  are  heated  together,  it  is  the  subiodide  only  which  is 
formed;  but  with  ammonia  and  with  potassium  double  salts  are  pro- 
duced, containing  a protlodide,  giving  2NH4  0,CuI,  and  KI,CuT. 

loDATE  OF  Copper.  Cu0,I05.  When  solution  of  iodate  of  potassa 
is  added  to  solutions  of  copper,  a difficultly  soluble  lodale  of  copper  is 
thrown  down.  It  dissolves  in  ammonia,  forming  a crystallizable  double 
salt.  There  appear  to  be  other  iodates  of  copper,  the  composition  of 
which  has  not  been  clearly  determined.  (Millon.  Ann.  Ch.  et  Ph..^ 
ix.  424.) 

Periodate  of  Copper.  Cu0,I07.  Periodate  of  potassa  throws  down 
a green  precipitate  when  added  to  solution  of  nitrate  of  copper. 

Dibromide  of  Copper.  Cu2  Br.  Copper  presents  the  same  phe- 
nomena with  bromine  as  with  chlorine ; the  dibromide  is  insoluble  in 
water,  but  soluble  Avithout  decomposition  in  hydrochloric  acid:  sulphuric 
acid  has  no  action  on  it.  Heated  in  a tube  it  is  not  decomposed,  but  in 
the  air  it  gives  off  vapors  which  color  flame  green,  and  oxide  of  copper 
remains.  Ammonia  dissolves  it  and  yields  a crystallizable  ammonio- 
brornide.  It  is  soluble  in  hydrobromic  acid;  the  solution  is  colorless,  and 
gives  a precipitate  of  metallic  copper  Avhen  a solution  of  protosulphate 
of  iron  is  added  to  it.  Cu2Br  -j-  3[Fe0,S03]  — 2Cu  + FeBr  + Fe2  03 
3S03. 

Protobromide  of  Copper,  CuBr,  is  formed  by  dissolving  protoxide 
of  copper  in  hydrobromic  acid  ; the  solution  is  green,  but  becomes  broAvn 
by  evaporation  and  yields  acicular  crystals  extremely  deliquescent^  Cu 
Br,5II0.  Evaporated  to  dryness  it  acquires  a grey  metallic  lustre  like 
plumbago.  (Serullas.)  There  are  two  ammonio-bromides  of  copper, 
namely,  5Xn3,2CuBr,  and  3NIl3,2CuBr.  (Rammelsberg.  Poggend.) 

Broaiate  of  Copper,  CuO,BrO,''),oIIO.  Green  crystals  obtained  from 
a solution  of  hydrated  oxide  in  bromic  acid.  Dissolved  in  ammonia  and 
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precipitated  Ly  alcohol,  a blue  crystalline  precipitate  falls— 2NH3,CuO, 
Br05.  (Rammelsberg.) 

Fluorides  of  Copper.  When  hydrated  dioxide  of  copper  is  added 
to  hydrofluoric  acid,  and  evaporated  out  of  the  contact  of  air,  a fusible 
compound  of  a black  color  while  hot,  hut  becoming  red  as  it  cools,  is 
obtained,  which  is  a difluoride  of  copper.  It  forms  a dark  solution  in 
hydrofluoric  acid,  and  is  precipitated  white  by  water,  but  becomes  red 
when  collected  upon  a filter.  It  is  permanent  when  dry,  but  when  moist 
it  becomes  by  exposure  to  air  first  a yellow  mixture  of  protofluoride  and 
hydrated  dioxide,  2Cu2  F + Orr;2CuF  + Cu2  O,  and  this  passes  into  a 
green  oxifluoride  of  copper,  2CuF  + Cu2  O,  + 0==2[[CuF,Cu0.] 

When  hydrated  oxide  or  carbonate  of  copper  are  dissolved  in  hydro- 
fluoric acid,  small  blue  crystals  maybe  obtained  on  evaporations  CuF, 
2HO  : they  are  difficultly  soluble  in  cold  water,  and  are  resolved  by 
boiling  into  an  acid  salt  which  remains  in  solution  and  an  insoluble  basic 
compound— CuFjCuO, HO;  or  2CuO,HF,  (Berzelius,  as  quoted  by 
Gmelin.) 

Copper  and  Hydrogen.  Hydruret  of  Copper,  Cu2  H.  A mixed 
solution  of  sulphate  of  copper  and  hypophosphorous  acid  heated  to  about 
160°,  gives  a brown  precipitate  composed  of  98*78  copper,  1*22  hydrogen. 
When  heated  it  gives  off  hydrogen:  it  burns  in  chlorine;  and  with 
hydrochloric  acid  it  evolves  a double  volume  of  hydrogen,  forming 
dichloride  of  copper,  (Wurtz.  Comptes  Rendus^  xviii.  702.) 

Copper  and  Nitrogen.  Nitruret  of  Copper.  Cu6  N.  It  was 
long  ago  observed  by  Thenard,  that  ammonia  "passed  over  red-hot  copper 
wire  was  decomposed,  and  that  the  metal  became  at  the  same  time  pecu- 
liarly brittle.  Savart  afterwards  remarked  that  the  copper  sustained  a 
sensible  increase  of  weight  and  diminution  of  sp.  gr.  Ch.  et  Ph.^ 

XXXV.  326.)  Despretz  found  the  sp.  gr.  of  the  copper  reduced  to  5*5, 
its  texture  crystalline,  and  its  surface  iridescent.  {Ann.  Ch.  et  Ph.^  xuii. 
122.)  Pfatf  observed,  that  on  decomposing  ammonia  by  passing  it  over 
ignited  copper,  the  resulting  nitrogen  and  hydrogen  were  not  to  each 
other  as  25  to  75,  but  as  14  to  86,  and  suspected,  therefore,  that  a part 
of  the  nitrogen  must  have  been  retained  by  the  copper,  {Poggend^  xuii., 
184;)  hut  Schrdtter  could  not  detect  this  diminution.  {Ann.  der  Pharm..^ 
xxxvii.  131.)  Grove,  by  electrizing  certain  metals  in  solution  of  sal- 
ammoniac,  found  the  negative  metal  changed  in  properties,  and  ascribed 
this  to  combined  nitrogen ; copper  thus  treated  became  brown,  its  sp.  gr. 
was  reduced  to  5*9,  and  10  grains  of  it  yielded  0*214  cub.  in.  of  nitrogen 
gas.  {Phil.  Mag.  xix.) 

When  dry  ammonia  is  passed  over  pure  oxide  of  copper  heated  in  an 
oil-hath  to  482°  for  eight  hours,  or  till  water  is  no  longer  evolved,  nitrogen 
is  set  free,  and  a green  powder  is  found  in  the  tube;  [at  higher  temper- 
atures the  only  result  is  metallic  copper.]  The  green  powder  was  re- 
moved, rubbed  down  in  a mortar,  and  again  submitted  to  the  action  of 
the  gaseous  ammonia,  and  after  having  been  digested  in  a mixture  of 
caustic  and  carbonated  ammonia  to  separate  suboxide,  it  was  of  a grey 
color,  and  gave  7 p^r  cent,  of  nitrogen.  (Schrotter.)  Heated  in  the  air, 
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it  ignites  at  570°,  and  gives  off  nitrogen.  In  oxygen,  it  burns  at  a lower 
temperature  : with  chlorine  it  gives  chloride  of  copper  and  nitrogen.  In 
its  production,  it  appears  that  6CuO -f  2NII3  give  CuG  N, + 6110, +N, 
(Gmelin,)  its  composition  being 


Schrotter. 

Copper  6 ....  192  ....  93-2  ....  92-7G 

Nitrogen  1 ....  14  ....  68  ....  7’24 


Nitruret  of  copper  1 200  100*0  100*00 


Nitrate  of  Copper.  Cu0,N05,3H0.  Nitric  acid  diluted  with  3 
parts  of  water  rapidly  oxidizes  copper,  evolving  nitric  oxide,  and  ulti- 
mately forming  a bright-blue  solution,  which  affords  deliquescent  pris- 
matic crystals  on  evaporation,  of  a line  blue  color,  caustic,  and  very 
soluble  in  water  and  in  alcohol.  They  liquify  at  a temperature  below 
212°;  at  a higher  temperature  they  lose  water  and  acid,  becoming  a 
suhnitrate^  and  are  entirely  decomposed  at  a red-heat,  leaving  protoxide 
of  copper.  They  consist  of 


Oxide  of  copper 

1 .. 

..  40  . 

...  33*06 

Nitric  acid 

1 .. 

..  54  . 

...  44*63 

Water  

3 .. 

..  27  . 

...  22*31 

Prismatic  nitrate  of  copper 

1 

121 

100*00 

low  temperatures  this  salt 

sometimes 

crvstall 

izes  in  rhomboidal 

plates,  which  contain  6 atoms  of  water,  but  these  effloresce  into  the  terhy- 
drate  in  vacuo  over  oil  of  vitriol,  and  all  attempts  at  its  further  dehy- 
dration lead  to  decomposition,  so  that  anhydrous  nitrate  of  copper  cannot 
be  obtained.  Potassa  forms,  in  the  solution  of  this  nitrate,  a bulky 
blue  precipitate  of  hydraled  oxide  of  copper^  which,  as  already  observed, 
when  boiled  in  potassa  or  soda,  becomes  black  from  the  loss  of  its  com- 
bined water.  When  nitrate  of  copper  is  coarsely  powdered,  sprinkled 
with  a little  water,  and  quickly  rolled  up  in  a sheet  of  tin-foil,  there  is 
great  heat  produced,  nitrous  gas  is  rapidly  evolved,  and  the  metal  often 
takes  fire.  (Higgins,  Phil.  Trans..,  Lxiii.)  If  ammonia  be  added  to  solu- 
tion of  nitrate  of  copper,  it  occasions  a precipitate  of  the  hydrated  oxide  ; 
but  if  it  be  added  in  excess,  the  precipitate  is  redissolved,  and  an  ammonio- 
niirate  is  produced.  AVhen  solutions  of  nitrate  of  copper  and  chloride 
of  sodium  are  mixed  at  common  temperatures,  the  mixture  remains  blue, 
and  no  decomposition  ensues;  but 
on  raising  its  temperature  to  212°, 
it  becomes  of  a vivid  green,  indi- 
cating the  formation  of  chloride  of 
copper;  on  again  cooling,  the  blue 
color  returns,  and  this  interchange 
of  elements  may  be  repeated  any 
number  of  times.  On  evaporating 
the  mixed  solutions  to  a small  bulk, 
chloride  of  copper  is  permanently 
formed,  and  rhomboidal  crystals  of 
nitrate  of  soda  are  deposited.  In 
the  annexed  diagram  the  vertical  brackets  point  to  the  state  of  the  salts 
at  60°,  and  the  horizontal  to  that  at  212°. 


Nitrate  of  Soda 
at  212°. 


Nitrate  of 
Oxide  of 
Copper 
at  60°. 


Nitric  acid.  , c.  j. 

„ 4- Sodium. 

Oxygen.  ' 


Chloride 

of 

Sodium 
at  60°. 


Copper.  -|-  Chlorine. 


Chloride  of  Copper 
at  212°. 
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Subnitrate  of  Copper.  3Cu0,N05,H0.  When  tlie  neutral  nitrate 
of  copper  is  exposed  to  a temperature  between  500^  and  600°,  or  when 
alkali  is  added  to  a solution  of  that  salt,  in  quantity  insufficient  for  com- 
j)iete  decomposition,  this  suhiiitrate  is  obtained  in  the  form  of  an  in- 
soluble green  powder  (h'isnitrate.)  ‘‘  When  oxide  of  copper  is  drenched 
with  the  most  concentrated  nitric  acid,  it  is  this  subsalt,  singular  as  it 
may  appear,  which  is  formed,  even  when  the  acid  is  in  great  excess : the 
reason  seems  to  be,  that  the  nitrate  of  water,  being  deficient  in  constitu- 
tional water,  assumes  3 atoms  of  oxide  of  copper  in  its  place.”  (Graham.) 
(^Graham’s  views  in  reference  to  the  basic  and  constitutional  water  of 
nitric  acid  (sp.  gr.  I’42)  and  of  the  “magnesian  nitrates,”  including 
those  of  oxide  of  copper,  will  be  found  in  his  Elements  of  Chemistry^ 
p.  296.] 

Ammonia  and  Oxide  of  Copper.  AYhen  copper  filings  are  digested 
in  aqueous  ammonia  exposed  to  air,  the  solution  soon  becomes  blue  : if 
air  be  then  excluded,  it  gradually  loses  color,  but  again  acquires  a blue 
color  on  the  contact  of  air : in  the  blue  liquor  the  copper  exists  as  prot- 
oxide; in  the  colorless  liquor  as  dioxide.  (Bergmann.)  If  a tall  glass 
jar  be  filled  with  liquid  ammonia  and  a few  drops  of  solution  of  dioxide 
of  copper  (protochloride)  added,  the  surface  becomes  blue,  but  it  remains 
colorless  below. 

The  solution  of  the  protoxide  of  copper  in  ammonia  is  obtained  by 
exposing  copper  filings  in  solution  of  ammonia  to  air,  or  by  dissolving 
the  hydrated  oxide  in  ammonia  : it  is  of  a splendid  deep-blue  color ; 
phosphorus  and  zinc  decompose  it,  and  copper  is  precipitated;  sul- 
phurous acid  throws  down  the  greater  part  of  the  copper  in  the  state  of 
suboxide  ; potassa  separates  the  hydrated  oxide,  which  also  falls  when 
the  deep-blue  liquor  is  very  largely  diluted  with  w^ater  : at  a boiling  heat 
the  black  oxide  falls. 

According  to  Berzelius,  when  carbonic  and  all  other  acids  are  entirely 
excluded,  aqueous  ammonia  scarcely  dissolves  dry  oxide  of  copper,  but  the 
addition  of  a minute  portion  of  any  ammoniacal  salt  renders  it  active. 
No  definite,  or  crystalline  compound  of  ammonia  and  oxide  of  copper  can 
be  obtained.  Level  proposes  to  apply  the  reduction  by  copper  of  the 
ammoniacal  protoxide  to  the  quantitative  determination  of  metal  in  cupre- 
ous salts.  {An7i,  Ch.  ei  Ph..^  3rd  Ser.,  iv.  38.1.) 

Ammonio-nitrate  of  Copper.  AVhen  a hot  and  strong  solution  of 
nitrate  of  copper  is  decomposed  by  excess  of  ammonia,  and  allowed  to 
cool,  this  salt  crystallizes  in  anhydrous  rhombic  octohedrons  of  a purple 
color  — 2NH3,Cu0,N05  ; Kane  represents  this  salt  by  the  formula 
Cu,NIl2, -1-NH40,N05,  that  is,  as  a compound  of  amidide  of  copper 
with  nitrate  of  oxide  of  ammonium. 

Copper  and  Sulphur.  Disulphuret  of  Copper,  Cu2S,  may  be 
formed  artificially,  by  heating  a mixture  of  copper  filings  and  sulphur: 
as  soon  as  the  latter  melts,  a violent  action  ensues,  the  copper  becomes 
red-hot,  and  a black  brittle  compound  is  formed,  sp.  gr.  5*97.  It  may 
also  be  produced  by  fusing  sulphur  with  oxide  of  copper.  According  to 
Wintclblech,  when  64  parts,  or  2 atoms  of  finely-divided  copper,  obtained 
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by  the  reduction  of  carbonate  of  copper  by  hydrogen,  and  16  parts,  or  1 
atom  of  dry  and  finely-divided  sulphur,  (precipitated  sulphur  dried  over 
oil  of  vitriol,)  are  carefully  rubbed  together,  they  combine  with  ignition 
to  form  this  disulphuret : if  the  atomic  weights  are  not  very  accurately 
adhered  to,  the  experiment  fails.  {Ann.  der  Pliann,,  xxi.  34.) 

Disulphuret  of  copper  is  difficultly  soluble  in  boiling  hydrochloric  acid, 
yielding  a solution  of  dichloride  of  copper,  and  evolving  sulphuretted 
hydrogen.  '^Varm  nitric  acid  dissolves  it  with  the  separation  of  sulphur: 
cold  nitric  acid  abstracts  half  the  copper,  and  leaves  protosulphuret.  It  is 
soluble  in  hydrochloric  acid,  with  the  evolution  of  sulphuretted  hydrogen; 
and  ill  nitric  acid,  with  the  separation  of  sulphur.  It  consists  of 


Klaproth. 

Berzelius.  Vauquelin,  Native. 

Copper 2 ....  G4  ....  80  ....  70-73  ....  78-GO  ....  7G-5 

Sulphur  1 ....  IG  ....  20  ....  20-27  ....  21-31  ....  22* 


Disulphuret  of  copper  1 80  100  100-00  100-00  08  5 

ISative  Disulphuret  of  Copper.  Vitreous  Copper.  This  ore  of  copper 
is  chiefly  found  in  primitive  countries.  In  England,  it  occurs  in  great 
beauty,  crystallized  and  massive,  in  Cornwall,  and  in  Yorkshire.  Its 
color  is  grey;  its  lustre  shining  and  metallic;  and  it  yields  easily  to  the 
knife.  Its  sp.  gr.  5*69  to  5 73.  Its  primitive  form  is  a six-sided  prism, 
which  passes  into  the  dodecahedron  with  triangular  faces,  and  its  various 
modifications.  A variety  of  black  sulphuret  p/*  copper^  containing  iron 
and  arsenic,  has  been  described  by  W.  and  R.  Phillips,  under  the  name 
of  T ennantile ; its  most  ordinary  form  is  the  rhomboidal  dodecahedron, 
either  perfect  or  variously  modified.  {Quar,  Jour,  of  Science  and  Arts, 
vii.  95.) 

PnoTOSULPHURET  OF  CoppER.  CuS.  Tliis  compound  cannot  be  formed 
by  fusion,  but  it  is  thrown  down  when  sulphuretted  hydrogen  is  passed 
through  a solution  of  protoxide  of  copper:  the  precipitate  is  at  first  brown, 
but  becomes  black,  and  when  dried  assumes  a greenish  hue.  In  this 
state  it  reddens  moistened  litmus  paper,  and  when  heated  gives  off  a little 
water  and  sulphurous  aeid,  and  sulphur,  and  the  disulphuret  remains. 
It  may  also  be  obtained  by  digesting  finely-powdered  disulphuret  in  cold 
nitric  acid  till  the  action  ceases,  and  washing  the  residue:  it  remains  as  a 
greenish-black  powder.  (Faraday.)  It  sometimes  occurs  native,  asso- 
ciated with  disulphuret:  it  has  also  been  found  in  the  fumaroles  of 
Vesuvius:  it  is  a soft  black  or  bluish  amorphous  substance.  (Indigo- 
Copper.)  (CovELLi,  Ann.  Ch.  et  Ph.^  xxxv.  105.)  It  consists  of 


Copper  1 ....  32  ....  G6'67 

Sulphur  1 ....  IG  ....  33-33 


Protosulphuret  of  copper  1 48  lOO'OO 

Ferrosulpiiurets  of  Copper.  Copper  Pyrites.^  or  Yellow  Copper 
Ore,  is  the  most  important  and  generally  occurring  ore,  from  which  the 
largest  proportion  of  the  copper  of  commerce  is  derived ; it  occurs  in  a 
variety  of  forms,  its  primitive  crystal  being  the  regular  tetrahedron.  The 
British  mines  are  very  productive  of  this  ore.  A beautiful  iridescent 
variety  occurs  in  the  Ecton  mine  in  Staffordshire.  The  composition  of 
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the  different  varieties  of  copper  pyrites,  appears  in  all  cases  to  be  sulphur, 
copper,  and  iron,  but  their  atomic  constitution  is  not  very  evident.  The 
variegated  copper  Phillips  regards  as  a compound  of  1 atom  of  sulphuret 
of  iron  with  2 of  sulphuret  of  copper.  [Ann.  of  Phil.^  iii.  87.)  Yellow 
copper  ore  is  also  a double  sulphuret  of  iron  and  copper:  and,  omitting 
the  small  portion  of  lead  and  arsenic  with  which  it  is  usually  con- 
taminated, it  may  be  considered  as  a compound  of  2 atoms  of  sul- 
phuret of  iron  and  1 of  sulphuret  of  copper.  (Phillips,  Arm.  of  Phil., 
iii.  301.) 

Reduction  of  the  Sulphurets  of  Copper.  The  following  is  an  out- 
line of  the  processes  by  which  these  ores  of  copper  are  reduced,  as  carried 
on  upon  a very  large  scale  near  Swansea,  where  the  chief  part  of  the 
Cornish  ores  are  brought  to  the  state  of  metal.  The  ore,  having  been 
picked  and  broken,  is  heated  in  a reverberatory  furnace,  by  which  arsenic 
and  sulphur  are  driven  off.  It  is  then  transferred  to  a smaller  reverbe- 
ratory, where  it  is  fused,  a large  portion  of  the  sulphuret  of  iron  having 
been  converted  into  oxide,  which,  by  the  addition  of  silicious  sand,  forms 
a vitreous  slag:  this  is  occasionally  removed,  and  cast  into  oblong  masses, 
which  are  used  as  a substitute  for  bricks.  When  the  iron  is  thus  sepa- 
rated, the  sulphur  begins  to  burn  out  of  the  sulphuret  of  copper,  and  the 
copper  becoming  oxidized,  is  reduced  by  the  carbonaceous  matter.  The 
impure  metal  collected  at  the  bottom  of  the  furnace  is  then  granulated  by 
letting  it  run  into  water:  it  is  afterwards  remelted  and  granulated  two 
or  three  times  successively,  in  order  further  to  separate  impurities,  which 
are  chiefly  sulphur,  iron,  and  arsenic,  and  ultimately  cast  into  oblong 
pieces  called  pigs,  which  are  broken  up,  roasted,  and  melted  with  a 
portion  of  charcoal  in  the  refining  furnace.  Malleability  is  here  con- 
ferred upon  the  copper,  and  its  texture  improved,  by  stirring  the  metal 
with  a pole  of  green  wood,  generally  birch,  which  causes  great  ebullition 
and  agitation;  assays  are  occasionally  taken  out,  and  the  metal,  originally 
crystalline  and  granular  when  cold,  now  becomes  fine  and  close,  so  as  to 
assume  a silky  polish  when  the  assays  are  half  cut  through  and  broken. 
The  metal  is  now  cast  into  cakes  about  12  inches  wide  by  18  in  length. 
The  whole  process  of  refining  the  copper,  and  toughening  it  by  poling, 
requires  much  care  and  attention;  and  if  it  be  over-poled,  the  metal  is 
even  rendered  more  brittle  than  in  its  original  state.  The  effect  of 
poling  has  not  been  satisfactorily  explained:  it  may  consist  in  the  sepa- 
ration of  a small  portion  of  oxide  of  copper,  and  the  effect  of  over-poling 
may  possibly  depend  upon  the  combination  of  the  copper  with  a portion 
of  carbon.  Copper  for  brass-making  is  granulated  by  pouring  the  metal 
through  a perforated  ladle  into  water ; when  this  is  warm  the  copper 
assumes  a rounded  form,  and  is  called  hean-shot;  but  if  a constant  supply 
of  cold  water  is  kept  up  it  becomes  ragged,  and  is  feathered-shot. 

Another  form  into  which  copper  is  cast,  chiefly  for  exports  to  the  East 
Indies,  is  in  pieces  of  the  length  of  six  inches,  and  weighing  about  8 
ounces  each : the  copper  is  dropped  from  the  moulds,  immediately  on  its 
becoming  solid,  into  a cistern  of  cold  water,  and  thus,  by  a slight 
oxidation  of  the  metal,  the  sticks  acquire  a rich  red  color  on  the  surface. 
This  is  called  Japan  copper.  A large  quantity  of  copper  is  rolled  into 
sheets  and  sheathings,  both  for  exports  and  home  consumption.  (For  an 
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excellent  account  of  tlie  reduction  of  copper,  as  carried  on  in  this  country, 
see  Vivian,  of  Phil.,  N.S.,  v.  113.) 

Hyposulphite  of  Suboxide  of  Coppek,  Cu2  0,S2  O2,  was  formed  hy 
Herscliel  by  mixing  hyposulphite  of  potassa  with  sulphate  of  copper.  It 
is  colorless;  of  an  intensely  sweet  taste;  and,  provided  air  he  excluded, 
it  is  not  turned  blue  by  ammonia.  (Edi?i.  Phil.  Jourii.,  i.  24.)  Rammels- 
berg  has  described  two  double  hyposulphites  of  potassa  and  suhoxide  of 
copper,  having  the  formulae  KO,  Cu2  0,2S202,2H0;  and3K0,Cu2  0, 
4S2  02,3H0. 

Sulphite  of  Suboxide  of  Copper,  Cu2  0,S02,  may  be  obtained  by  pass- 
ing sulphurous  acid  into  water  through  which  oxide  of  copper  is  diffused  ; 
small  red  crystals  are  formed,  — Cu2  0,S02,2H0.  In  their  production, 
3CuO -l-2S02r=:Cu0,S03  + Cu2  0,S02;  so  that  sulphate  of  the  protoxide 
is  at  the  same  time  formed.  When  sulphite  of  potassa  is  added  to  nitrate 
of  copper  a precipitate  falls,  which  assumes  the  form  of  red  and  yellow 
crystals ; the  former  are  the  sulphite  of  copper;  the  latter  sulphite  of 
potassa  and  suboxide  of  copper.  (Ciievreul,  A7in.  de  Chim.,  Lxxxiii, 
181  and  214.)  When  bisulphite  of  potassa,  prepared  by  supersaturating 
a solution  of  potassa  with  sulphurous  acid,  is  mixed  with  solution  of 
sulphate  of  copper,  the  mixture  filtered,  and  then  heated,  sulphurous  acid 
is  evolved,  and  small  dark -red  crystals  of  this  double  sulphite  of  potassa 
and  suboxide  of  copper  are  deposited.  (Bourson.) 

Sulphite  of  Copper.  Cu0,S02.  Carbonate  of  copper  dissolves  with 
effervescence  in  a cold  aqueous  solution  of  sulphurous  acid,  forming  a 
green  lic|uor,  which  gradually  becomes  blue,  and  deposits  red  crystals, 
which,  however,  are  the  salt  of  the  suboxide:  this  change  is  accelerated 
by  the  direct  solar  rays,  and  is  very  rapid  when  aided  by  a gentle  heat. 
(Berthier.) 

Hyposulphate  of  Copper,  Cu0,S2'05,4H0,  is  formed  by  adding  a 
solution  of  sulphate  of  copper  to  one  of  hyposulphate  of  baryta;  it  crys- 
tallizes in  small  prisms,  very  soluble  in  water,  but  insoluble  in  alcohol, 
and  slightly  efflorescent.  When  a little  ammonia  is  added  to  its  solution 
a green  powder  falls,  which  is  a subhyposulphate,  composed  of  4 atoms  of 
oxide,  1 of  acid,  and  4 of  water.  The  crystallized  neutral  hyposulphate 


contains 

Heeren. 

Oxide  of  copper  1 ....  40  ....  27'03  ....  26’43 

Hyposulphuric  acid  1 ....  72  ....  48*05  ....  48*10 

Water  4 ....  30  ....  24*32  ....  25*47 


Crystallized  hyposulphate  of  copper  ....  1 148  100*00  100*00 

Sulphate  of  Copper.  Roman  Vitriol.  Blue  Vitriol,  CuO,S03. 
This  salt  is  formed,  (1.)  By  dissolving  recently  precipitated  oxide  of  cop- 
per in  diluted  sulphuric  acid,  or  by  exposing  copper  to  the  joint  action  of 
moderately  dilute  sulphuric  acid  and  air.  (2.)  By  boiling  copper  in  sul- 
phuric acid,  (either  concentrated  or  diluted  with  half  its  bulk  of  water,) 
a process  which  furnishes  abundance  of  sulphurous  acid,  but  which  is  not 
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generally  had  recourse  to,  to  produce  sulphate  of  copper.  Cu  + 2S03  — 
CuOjSOs -}-S02.  (3.)  Copper  is  boiled  in  sulphuric  acid,  diluted  with  3 

or  4 parts  of  water,  and  nitric  acid  gradually  added.  3Cu + 3803 + N05 
=3  [Cu0,S03]  +N02.  (4.)  It  is  made  upon  a large  scale,  by  exposing 
roasted  sulphuret  of  copper  to  air  and  moisture:  thus  obtained,  it  is 
impure,  generally  containing  iron,  and  often  zinc:  it  is  the  common  blue 
vitriol  of  commerce.  (5.)  It  is  obtained  in  large  quantities,  and  very 
pure,  in  certain  processes  afterwards  to  be  described  for  refining  gold  and 
silver.  (6.)  It  is  occasionally  prepared  by  dissolving  in  sulphuric  acid  an 
oxichloride  of  copper,  made  for  the  purpose  by  exposing  sheet  copper  to 
the  joint  action  of  air  and  hydrochloric  acid. 

Sulphate  of  copper  forms  rhomboidal  crystals,  (containing  5 atoms  of 
Avater,  Cu0,S03,5H0,)  sp.  gr.  2*27,  Avhicli  are  sometimes  very  large  and 
of  a beautiful  sapphire-blue  color,  doubly  refractive,  and  liable  to  slight 
efflorescence  in  a moderately  dry  atmosphere:  they  are  soluble  in  4 parts 
of  cold  and  2 of  boiling  water.  (3  of  cold  and  0*5  of  boiling  water. 
Gmelin.)  It  has  a peculiarly  nauseous  metallic  taste.  When  heated  to 
212^  it  loses  4 atoms  of  its  Avater  of  crystallization,  and  crumbles  down 
into  a pale  blue  powder;  hence,  Graham  represents  it  as  CuO,  S03,  HO, 
-f  4110 ; heated  to  400°  the  whole  of  its  Avater  is  expelled,  and  it  becomes 
Avhite;  in  this  state  it  slowly  re-absorbs  Avatei*  from  the  air,  and  regains 
its  blue  color;  or  if  sprinkled  Avith  Avater  much  heat  is  evolved,  and  the 
salt  crumbles  doAvn  into  a blue  hydrate ; by  a continued  high  red  or  white 
heat,  sulphuric  acid,  (anhydrous,)  and  some  sulphurous  acid  and  oxygen, 
are  evolved,  and  oxide  of  copper  remains.  Mixed  ay itli  excess  of  charcoal 
and  heated  to  dull  redness  it  is  reduced  Avitli  the  evolution  of  equal 
volumes  of  carbonic  acid  and  sulphurous  acid.  Cu0,S03,  + C — Cu, + 
CO2  + SO2.  The  crystallized  salt  dissolves  in  hydrochloric  acid,  forming 
a green  liquid,  Avhich  yields  crystals  of  hydrated  chloride  of  copper,  and 
free  sulphuric  acid.  The  anhydrous  salt  rapidly  absorbs  hydrochloric 
gas,  forming  a brown  compound,  Avhicli  Avatei*  resolves  into  hydrated  chlo- 
ride and  free  sulphuric  acid.  The  powdered  crystallized  salt  also  rapidly 
absorbs  the  acid  gas,  forming  a deliquescent  green  mass,  or  brown,  if  much 
heat  is  evolved  during  the  action.  (Kane.) 

This  salt  is  the  Vitriol,  or  Salt  of  Venus,  of  the  alchemists.  It  is 
much  used  as  a source  of  several  blue  and  green  colors.  It  is  employed 
by  dyers  and  calico-printers,  and  is  an  ingredient  in  some  kinds  of  AATiting 
ink.  It  has  been  used  to  prevent  smut  in  corn,  by  steeping  the  grain  in 
a dilute  solution  of  the  salt;  {Quart.  Journ.,  xvi.  156);)  and  minute 
quantities  of  it  are  occasionally  added  to  bread,  (in  Paris  especially,)  to 
improve  its  color  and  texture.  {Archives  Gen.  de  Medecine,  xxi.  145.) 
Ill  medicine  it  is  resorted  to  as  a poAverful  emetic;  and,  in  very  minute 
doses,  as  a tonic.  It  is  also  a valuable  external  application  as  an  astrin- 
gent, or  Avhen  undiluted,  as  a styptic  and  caustic.  It  may  be  employed 
to  prevent  dry  rot  by  steeping  timber  or  planks  in  its  solution ; and  it  is 
a poAverful  preservative  of  animal  substances,  Avhich,  Avhen  imbued  with 
it,  and  dried,  remain  unaltered.  The  Avaters  of  copper-mines  often  hold 
it  in  solution,  and,  Avhen  decomposed  by  immersing  in  them  pieces  of 
iron,  yield  precipitated  metallic  copper  {copper  of  cementation).  The 
precipitation  of  metallic  copper  during  the  electro-chemical  decomposition 
of  an  aqueous  solution  of  this  salt,  and  its  application  in  the  beautiful 
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process  for  obtaining  copies  of  medals  and  other  works  of  art,  has  already 
been  alluded  to  (p.  220). 

The  elements  of  sulphate  of  copper  in  its  anhydrous  state  are 


Oxide  of  copper  

Suliihuric  acid 

..  1 .... 

..  1 .... 

40 

40 

.... 

Berzelius. 

50  ....  50-9 

50  ....  49-1 

Anhydrous  sulphate  of  copper  ....  1 

The  common  rhomboidal  crystals  contain 

80 

100  1000 

Proust.  Berzelius, 

Oxide  of  copper 

1 

....  40 

#.  ♦ » 

32 

....  32  . 

...  32-13 

Sulphuric  acid  

1 

....  40 

• • » « 

32 

....  33  . 

...  31-57 

Water 

5 

45 

.... 

38 

....  35  . 

...  3630 

Crystals  of  sulphate  of  copper  .... 

1 

125 

100 

100 

100-00 

AVhen  a solution  of  sulphate  of  copper  is  made  to  crystallize  in  a 
warm  place,  prismatic  crystals  of  a green  color  are  sometimes  obtained, 
which  only  contain  1 atom  of  water  of  crystallization.  (Thomson.)  When 
the  common  crystals  are  dried  at  100°  in  vacuo,  they  leave  this  monohy- 
drate. When  exposed  over  oil  of  vitriol,  between  65°  and  70°,  for  7 
days,  they  pass  into  bihydrate.  (Graham.) 

Disulphate  of  Copper.  2Cu0,S03.  When  a solution  of  sulphate 
of  copper  is  boiled  for  a long  time  with  a quantity  of  oxide  of  copper 
equal  to  that  contained  in  the  salt,  the  solution  at  last  becomes  colorless, 
and  a green  powder  is  deposited,  containing  all  the  oxide  of  copper,  and 
all  the  sulphuric  acid:  it  is  therefore  a disulphate.  (Thomson.)  Denham 
Smith  could  not  succeed  in  obtaining  this  disulphate. 

Trisulphate  of  Copper.  AYhen  a solution  of  sulphate  of  copper  is 
precipitated  by  a small  addition  of  potassa,  a green,  tasteless,  insoluble 
powder  falls,  being,  according  to  Berzelius,  3CuO, 803,3110.  D.  Smith 
\Mem.  Cliem.  Soc.,  i.  223,)  could  not  obtain  this  salt  with  3 atoms  of 
water.  By  boiling  an  equivalent  of  oxide  of  copper  and  2 equivalents  of 
sulphate  of  copper,  Berthollet’s  subsulphate  is  formed,  of  a bright-green 
color,  with  a shade  of  blue,  composed  of 


D.  Smith. 

Oxide  of  copper 3 ....  120  ....  67’5  ....  C8’60 

Sulphuric  acid  1 ....  40  ....  22’5  ....  23‘30 

Water  2 ....  18  ....  lO'O  ....  8*10 


Trisulphate  of  copper  ....  1 178  100  0 lOO’OO 

Tetrasulphate  of  Copper.  4Cu0,S03,3H0.  When  solutions  of 
sulphate  of  potassa  and  sulphate  of  copper  are  boiled  together,  a green 
powder  falls,  which,  if  boiled  in  repeated  portions  of  water,  leaves  an  inso- 
luble residue,  composed,  according  to  the  analysis  of  Brunner,  {Pogge?id. 
Ann.^  XV.)  of  4 atoms  of  oxide  of  copper,  1 of  sulphuric  acid,  and  3 of 
water.  The  bluish-green  precipitate  which  falls  when  ammonia  or  potassa 
are  added  in  moderate  quantity  to  sulphate  of  copper,  contains,  according 
to  Kane  and  Graham,  4 atoms  of  oxide  of  copper,  1 of  sul^jhuric  acid, 
and  4 of  water;  and  D.  Smith  mentions  a subsulphate  with  5 atoms  of 
water. 

VoL.  II.  3 I 
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Pentabasic  Sulphates  of  Copper.  Two  salts  having  respectively 
the  formula  5Cu0,S0354H0,  and  5Cu0,S03,6H0,  are  also  mentioned  by 
1).  Smith.  In  reference  to  the  function  of  the  water  contained  in  these 
salts,  Smith  combats  the  opinions  of  Graham  and  Kane,  and  regards  them 
as  compounds  of  anhydrous  sulphate  of  copper  with  two  or  more  eq^uiva- 
lents  of  hydrated  oxide,  as  indicated  in  the  following  tabular  arrange- 
ment : 


Anhydrous  neutral  sulphate 

Green  neutral  sulphate 

Blue  neutral  sulphate  

Trisulphate  

1 Tetrasulphate  

2 Tetrasulphate  

3 Tetrasulphate 

1 Pentasulphate  

2 Pentasulphate  


S03,CuO 

Do. 

+ 110 

Do. 

+ 5HO 

Do. 

+ 2CuO,2HO 

Do. 

+ 3CuO,3HO 

Do. 

+ 3CiiO,3HO,  + HO 

Do. 

+ 3CuO,3HO  +2HO 

Do. 

+ 4CuO,4HO 

Do. 

+ 4CuO,4HO  +2HO 

OcTOBAsic  Sulphate  of  Copper.  By  adding  potassa  to  a solution 
of  sulphate  of  copper  so  as  to  throw  down  all  the  oxide  without  producing 
alkaline  reaction,  Kane  obtained  an  apple-green  ^powder  = 8Cu0,S03, 
12HO:  at  300°  it  loses  6HO.  (Graham,  Elem.  of  Chern.^  584;  Kane, 
Trans.  Royal  Irish  Acad.,  xix. ; J.  Denham  Smith,  Proc.  Chein.  Soc., 
1843.) 


Sulphates  of  Ammonia  and  Copper.  (1.)  Ammonio-sul'phate  of 
Copper.  Anhydrous  sulphate  of  copper  rapidly  absorbs  gaseous  ammonia, 
heats,  and  forms  a bulky  blue  powder  soluble  in  water,  = 5NH3,  + 2 
[Cu0,S03].  (H.  Rose.) 

(2.)  Cuprosulphate  of  ammonia.  NH3,CuO  + NH40,S03.  When  a 
concentrated  solution  of  sulphate  of  copper  is  supersaturated  by  ammonia 
so  as  to  redissolve  the  precipitate  at  first  formed,  and  crystallized  by 
evaporation  or  by  exposure  to  a low  temperature,  dark-blue  transparent 
crystals  are  obtained,  soluble  in  L5  of  cold  water,  insoluble  in  alcohol, 
and  containing  2 atoms  of  ammonia,  1 of  oxide  of  copper,  and  1 *bf  sul- 
phuric acid : they  are  the  cuprum  ammoniacale  of  pharmacy,  which  is 
generally  made  by  triturating  a mixture  of  crystallized  sulphate  of  copper 
and  carbonate  of  ammonia,  which  liquifies  in  consequence  of  the  sepa- 
ration of  the  water  of  crystallization  of  the  salt,  and  effervesces  from  the 
evolution  of  carbonic  acid.  The  crystals,  when  exposed  to  air,  lose 
ammonia,  becoming  at  first  opaque  and  pale  blue,  and  then  crumble  into 
a green  powder,  which,  according  to  Kiihn,  is  a mixture  of  sulphate  of 
ammonia  and  basic  sulphate  of  copper.  By  a heat  not  exceeding  300° 
they  slowly  lose  an  atom  of  ammonia  and  an  atom  of  water,  passing  into 
an  apple-green  powder  =NH3,Cu0,S03,  which  heated  up  to  400°  parts 
with  a further  proportion  of  ammonia,  becoming  NH3,2Cu0,2S03,  and 
by  gradually  heating  this  to  500°,  the  residue  of  ammonia  is  expelled, 
and  CuO,S03  remains.  When  the  aqueous  solution  of  this  salt  is  largely 
diluted,  it  deposits  basic  sulphate  of  copper.  (Kane.) 

Sulphate  of  Ammonia  and  Copper.  NH4  0,S03 -f  CuO,S03  + 6HO. 
This  salt  crystallizes  out  of  the  mixed  solution  of  sulphate  of  ammonia 
with  sulphate  of  copper:  it  is  soluble  in  1*5  of  boiling  water,  and  on 
cooling  the  greater  part  of  the  salt  crystallizes : it  effloresces  in  dry  air. 
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Sulphate  of  Potassa  and  Copper.  K0,S03  + Cu0,S03H-6TI0. 
This  double  salt  is  formed  by  digesting  hydrated  oxide  of  copper  in  bisul- 
phate of  potassa.  It  crystallizes  in  rhomboids  of  a pale  blue  color,  and 
consists  of  1 atom  of  sulphate  of  potassa,  1 of  sulphate  of  copper,  and  6 
of  water. 

PiiosPHURET  OF  CoppER,  is  formed,  (1.),  by  dropping  pieces  of  phos- 
phorus on  red-hot  copper- wire : it  is  more  fusible  than  copper : its 
specific  gravity  is  7*12.  Pelletier  found  it  composed  of  100  copper  -f-  20 
phosphorus.  (2.)  When  heated  dichloride  (or  disulphuret)  of  copper  is 
subjected  to  the  action  of  phosphuretted  hydrogen,  a black  phosphuret  is 
obtained  Cu6,P : it  is  insoluble  in  hydrochloric  but  soluble  in  nitric 
acid.  In  its  formation,  3[Cu2,Cl]  -f  PH3z=3HCl,Cu6  P.  (3.)  When 
phosphuretted  hydrogen  is  passed  over  heated  protochloride  or  protosul- 
phuret  of  copper,  a black  phosphuret  is  formed  = Cu3  P (containing  about 
25  per  cent,  of  phosphorus).  The  same  compound  in  a finely-divided 
state,  and  therefore  easily  oxidable,  is  thrown  down  when  phosphuretted 
hydrogen  is  passed  for  a long  time  (2  hours)  through  a solution  of  a 
protosalt  of  copper.  3CuO,  + PH3,  = Cu3  P,  -f  3HO.  (4.)  By  passing 
phosphuretted  hydrogen  at  a high  red-heat  over  diphosphate  of  copper  a 
grey  crystalline  phosphuret  is  formed,  containing  about  34  per  cent,  of 
phosphorus  and  therefore  a diphosphiiret  =Cu2P.  (H.  Rose,  Poggend.') 

Hyposphosphite  of  Copper.  CuO,PO,2HO.  Dilute  hypophospho- 
rous  acid  dissolves  hydrated  protoxide  of  copper,  forming  a permanent 
blue  solution,  but  when  concentrated,  even  in  vacuo,  the  oxide  is  reduced. 
(H.  Rose.)  By  evaporating  in  vacuo,  Wurtz  obtained  this  salt  in  small 
blue  crystals,  which,  heated  to  150°,  suddenly  became  phosphuret  of 
copper : it  is  best  formed  by  the  decomposition  of  sulphate  of  copper  by 
hypophosphite  of  baryta. 

Phosphite  of  Copper.  Cu0,P03.  Rose  obtained  this  salt  in  the 
form  of  a blue  precipitate  by  decomposing  a solution  of  protochloride  of 
copper  4)y  phosphite  of  ammonia  : it  admits  of  being  washed  and  dried  at 
a moderate  heat,  without  decomposition,  but  when  its  solution  in  aqueous 
phosphorous  acid  is  boiled,  part  of  the  copper  is  thrown  down  in  a metallic 
state.  According  to  Wurtz  this  phosphite  is  best  obtained  by  adding 
phosphorous  acid  to  a solution  of  acetate  of  copper,  when  a granular  pre- 
cipitate soon  falls,  the  composition  of  which  is  expressed  by  the  formula 
2Cu0,PH04-f  4HO.  {Ann.  Ch.  et  PL,  Fevr.,  1846.) 

Phosphates  of  Copper.  1 . Trihasic,  thrown  down  by  adding 
bibasic  alkaline  phosphates  in  excess  to  solutions  of  protosalts  of  copper 
(the  liquor  becoming  acid)  in  the  form  of  a green  powder,  which  loses 
water  and  becomes  broAvn  when  heated.  (Mitscherlich.)  2.  Bibasic, 
thrown  down  by  bibasic  phosphate  of  soda  added  (not  in  excess)  to  salts 
of  copper.  (H.  Rose.)  Tromholite,  a native  phosphate  of  copper,  is 
=:2Cu0,P05,4H0.  (Plattner.)  3.  Quinquihasic,  also  found  native, 
{Phosphorochalcite,  Pseudonialachite)  is,  according  to  the  analysis  of 
Lunn  {Alin.  Phil,  iii.  182),  5Cu0,P05,5H0.  Two  other  native  hy- 
drated subphosphates  have  been  described,  namely,  a sexhasic  by  Kiiliii 

6Cu0,P05,3H0  ; and  a qiiaterbasic  by  Berthier  {Liebithenite)  ~ 
4Cu0,P05,2H0. 
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Seleniurets  of  Copper.  A diseleniuret  — Cu2,Se,  is  formed  by 
beating  copper  filings  ^Yith  selenium : they  act  with  intense  ignition,  and 
a black  brittle  compound  results,  containing  40  per  cent,  of  selenium  : it 
occurs  native.  By  the  action  of  seleniuretted  hydrogen  on  solution  of 
sulphate  of  copper,  a seleniuret  is  obtained  =:CuSe.  (Berzelius.) 

Selenite  op  Copper.  When  a hot  solution  of  sulphate  of  copper  is 
mixed  with  biselenite  of  ammonia,  a precipitate  falls,  at  first  yellow,  but 
which  afterwards  becomes  greenish-blue  and  crystalline  — CuO, Se02. 
When  sulphate  of  copper  is  decomposed  by  selenite  of  ammonia,  with 
excess  of  ammonia,  a green  diselenite  2Cu0,Se02,  is  precipitated. 
(Berzelius.) 

Seleniate  of  Copper,  Cu0,Se03,  forms  hydrated  crystals  isomor- 
phous  with  those  of  sulphate  of  copper.  (Mitscherltch.) 

Carburet  of  Copper.  The  pale  yellowish-red  and  fibrous,  or  oper- 
po/er/,  copper,  (seep.  832,)  appears  to  contain  combined  carbon.  (Vivian, 
Ami.  of  Phil.^  V.  121.) 

Carbonates  of  Copper.  When  hot  solutions  of  copper  are  preci- 
pitated by  the  carbonated  fixed  alkalis,  carbonic  acid  is  evolved,  and  a 
bulky  hydrated  dicarbonate  of  copper^  of  a green  color,  falls,  2CuO, 
C02,H0.  Its  tint  is  improved  by  repeated  washing  with  boiling  water. 
It  is  prepared  as  a pigment  under  the  name  of  mineral  green,  or  green 
verditer,  and  subcarbonate  of  copper.  It  consists  of 

Native.  Artificial. 

Phillips.  Klaproth.  Vauquelin.  Berzelius.  Proust. 

Oxide  of  copper....  2 ....  80  ....  72-07  ....  72-2  ....  70-5  ....  70  00  ....  71-70  ....  69-5 


Carbonic  acid........  1 ....  22  ....  19-82  ....  18-5  ....  18-0  ....  21‘25  ....  19-73  ....  25  0 

Water  1 ....  9 ....  8*11  ....  9-3  ....  11-5  ....  8-75  ....  8*57  ....  5 5 


Hydrated  dicar-1  ^ 

Donate  ot  copper)  * 

When  it  is  long  boiled  in  water,  or  when  carefully  heated,  it  becomes 
of  a deep-brown  color,  and  anhydrous,  according  to  Colin  and  Taillefert 
{Ann.  Ch.  et  Ph.,  xii.  62);  but  according  to  Gay  Lussac,  the  whole  of  the 
carbonic  acid  is  in  this  case  evolved.  (Ann.  Ch.  et  Ph.,  xxxvii.  335.) 
There  is  a native  anhydrous  dicarbonate,  consisting,  according  to  Thom- 


son, of 

Thomson. 

Oxide  of  copper  2 ....  80  ....  78-43  ....  78-42 

Carbonic  acid  1 ....  22  ....  21-57  ....  21-58 


Anhydrous  dicarbonate  of  copper  1 102  100 -00  100*00 

When  a cold  dilute  solution  of  sulphate  of  copper  is  decomposed  by 
carbonate  of  potassa,  a blue  precipitate  falls,  which,  by  careful  manage- 
ment during  drying,  retains  its  blue  color,  and  is  known  in  commerce 
under  the  name  of  blue  verditer.  It  generally  contains  a little  lime. 
(Phillips,  Quart,  Jour.,  iv.  277-)  It  differs  from  the  green  carbonate, 
according  to  Colin  and  Taillefert,  only  in  containing  more  water;  it 
appears,  however,  from  the  following  analysis,  to  be  a sesquibasic  salt, 
composed  of 
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Phillips.  Klaproth.  Vauquelin.  Pelletier. 

/ > 

Native.  Artificial.  Native.  Native.  Artificial. 

Oxide  of  copper  3 ....  120  ....  69-37  ....  69-08  ....  67-6  ....  70  ....  68-75  ....  59-7 

Carbonic  acid....  2....  44  ....  25-43  ....  25*40  ....  24-1  ....  24  ....  25-00  ....  30-0 

Water  1 ....  9 ....  5-20  ....  5'46  ....  5*9  ....  6 ....  0-25  ....  3*3 

Impurities ....  ....  ....  ....  2-4  ....  ....  ....  7*0 

There  is  a very  inferior  pigment,  also  called  verditer^  vhich  is  a mix- 
ture of  subsulphate  of  copper  and  chalk.  According  to  Pelletier,  a good 
verditer  may  be  obtained  as  follows : Add  a sufficient  quantity  of  lime  to 
nitrate  of  copper  to  throw  drown  the  hydrated  oxide ; it  gives  a greenish 
precipitate,  which  is  to  be  washed  and  nearly  dried  upon  a strainer;  then 
incorporate  with  it  from  8 to  10  per  cent,  of  fresh  lime,  which  will  give  it 
a blue  color,  and  dry  it  carefully. 

Native  Carbonates  of  Copper.  Malachite^  or  the  green  hydrous  car-’ 
honate.^  — 2Cu0,C02,H0,  is  found  in  various  forms,  but  never  regu- 
larly crystallized,  the  octohedral  variety  being  a pseudo- crystal  derived 
from  the  decomposition  of  the  red  oxide : it  occurs  in  great  beauty  in  the 
Uralian  Mountains  of  Siberia ; it  is  rarely  found  in  Cornwall.  It  is  of 
various  shades  of  green,  and  often  cut  into  small  slabs,  or  used  as  beads 
and  brooch-stones.  The  pulverulent  variety  has  been  termed  chrysocolla^ 
and  mountain- green.  The  blue  hydrated  carbonate  = 3Cu0,C02,H0,  is 
found  in  great  perfection  at  Chessy,  near  Lyons : also  in  Bohemia, 
Saxony,  &c.  It  occurs  crystallized  in  rhomboids  and  imperfect  octohe- 
dra ; it  is  also  found  in  small  globular  masses;  massive;  and  earthy. 
The  earthy  variety  is  sometimes  called  copper-azure  or  mountain-blue. 
Graham  represents  this  as  a neutral  hydrated  carbonate  of  copper,  com- 
bined with  a similar  carbonate,  in  which  the  constitutional  water  is 
replaced  by  oxide  of  copper : or  as  — [CuO,C02  -f-  HO]  -f  [CuO,C02 
-f-CnO].  This  is  in  fact  the  result  of  Phillips’ analysis  above  quoted. 
The  Dioptase,  or  Copper  Emerald.,  a very  rare  mineral,  hitherto  found 
only  irw  Siberia  associated  with  malachite,  is  a hydrated  silicate  of  copper; 
some  of  the  varieties  of  malachite  also  appear  to  contain  a silicate  of 
copper. 

Ammonio-Carbonate  of  Copper.  Cu0,NIl3,C02.  To  a saturated 
solution  of  carbonate  of  copper  in  carbonate  of  ammonia  add  twice  its 
volume  of  alcohol : after  twelve  hours  the  above  compound  separates  in 
crystals  resembling  Chessy  copper  ore.  When  the  residuary  liquid  is 
exposed  to  air,  a bluish-green  crystalline  crust  is  formed  = 2Cu0,C02, 
2110.  (Favre,  Journ.  de  Pharrn..^  April,  1844.) 

Borate  of  Copper.  Solution  of  borax,  poured  into  sulphate  of 
copper,  produces  a bulky  pale-green  precipitate  of  borate  of  copper.,  which 
fuses  into  an  opaque  green  glass. 

Cyanides  of  Copper.  Hjcl  roc3*onic  acid  and  cyanide  of  potassium 
throw  down  a white  curdy  precipitate  in  the  solution  of  dichloride  of 
copper.  A similar  compound  is  obtained  by  the  action  of  dilute  hydro- 
cyanic acid  upon  hydrated  dioxide  of  copper : it  is  soluble  in  ammonia, 
and  the  solution  is  colorless ; it  is  also  soluble  in  hydrochloric  acid  and 
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precipitated  by  dilution,  and  by  potassa : it  combines  with  other  metallic 
cyanides,  forming  a class  of  cuprocyanides.  When  hydrated  oxide  or  car- 
bonate of  copper  is  digested  in  dilute  hydrocyanic  acid,  a yellow  powder 
is  formed,  insoluble  in  water,  but  soluble  in  hydrochloric  acid  and  again 
precipitable  by  dilution. 

CuPROCYANiDE  OF  PoTAssiUM.  Cyanide  of  copper,  digested  in  a solution 
of  cyanide  of  potassium,  yields  a yellow  solution,  from  which  small  yellow 
transparent  prismatic  crystals  (white  acicular  crystals,  Meillet,  Chern. 
Gaz.,  Aug.,  1843)  may  be  obtained,  of  a bitter  metallic  taste.  This  salt 
is  not  altered  by  the  alkalis,  but  acids  precipitate  cyanide  of  copper  from 
it,  which  excess  of  acid  afterwards  dissolves  with  the  evolution  of  hydro- 
cyanic acid.  (Ittner.)  According  to  Gmelin,  these  crystals,  if  obtained 
from  oxide  (and  not  from  dioxide)  of  copper,  are  a ctipro-dicyanide  of 
potassium ; for  during  the  solution  of  oxide  of  copper  in  cyanide  of  potas- 
sium, cyanogen  is  evolved,  and  the  solution  yields  a white  curdy  preci- 
pitate of  dicyanide  of  copper  on  the  addition  of  hydrochloric  acid.  When 
a solution  of  this  cuprocyanide  is  added  to  other  metallic  solutions,  an 
interchange  ensues  between  the  potassium  and  the  metal  in  the  solution, 
and  double  cyanides  are  formed,  in  which  one  of  the  metals  is  always 
copper  : the  precipitate  with  gold  is  green  ; with  silver^  dark -brown;  with 
protosalts  of  iron^  greenish-yellow;  with  the  persalts  of  iron  the  precipi- 
tate is  only  a mixture  of  cyanide  of  copper  with  peroxide  of  iron ; with 
lead,  pale-green ; with  zmc,  bisrmiih,  and  manganese,  pale-yellow.  Acids 
decompose  these  precipitates,  dissolving  them  and  evolving  hydrocyanic 
acid ; the  salts  of  tin  yield  mere  mixtures  of  cyanide  of  copper  and  oxide 
of  tin : the  relative  proportion  of  the  copper  to  the  other  metals,  in  these 
compounds,  has  not  been  accurately  determined.  (Berzelius.)  The 
solution  of  cyanide  of  copper  in  cyanide  of  potassium  is  recommended  by 
Levol  for  coppering  zinc  by  immersion,  and  by  electric  decomposition. 

Ferrocyanide  of  Copper  is  thrown  down  by  ferrocyanide  of  potas- 
sium, from  the  solutions  of  oxide  of  copper,  in  the  form  of  a beautiful  brown 
powder,  which  has  been  used  as  a pigment ; it  is  partially  soluble  in 
ammonia,  insoluble  in  acids,  and  decomposed  by  caustic  potassa.  Cold 
concentrated  sulphuric  acid  whitens  it,  but,  on  the  addition  of  water  it 
again  becomes  brown.  Ferrocyanide  of  potassium  is  so  delicate  a test  of 
the  salts  of  copper,  that  it  will  distinctly  detect  1 part  of  that  metal  in 
60,000  of  the  solution.  The  only  other  metal  which  gives  a precipitate 
resembling  ferrocyanide  of  copper,  is  uranium. 

SuLPHOCYANiDE  OF  CoppER  is  formed  by  adding  a solution  of  proto- 
sulphate of  iron  to  a mixture  of  sulphate  of  copper  and  sulphocyanide 
of  potassium : it  falls  as  a white  granular  precipitate,  insoluble  in  water. 
(Liebig.) 

Alloys  of  Copper.  Many  of  these  compounds  are  of  great  use 
in  the  arts,  especially  those  with  zinc  and  tin,  and  with  silver  and 
gold ; of  these,  the  two  latter  will  be  noticed  under  those  metals.  The 
alloys  of  copper  with  polassium  and  sodium  have  not  been  particularly 
examined:  Davy  formed  them,  and  ascertained  that  they  decompose 
water.  Berthier  found  in  an  extremely  malleable  copper,  traces  of 
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potassa  and  lime,  together  'with  a minute  quantity  of  iron  : Dumas  states 
its  composition  as,  copper  99'12;  potassium  0'38 ; calcium  0‘33 ; iron 
O' 17.  He  refers  its  remarkable  malleabillity  to  the  potassium,  and  sug- 
gests the  addition  of  a small  quantity  of  tartar  to  fused  copper  as  a 
probable  means  of  rendering  it  more  malleable.  Manganese  was  com- 
bined with  copper  by  Bergman,  and  the  properties  of  the  alloy  were 
examined  by  Gmelin.  {Gottingen  Commentaries^  1787*)  Iron  and 
copper  combine  with  difficulty : 100  parts  of  grey  cast-iron  and  5 of 
copper  yield  a very  hard  alloy,  of  which  llinmann  has  proposed  to  make 
anvils.  Steel  is  deteriorated  by  copper  (Faraday),  and  it  renders  cast- 
iron  brittle  (Mushet).  With  zinc  and  tin  copper  forms  brass  and  bronze. 
With  cadmium^  the  alloy  is  brittle  and  harsh ; it  is  decomposed  by  keep- 
ing it  long  in  fusion,  when  the  cadmium  gradually  volatilizes:  at  a red- 
heat,  100  of  copper  retain  82*2  of  cadmium,  so  that  this  alloy  is  nearly 
=Cu2  Cd.  The  alloy  of  copper  and  cobalt  has  not  been  examined.  With 
nickel^  copper  yields  pakfong  and  German  silver  or  argentan.  According 
to  Erdmann,  a little  copper  destroys  the  magnetism  of  nickel,  but  the 
smallest  quantity  of  iron  restores  it.  Dumas  gives  the  following  view  of 
the  composition  of  different  pakfongs.  (See  also  Topping,  p.  818.) 


For  knife- 

For  articles 

White,  hut 

For  spoons 

handles  and 

For 

which  require 

harsh  and 

Chinese 

and  forks. 

snuffers. 

lamination. 

soldering. 

hard. 

pakfong. 

Copper  50  .... 

55 

...  60  ... 

....  57  

..  53  

..  40-4 

Nickel  25  .... 

....  22  .... 

...  20  ... 

....  20  

..  22  

..  31-6 

Zinc  25  .... 

....  23  .... 

...  20  ... 

....  20  

..  23  

..  25-4 

Lead  0 .... 

0 

0 .... 

3 

0 

..  0-0 

Iron  0 .... 

0 

0 .... 

0 

2-6 

100 

100 

100 

100 

100 

100-0 

German  nickel  is  used  by  the  manufacturers  of  pakfong:  it  is  broken 
up  and  mixed  with  the  granulated  copper  and  zinc,  taking  care  that 
copper  forms  the  upper  and  lower  stratum  in  the  crucible : the  whole  is 
covered  with  charcoal-powder  and  fused  in  a wind  furnace;  it  is  stirred 
and  kept  for  some  time  in  fusion,  at  the  risk  of  evaporating  part  of  the 
zinc.  When  the  clippings  and  filings  are  remelted,  3 or  4 per  cent,  of  zinc 
are  added  to  compensate  for  volatilization.  This  alloy  has  lately  been 
much  used  for  the  manufacture  of  articles  afterwards  to  be  electro-plated. 

Brass.  In  making  this  important  alloy  of  copper  with  zinc,  the  metals 
are  usually  united  by  mixing  granulated  cojDper  with  calamine  and  charcoal: 
the  mixture  is  exposed  to  heat  sufficient  to  reduce  the  calamine  and  melt 
the  alloy,  which  is  then  cast  into  plates.  The  relative  proportions  of 
the  two  metals  vary  in  the  different  kinds  of  brass;  and  some  contain  a 
little  lead  and  tin.  The  composition  of  the  principal  varieties  is  shown 
in  the  following  table:  (Dumas.  Chun.  app.  aiix  Arts.,  III.  509.) 

For  Turning.  For  Gilding.  For  For  Ilam-  For  Fine  Casting. 

^ s ' ^ V Wire,  mering.  v 

Copper  6t-6  ....  65-8  ....  63-7  ....  82  ....  66-5  ....  70  ....  91-2  ....  91'7 

Zinc  ....  35-3  ....  31-8  ....  33  6 ....  18  ....  33-1  ....  30  ....  5 6 ....  5 0 

Lead  ....  2 9 ....  2-2  ....  2*5  ....  1 ....  0'4  ....  0 ....  1-8  ....  2-3 

Tin 0-2  ....  0-2  ....  0'2  ....  3 ....  O'O  ....  0 ....  1-4  ....  1-0 

100-0  100-0  1000  104  1000  100  1000  1000 

From  the  following  tabular  view  of  the  composition  of  several  varieties 
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of  common  brass,  it  would  appear  that  it  closely  corresponds  to  tlie  for- 
mula Cu55Zn2,  which  would  give  7P43  copper + 28*57  zinc  per  cent. 

123456789 

Cu  ....  715  ....  710  ....  714  ....  719  ....  703  ....  702  ....  700  ....  658  ....  616 

Zii  ....  J285  ....  276  ....  282  ....  277  ....  293  ....  275  ....  300  ....  318  ....  353 

Sn  ....  ....trace....  ....  8 ....  2 ....  8 ....  ....  3 ....  3 

Pb  ....  ....  13 3 ....  2 21  ....  29 

1000  999  996  1004  1001  987  1000  lOOO  1001 

Collins'  a?id  Muniz  s patent  sheathing  metal.,  which  has  been  found 
an  excellent  substitute  for  copper,  is  an  alloy  of  about  60  copper  and  40 
zinc:  it  admits  of  being  rolled  hot,  whereas  the  common  varieties  of  brass 
generally  split  under  such  circumstances,  and  are  therefore  rolled  cold, 
which  requires  more  time. 

Brass  is  very  malleable  and  ductile  (when  cold),  and  its  color  and 
little  liability  to  rust  recommend  it  in  preference  to  copper  for  many  pur- 
poses of  the  arts : its  specific  gravity  varies  from  7*0  to  8*9,  and  exceeds 
the  mean  of  its  components,  as  shown  by  the  following  results.  (Dujmas.) 

Copper.  Zinc.  Actual  Density.  Calculated  Density. 

I.  70  30  8*443  8-390 

II.  80  20  8*940  8-5C0 

According  to  Regnault,  the  specific  heat  of  a brass  composed  of  71 
copper,  27*6  zinc,  and  1*3  lead,  and  affording  traces  of  tin,  is  0*09391. 
i^Ann,  Ch.  et  Ph..,  Lxxiii.  33.)  According  to  Sage,  a beautiful  brass  may 
be  made  by  mixing  50  parts  of  oxide  of  copper,  100  of  calamine,  400  of 
black  flux,  and  30  of  charcoal  powder ; melt  these  in  a crucible  till  the 
blue  flame  is  no  longer  seen  round  the  cover;  and,  when  cold,  a button 
of  brass  is  found  at  the  bottom,  of  a golden  color,  and  weighing  one-sixth 
more  than  the  pure  copper  obtained  from  the  above  quantity  of  oxide. 
The  presence  of  iron  and  of  tin  in  brass  should  be  carefully  avoided, 
where  they  may  interfere  with  its  ductility  or  malleability,  or  where  mag- 
netic apparatus  is  concerned. 

Tutenag  is  an  alloy  of  copper,  zinc,  and  a little  iron  (and  nickel, 
according  to  Topping:  see  p.  818):  Tombac.,  Dutch  Gold,  Similor,  Prince 
Rupert’s  Metal,  and  Pinchbeck,  are  alloys  containing  more  copper  than 
exists  in  brass,  and  consequently  made  by  fusing  various  proportions  of 
copper  with  brass.  According  to  AViegleb,  Manheim  Gold  consists  of  3 
parts  of  copper  and  1 of  zinc.  A little  tin  is  sometimes  added,  which, 
though  it  may  improve  the  color,  impairs  the  malleability  of  the  alloy. 
An  alloy  of  576  parts  of  copper,  59  of  tin,  and  48  of  brass,  is  equal  to 
brass  in  hardness,  and  may  be  worked  with  the  same  facility;  it  was  used 
by  Bate  for  the  new  standard  measures,  as  being  less  liable  than  brass  to 
oxidizement.  (P/ii/.  T'rans.,  1826.)  Brass  is  reddened  when  rubbed  over 
with  hydrochloric  acid,  but  ndiitened  with  ammonia;  the  former  abstract- 
ing zinc,  the  latter  copper,  from  the  surface  of  the  alloy. 

According  to  Karsten,  alloys  which  contain  less  than  50  per  cent,  of 
zinc,  act  towards  acids,  and  in  the  simple  voltaic  circle,  as  copper,  and  do 
not  decompose  copper  salts;  but  where  the  zinc  exceeds  50  per  cent.,  the 
alloy,  when  immersed  in  solutions  of  copper,  decomposes  them,  and  be- 
comes pure  copper.  (In  reference  to  the  mechanical  properties  of  the 
varieties  of  brass,  see  Mallet,  Trans.  Soc.  Civil  Engineers.) 

Speculiun  Metal  is  an  alloy  of  copper  and  tin,  with  a little  arsenic: 
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about  6 copper,  2 tin,  1 arsenic.  On  this  subject  tbe  reader  is  referred 
to  Edwards’s  experiments.  (Nicholson  s Jo7ir}ial,  4to.,  iii.)  Little  recom- 
mends 32  parts  of  best  bar  copper,  4 of  brass  pin-wire,  164  of  lio,  and  ]l 
of  arsenic.  The  Earl  of  Rosse  (Lord  Oxmantown)  employed  copper  and 
tin  only,  in  construction  of  the  speculum  of  his  enormous  telescope ; the 
proportions  he  used  were  126’4  of  copper,  to  58*9  of  tin,  (about  4 atoms 
of  copper  to  1 of  tin) : this  alloy  was  made  and  cast  under  many  pre- 
cautions. (See  Phil.  Trans..,  1840,  p.  503.) 

Bronze.  Bell- metal.  These  are  alloys  of  copper  and  tin;  they  are 
harder  and  more  fusible,  but  less  malleable,  than  copper.  The  specific 
gravity  of  bronze  exceeds  the  mean  of  its  component  metals,  when  care- 
fully hammered  and  free  from  air-blebs:  but  bronze  castings  are  apt  to 
be  more  or  less  porous  and  vesicular,  unless  considerable  care  and  skill 
have  been  used  in  fusing  and  pouring  the  metal,  and  in  the  construction 
of  the  mould;  and  in  large  castings,  owing  to  the  gradual  cooling  of  the 
mass,  there  is  often  a want  of  uniformity  in  the  composition  of  different 
parts  of  it;  that  portion  containing  the  least  tin  being  the  first  to  solidify, 
while  the  more  fusible  portion  to  a certain  extent  separates,  and  is  some- 
times projected  from  the  mould.  The  following  table,  from  the  experi- 
ments of  Briche,  shows  the  actual  and  calculated  density  of  different 
alloys  of  copper  and  tin.  (Journ.  des  Mines.,  v.  In  reference  to  the 
other  mechanical  properties  of  the  alloys  of  copper,  such  as  color,  fracture, 
cohesion,  malleability,  and  hardness,  see  Mallet.) 


Actual 

Calculated 

Copper. 

Tin. 

Density. 

Density. 

Difference. 

100  .... 

4 ... 

879  ... 

874  .... 

....  0-05 

100  .... 

....  6 ... 

878  ... 

871  .... 

....  0-07 

100  

8 ... 

876  ... 

8-68  .... 

....  0-08 

100  

....  10  ... 

876  .... 

8-66  .... 

....  010 

100  

...  12  ... 

8-80  .... 

8-63  .... 

....  0*17 

100  

...  14  .. 

8-81  .... 

861  .... 

....  0-20 

100  

...  16  ... 

8-87  .... 

....  8-60  .... 

....  027 

100  

...  33 

8-83  .... 

8-43  .... 

....  0*40 

100  

...  100  .... 

879  .... 

805  .... 

....  074 

In  large  bronze  castings,  such  as  statues,  porosity  and  bubbles  require 
carefully  to  be  avoided;  where  they  exist  so  as  to  deface  the  appearance 
of  the  work,  they  are  sometimes  filled  up  with  substances  which  are  only 
temporarily  durable,  or  which,  if  metallic,  give  rise  to  electrical  effects 
which  time  must  render  prejudicially  evident:  for  this  reason  also,  the 
different  pieces  of  a large  statue  should  be  fused  together,  or  united  by 
bronze,  and  not  by  a mere  fusible  solder;  and  iron  bars,  and  leaden 
junctions  for  the  support  or  fixing  of  the  work,  should,  upon  the  same 
principle,  be  avoided,  as  they  are  themselves  liable,  under  such  circum- 
stances, to  corrosion,  and  this  may  affect  the  stability,  or  safety  of  the 
statue,  independent  of  other  influences. 

AVhen  bronze  is  frequently  remelted  it  gradually  loses  tin  by  oxidize- 
ment,  so  that  in  such  cases  fresh  additions  of  tin  may  sometimes  be 
requisite;  and  it  is  apparently  this  oxidizement  of  the  tin  which  tends  to 
deteriorate  the  texture  of  remelted  bronzes,  and  renders  them  more  sub- 
ject to  bubbles  and  porosity  when  recast,  an  effect  which  may  be  pre- 
vented by  the  action  of  carbonaceous  fluxes,  or  by  the  operation  of  poling, 
as  in  the  case  of  copper. 
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Tempering  produces  upon  bronze  an  effect  directly  opposite  to  that 
upon  steel*;  and  in  order  to  render  bronze  malleable,  or  fit  for  the  coining 
press,  it  must  be  heated  to  redness  and  quenched  in  water:  the  alloy 
which  thus  acquires  tho  greatest  tenacity  is  that  of  8 of  copper  and  1 of 
tin,  and  this  is  consequently  preferable  for  medals ; the  advantage  of 
bronze  over  copper  for  these  purposes  being  hardness,  and  resistance  to 
oxidizement;  the  former  quality  resists  friction,  and  the  latter  has  handed 
down  to  us  the  w^orks  of  the  ancients  with  little  deterioration,  though 
buried  for  ages  in  damp  soil,  or  immersed  in  winter : the  small  value  of 
bronze,  too,  as  compared  with  gold  and  silver,  is  another  important  con- 
sideration, as  affecting  the  preservation  of  such  works  of  art.  The  fol- 
lowing are  the  component  parts  of  the  different  bronzes  and  bell-metals 


in  common  use.  Gun-metal. 

For  Coin  Gongs  and  Statues  and 

and  Medals.  Cymbals,  Large  Castings.  Bell-metal. 

Copper  ....  93  ....  89  ....  78  ....  92  ....  89  ....  80  ....  83 

Tin  7 ....  11  ....  22  ....  8 ....  11  ....  10  ....  17 

Zinc  0 ....  0 ....  0 ....  0 ....  0 ....  6 ....  0 

Lead  0 ....  0 ....  0 ....  0 ....  0 ....  4 ....  0 


100  100  100  100  100  100  100 

The  analysis  of  brass  may  be  performed,  (1.)  by  solution  in  nitric  acid; 
then  add  considerable  excess  of  solution  of  potassa,  and  boil,  which 
will  dissolve  the  oxide  of  zinc  and  leave  that  of  copper;  wash  the  latter, 
and  dry  and  heat  it  to  redness:  100  parts  indicate  80  of  copper.  The 
zinc  in  the  filtered  alkaline  solution  may  be  precipitated  by  carbonate 
of  soda,  having  previously  added  a small  excess  of  hydrochloric  acid; 
wash  this  precipitate,  dry  it,  and  expose  it  to  a red  heat ; it  is  then 
oxide  of  zinc,  100  parts  of  which  also  indicate  80  of  metal.  (2.)  But  as, 
in  this  process,  the  whole  of  the  oxide  of  zinc  is  not  easily  removed  by  the 
alkaline  solution,  Keates  recommends  the  following  as  preferable:  Dis- 
solve 100  grains  of  the  brass  in  dilute  nitric  acid,  evaporate  to  dryness,  and 
redissolve  in  excess  of  dilute  sulphuric  acid ; filter,  to  separate  sulphate 
of  lead,  if  any  be  present ; dilute  the  solution,  heat  it  to  its  hoiling-point, 
and  introduce  three  polished  cylinders  of  iron,  each  about  an  inch  long 
and  a fourth  of  an  inch  diameter ; continue  the  boiling  till  the  solution 
becomes  colorless,  and  when  tested  by  a clean  plate  of  iron  shows  no 
trace  of  copper.  Filter  the  solution  while  hot,  and  wash  the  precipitated 
copper  first  with  very  dilute  sulphuric  acid,  and  afterwards  with  boiling 
water;  dry  it,  and  fuse  it  into  a button  in  a crucible  covered  with  char- 
coal-powder. Boil  the  filtered  solution  with  the  addition  of  some  nitric 
acid  to  peroxidize  the  iron,  and  nearly  neutralize  by  carbonate  of  soda; 
then  add  excess  of  ammonia,  to  throw  down  the  peroxide  of  iron,  which 
separate  by  filtration.  Add  hydrochloric  acid  to  the  filtered  ammoniacal 
solution,  evaporate  to  dryness,  and  heat  in  a silver  crucible  to  drive  off 
hydrochlorate  of  ammonia;  dissolve  the  residue  in  hydrochloric  acid,  and 
precipitate  by  excess  of  carbonate  of  soda ; wash,  dry,  and  ignite  the 
precipitate,  which  reduces  it  to  the  state  of  oxide  of  zinc.  (3.)  Dissolve 


* Regnault  found  the  specific  heat  of  a 
bronze  composed  of  80  copper,  20  tin,  in 
its  ordinary  state  to  be  0‘0858,  and  when 


softened  by  tempering,  0'0862.  The  spe- 
cific gravity  of  the  former  was  8*579,  and 
of  the  latter  8*634. 


SALTS  OF  COPPER. 


845 


in  nitric  acid;  test  for  lead  by  sulpliuric  acid;  if  absent,  dilute  the  acid 
solution,  and  precipitate  the  copper  by  a stream  of  sulphuretted  hydro- 
gen; filter;  and  boil,  to  expel  sulphuretted  hydrogen.  Digest  the  washed 
sulphuret  of  copper  remaining  upon  the  filter,  in  nitric  acid,  and  when 
dissolved  precipitate  the  copper  by  potassa;  wash,  dry,  and  ignite  the  pre- 
cipitate, and  weigh  it  as  oxide.  The  zinc  may  be  obtained  also  as  oxide, 
by  evaporating  the  filtered  solution,  and  calcining  the  residuary  nitrate  of 
zinc  in  a platinum  crucible. 

The  analysis  of  alloys  of  tin  and  copper  may  be  performed  by  diges- 
tion in  nitric  acid,  which  dissolves  the  copper  and  converts  the  tin  into 
insoluble  peroxide,  which,  when  washed  and  dried,  consists  of  78'7  tin  -f 
2P3  oxygen.  The  cupreous  solution  maybe  decomposed  by  potassa,  and 
the  oxide  of  copper  indicates  the  quantity  of  that  metal,  as  in  the  analysis 
of  brass. 

Tinned  Copper.  Vessels  of  copper  used  for  culinary  purposes  are 
usually  coated  with  tin,  to  prevent  the  food  being  contaminated  with 
copper.  Their  interior  surface  is  first  cleaned,  then  rubbed  over  with 
sal-ammoniac.  The  vessel  is  then  heated,  a little  pitch  spread  over  the 
surface,  and  a bit  of  tin  rubbed  over  it,  which  instantly  unites  with  and 
covers  the  copper.  Much  care  is  requisite  in  the  manipulations  of  this 
process,  and  independent  of  the  tin  permanently  adhering  to  and  com- 
bined with  the  surface  of  the  copper,  there  is  generally  a portion  in  excess 
which  fuses  off  the  first  time  the  pan  is  used  for  frying  or  melting  fat  or 
butter;  lead  is  sometimes  added  to  the  tin  used  in  tinning,  and  sometimes 
a small  quantity  of  mercury:  it  appears  from  Proust’s  detailed  experi- 
ments on  this  subject,  that  the  small  quantity  of  lead  thus  employed  can 
scarcely  be  regarded  as  prejudicial,  and  that  as  respects  the  action  of 
acids  in  such  cases,  the  tin  is  dissolved  before  the  lead ; the  use  of  mer- 
cury is  more  objectionable. 

Characters  of  the  Salts  of  Copper.  The  cupreous  salts  are  nearly 
all  soluble  in  water,  and  of  a blue  or  green  color.  Ammonia  produces  a 
compound  of  a very  deep  blue,  when  added  in  excess  to  these  solutions; 
solutions  of  nickel  give  a similar  color,  but  the  ammoniated  solutions  of 
nickel  are  easily  distinguished  by  the  other  tests,  from  the  corresponding 
cupreous  combinations;  hydrosulphuret  of  ammonia  forms  a black  preci- 
pitate. Ferrocyanide  of  potassium  is  also  an  excellent  test  of  the  pre- 
sence of  copper  (in  the  absence  of  uranium ;)  it  produces  a brown  cloud 
in  solutions  containing  the  minutest  portion  of  the  oxide;  in  this  way  the 
presence  of  an  extremely  minute  trace  of  metallic  copper  in  solution  may 
be  detected,  (provided  the  color  of  the  vehicle  does  not  interfere,)  by  a 
reddish-brown  cloud,  which  appears  in  a moment  or  two  after  the  appli- 
cation of  the  test*. 


* Mr.  Alfred  Taylor  gives  me  the  fol- 
lowing caution  in  reference  to  the  use  of 
this  test  in  organic  solutions: — ‘‘In  April, 
1838,  I examined  the  contents  of  the 
stomach  of  a person  poisoned  by  oxalic 
acid  : a tolerably  clear  liquid  was  obtained 
by  boiling  and  filtration,  and  oxalic  acid 
was  easily  detected.  On  adding  solution 
of  ferrocyanide  of  potassium  to  a portion 
of  the  liquid,  a deep  claret-colored  pre- 


cipitate fell  exactly  like  ferrocyanide  of 
copper.  I immediately  tried  the  liquid 
with  polished  iron  and  ammonia,  but  could 
find  no  trace  of  copper;  the  liquid  was 
faintly  acid,  and  after  having  been  kept  for 
some  days,  no  effect  was  produced  by  the 
ferrocyanide;  I can  only  ascribe  this  ano- 
malous result,  to  the  presence  of  some 
peculiar  organic  compound.” 
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The  melallic  precipilation  of  copper  from  its  solutions  is  effected  by 
zinc,  iron,  cadmium,  tin,  lead,  and  cobalt,  and,  under  certain  circumstances, 
feebly  by  bismuth.  The  copper  sometimes  appears  in  a clean  metallic 
state,  but  is  frequently  alloyed  by  or  blended  nitli  the  precipitating  metal, 
or  mixed  with  other  products.  The  different  salts  of  copper  are  in  this 
way  differently  affected.  Nitrale  of  copper,  for  instance,  is  reduced  by 
zinc,  lead,  cadmium,  and  tin,  but  when  quite  neutral,  and  out  of  the 
contact  of  air,  iron  very  imperfectly  and  slowly  acts  upon  it.  In  a 
common  acid  solution  of  the  nitrate  a plate  of  iron  becomes  immediately 
covered  with  copper.  Cobalt  acts  very  slowly,  and  bismuth  only  when 
heated  in  the  solution,  and  then  imperfectly.  The  reduced  copper  ap- 
pears with  its  metallic  lustre  and  peculiar  color,  only  upon  cobalt,  lead, 
and  iron;  with  the  other  metals  it  forms  a coating  of  a brown  or  black 
color.  With  tin,  the  oxide  of  that  metal  is  also  precipitated.  Sulphate 
of  copper  is  reduced  by  the  other  metals  much  in  the  same  way  as  the 
nitrate ; iron  first  becomes  covered  by  pure  copper,  after  which  the  for- 
mation of  a subsalt  of  iron  gives  it  a brown  color.  The  action  of  lead 
upon  solution  of  sulphate  of  copper  is  very  feeble ; cobalt  acts  rapidly,  and 
becomes  coated  with  clean  copper.  The  precipitate  upon  tin  is  accompa- 
nied by  sulphate  of  tin,  in  the  form  of  a white  shining  powder,  but  if  air 
be  excluded,  protosulphate  of  tin  remains  in  the  solution,  with  a portion 
of  sulphate  of  copper : in  such  cases  the  whole  of  the  copper  is  never 
separated.  Chloride  of  copper  is  easily  decomposed  by  iron,  tin,  zinc, 
cadmium,  and  cobalt,  and  slowly  by  lead,  provided  the  solution  be  not 
acid.  The  ammoniacal  solution  of  oxide  of  copper  is  only  reduced  by 
zinc,  iron,  and  cadmium,  not  by  tin,  lead,  or  cobalt.  Zinc  is  by  far  the 
most  effectual  precipitant  of  copper.  When  the  metallic  precipitation  of 
copper  is  resorted  to  for  the  detection  of  minute  quantities  of  the  metal, 
as  for  instance  in  cases  of  poisoning,  iron  is  the  preferable  precipitant, 
and  when  carefully  used,  gives  very  delicate  indications,  and  is  applicable 
in  certain  cases  where  the  other  tests  are  interfered  with  by  the  color 
of  the  contaminated  vehicles,  such  as  beer,  wine,  soup,  the  contents 
of  the  stomach,  &c.  Mr.  Taylor  informs  me  that  he  has  in  this  way 
detected  copper  in  gruel  and  the  liquids  just  mentioned,  when  only  1 
grain  of  crystallized  sulphate  of  copper  was  present  in  12  ounces  of  the 
liquid,  and  when  the  test  by  ferrocyanide  of  potassium  was  inapplicable 
from  the  color  of  the  vehicle.  He  finds  the  most  delicate  mode  of  apply- 
ing this  test  is  to  render  the  suspected  liquid  very  slightly  acid  by  a drop 
or  two  of  dilute  sulphuric  acid,  and  then  to  suspend  it  in  a clean  sewing- 
needle;  in  a day  or  two  the  coating  of  copper  becomes  perceptible.  When 
insoluble  salts  are  thus  examined,  they  may  be  moistened  with  dilute 
sulphuric  acid,  and  rubbed  upon  polished  iron. 

The  voltaic  precipitation  of  copper  is  also  often  conveniently  appli- 
cable to  the  detection  of  this  metal ; a few  drops  of  the  suspected  liquid 
may  be  put  upon  clean  platinum  foil  and  touched  by  a wire  of  zinc, 
when  a film  of  copper  immediately  coats  the  platinum.  (In  reference  to 
this  precipitation  of  copper  for  electrotypes,  &c.,  see  p.  220;  also  Smee, 
FAectrometalhirgy.  Walker,  Manual  of  Electricity,  &c.,  II.  366,  and 
the  authorities  which  he  cites.) 

Before  the  blow-pipe  oxide  of  copper  is  not  altered  by  the  exterior 
flame,  but  becomes  suboxide  in  the  interior.  With  both  microcosmic  salt 
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and  borax  it  forms  a yellow-greeii  glass  ndiile  hot,  but  wliicli  becomes 
biue-green  as  it  cools.  AVlien  strongly  heated  in  the  interior  flame,  it 
loses  its  color,  and  the  metal  is  reduced.  If  the  quantity  of  oxide  be  so 
small  that  the  color  is  not  perceptible,  its  presence  may  be  detected  by 
the  addition  of  a little  tin,  "SYliicli  occasions  a reduction  of  the  oxide  to 
sub-oxide,  and  produces  an  opaque  red  glass.  If  the  oxide  has  been 
fused  'with  borax,  this  color  is  longer  preserved ; but  if  with  microcosmic 
salt,  it  soon  disappears  by  a continuance  of  heat.  The  copper  may  also 
be  precipitated  upon  iron,  but  the  glass  must  be  first  saturated  with 
iron.  Alkalis  or  lime  promote  this  precipitation.  If  the  glass,  con- 
taining copper,  be  exposed  to  a smoky  flame,  the  copper  is  superficially 
reduced,  and  the  glass  covered  while  hot  with  an  iridescent  pellicle,  which 
is  not  ahvays  permanent  after  cooling.  It  is  very  easily  reduced  by 
soda.  Salts  of  copper,  when  heated  before  the  blo'W-pipe,  give  a fine 
green  flame. 

It  has  already  been  remarked  that  the  presence  of  organic  substances 
in  solutions  of  copper  materially  interferes  in  some  cases  with  the  action 
of  reagents,  and  as,  in  consequence  of  the  use  of  copper  vessels  for  culi- 
nary purposes,  the  contamination  of  food  by  this  poisonous  metal  is  not 
uncommon,  it  often  requires  minute  attention  in  judicial  inquiries.  (See 
CriRiSTisoN  on  Poisons^  Art.  Copper;  A.  Taylor,  Medical  Jurispru- 
dence^ ch.  XX.;  Rose’s  Analytical  Chemistry.')  In  these  cases  precipita- 
tion by  iron  may,  as  above  stated,  be  resorted  to:  or  the  suspected  articles 
may  be  evaporated  to  dryness,  carefully  incinerated,  and  the  residue 
treated  by  a little  nitric  acid  : in  this  way  a solution  of  nitrate  of  copper 
is  obtained,  to  which  the  ordinary  tests,  under  the  precautions  above 
pointed  out,  may  be  applied. 

Copper  Coinage.  The  following  table  shows  the  standard  weights, 
value,  &c.,  of  the  copper  coins  of  Great  Britain. 


Copper  Coins.  Standard  Weights;  Remedy;  Legal  Tender,  &c. 

Denomination 
of  coin. 

No.  of 
pieces 
in  the 
lb. 

avoir. 

Weig 

each 

In  drs, 
avoir. 

ht  of 
piece. 

In  troy 
grains. 

Value 
of  one 
lb. 

No.  of 
pieces  in  a 
ton. 

Value 
of  a 
toil. 

Remedy 

by 

Indenture. 

Legal 

ten- 

der. 

Date  of  procla- 
mations fixing; 
the  amount  ol 
legal  tender. 

Where 

current. 

Pence  

Half-pence  .. 
Farthings  .... 

1 <lo  

X^o  of  a penny 
5 of  farthing 

X do  

24 

48 

96 

192 

240 

288 

384 

10-66 

5-33 

2-66 

1-33 

1.06 

•88 

•66 

291-66 

145-83 

72  91 

36-45 

29-16 

24  30 

18-22 

S. 

2 

2 

2 

2 

2 

2 

2 

53,760 

107,520 

215,040 

430,080 

537,600 

645,120 

860,160 

£ 

224 

224 

224 

224 

224 

224 

224 

4*0  or  six 
drms.  and 

x"*^  avoir., 

or  175  tr 

grns.  per 

Ih.  avoir- 
dupois. 

d. 

12 

6 

6 

• « 

• • 

14  Nov.  1821, 

and 

30  Jan.  1826. 

1 L^nitedKing- 
> dom,  and 
j British  Cols. 
Ceylon. 

Ionian  Islands 

Malta. 

Ceylon. 

The  moueyei's  deliver  the  coined  moneys  to  the  Mint  office  in  hags  containing  2 cwt.  avoirdu- 
pois, in  value  £6  12s.  Od.  The  deliveries  to  the  public  are  made  in  hags  of  50  lbs.  weight 
avoirdupois,  value  £5. 
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§ XVI.  LEAD.  Pb.  104. 

Lead  has  been  known  from  the  earliest  ages  of  the  world.  The 
alchemists  gave  it  the  symbol  and  name  of  Saturn,  ^ . It  is  said  to  occur 
native  in  the  lava  of  Madeira  and  of  some  other  volcanic  districts;  also  in 
a variety  of  galena  at  Alston  in  Cumberland,  and  in  the  carboniferous 
limestone  of  the  county  of  Kerry  in  Ireland,  and  in  the  vicinity  of  Bristol. 
(Austin,  Phil.  Mag.,  March,  1843.)  The  native  compounds  of  lead  are 
very  numerous:  the  most  important  is  the  sulphuret,  from  which  the  pure 
metal  is  chiefly  procured.  Lead  is  also  found  combined  with  carbonic, 
sulphuric,  phosphoric,  arsenic,  molybdic,  and  chromic  acids,  and  with 
oxygen  and  chlorine. 

Perfectly  pure  lead  may  be  obtained, — 1,  by  reducing  pure  nitrate  of 
lead  by  charcoal,  at  a red  heat,  in  an  earthen  crucible.  2.  By  heating 
oxalate  of  lead  in  a covered  crucible.  Its  color  is  bluish- white;  it  has 
much  brilliancy,  is  remarkably  flexible  and  soft,  and  leaves  a black  streak 
on  paper : when  handled  it  exhales  a peculiar  odor.  It  admits  of  being 
rolled  into  thin  sheets,  and  drawn  into  moderately-fine  wire,  but  its 
tenacity  is  so  low,  as  to  render  the  latter  operation  difiicult.  It  melts  at 
about  612°,  and,  by  the  united  action  of  heat  and  air,  is  readily  oxidized: 
in  perfectly  close  vessels  it  does  not  sublime  at  a bright  red-heat;  but 
before  the  oxygen  blow-pipe  it  boils  when  heated  to  whiteness,  and  is 
dissipated  in  copious  fumes  of  oxide.  Its  specific  gravity,  when  pure, 
is  1 1 *445,  but  the  lead  of  commerce  seldom  exceeds  11*35.  Its  specific 
heat,  according  to  Regnault,  is  0*03140.  When  slowly  cooled  it  forms 
octohedral  crystals,  and  contracts  considerably  during  its  solidification; 
in  bullets,  therefore,  and  in  castings  of  lead  rapidly  cooled,  there  is  gene- 
rally a cavity  which,  in  rifle  shooting,  interferes  with  the  rectilinear  pas- 
sage of  the  ball,  so  that  for  such  purposes  the  balls  are  sometimes 
moulded  out  of  rolled  lead.  The  specific  gravity  of  lead  is  said  not  to  be 
increased  by  hammering,  for  although  it  becomes  hot  during  that  opera- 
tion, it  at  the  same  time  acquires  fissures. 

At  common  temperatures,  and  in  its  ordinary  state,  lead  undergoes 
little  change  by  mere  exposure  to  air ; but  when  in  a state  of  very  fine 
division,  as  it  is  ol)tained  diffused  through  charcoal,  by  exposing  iat'trate 
of  lead  to  a red-heat  in  close  vessels,  it  takes  fire  when  brought  into  the 
contact  of  air  ; so  also  the  finely-divided  lead  obtained  by  the  reduction 
of  the  oxide  by  hydrogen  at  a temperature  insuflicient  for  its  fusion, 
burns  when  gently  heated  in  the  air.  In  distilled  water,  free  from  air 
and  in  close  vessels,  a clean  surface  of  lead  remains  bright ; but,  under 
the  same  circumstances,  in  open  vessels,  it  soon  tarnishes,  and  small  crys- 
talline scales  of  hydrated  oxide  of  lead  are  formed,  a portion  of  which 
dissolves  in  the  water,  and  is  again  slowly  precipitated  in  the  form  of 
subcarbonate.  (Yorke,  Phil.  Mag.,  August,  1834.)  In  this  case  the 
oxygen  is  imparted  by  the  air  held  in  solution  in  the  water ; the  film  of 
oxide  thus  formed  is  soluble  to  a small  extent  in  the  pure  water,  and  is 
thrown  down  in  proportion  as  it  passes  into  the  state  of  carbonate. 
Christison  has  observed,  that  the  compound  of  lead  which  is  formed  in 
these  cases  is  frequently  crystalline,  and  therefore  probably  of  definite 
composition;  and  on  examining  it  in  this  state,  he  found  it  to  be  a hy- 
drated oxicarbonate  represented  by  the  formula  3PbO  -f  2C02  + HO.  On 
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filtering  this  contaminated  water,  the  greater  part  of  the  lead  is  retained 
by  the  fibres  of  the  paper.  (Yorke,  Mem.  Chem.  Aoc.,  II.,  399.)  A 
very  minute  trace  of  sulphuric  acid,  or  of  a soluble  sulphate,  in  the 
water,  prevents  this  continuous  corrosive  effect,  and  hence  it  is  that 
common  river  and  spring  water  is  kept  with  considerable  impunity  in 
leaden  cisterns,  which,  however,  should  have  wooden  and  not  leaden 
covers ; in  the  latter  case,  the  vapor  of  the  water  below  condenses  upon 
the  cover,  and  often  tends  to  its  corrosion,  it  being  in  fact  distilled  water, 
and  not  therefore  prevented  in  its  action  by  saline  matters.  Where 
spring  water  is  extremely  free  from  saline  substances,  or  only  contains 
such  as  do  not  in  very  small  quantity  furnish  a protective  coating ; or 
where  rain  water  is  preserved  in  lead,  and  where,  consequently,  poison- 
ous effects  might  be  apprehended  from  its  use,  the  pipes  and  cisterns  may 
he  filled  with  a very  w^eak  solution  of  phosphate  of  soda,  by  which  they 
will  become  so  covered  by  an  insoluble  film  as  to  resist  further  action. 
Dr.  Christison  says  that  he  successfully  resorted  to  this  expedient  in  a case 
detailed  in  the  Edinb.  Phil.  Trans.  (XY.,  271,)  to  "which  he  adds  the  fol- 
lowing remarks:  “ 1.  Lead  pipes  ought  not  to  be  used  without  a chemical 
examination  of  the  water  to  be  transmitted.  2.  The  risk  of  dangerous 
impregnation  is  greatest  in  the  purest  waters.  3.  Water  which  tarnishes 
polished  lead,  when  left  in  contact  wdth  it  for  a few  hours,  cannot  be 
safely  transmitted  through  lead  pipes  without  certain  precautions.  4. 
Water  containing  less  than  an  8000th  of  salts  in  solution  cannot  be  safely 
conducted  in  lead  without  certain  precautions.  5.  Even  this  proportion 
will  prove  insufficient  to  prevent  corrosion,  unless  a considerable  part  of 
the  saline  matter  consist  of  carbonates  and  sulphates,  especially  the 
former.  0.  So  large  a proportion  as  a 4000th  wall  be  insufficient,  if  the 
salts  be  chiefly  chlorides.”  Another  source  of  contamination  by  lead  may 
may  arise  from  electric  action,  as  where  iron  or  copper  bars,  screws,  or 
pipes,  are  in  contact  with  or  soldered  into  lead : and  in  these  cases, 
owing  to  the  action  of  alkaline  bases  as  well  as  of  acids  upon  the  lead, 
danger  may  occur  when  it  is  thrown  into  an  electro-negative  as  well  as 
electro-positive  state.  Cisterns  are  sometimes  corroded,  and  holes  eaten 
through  their  bottoms  by  pieces  of  mortar  having  dropped  into  them, 
the  lime  of  which  has  tended  to  oxidize  the  metal,  and  dissolve  the 
oxide.  The  means  of  detecting  lead  are  fortunately  simple  and  delicate, 
as  will  appear  from  the  sequel.  The  equivalent  of  lead  is  104.  (104 

Gmelin:  103'56  Berzelius:  103*6  Turner:  103*73  Graham.) 

Oxides  of  Lead.  There  appear  to  be  five  definite  combinations  of 
lead  and  oxygen,  namely  a dioxide  or  siihoxide.,  Pb2  O;  a protoxide.,  PbO; 
an  intermediate  oxide  generally  known  as  red  oxide.,  Pb3  04 ; a sesqui- 
oxide  Pb2  03;  and  a peroxide,  Pb02.  Of  these  oxides,  the  protoxide  only 
is  salifiable. 

Dioxide  of  Lead.  Suboxide  of  Lead.  Pb2  0.  When  oxalate  of  lead 
is  carefully  heated  in  a fusible  metal  bath  to  about  570°  in  a small  retort, 
carbonic  oxide  and  carbonic  acid  are  evolved,  and  a dark-grey  powder 
remains,  which  is  resolved  by  acids  into  protoxide  and  metallic  lead,  and 
which,  according  to  Dulong,  is  a definite  suboxide.  The  grey  powder 
with  which  lead  that  has  been  long  exposed  to  air,  especially  if  heated, 
becomes  covered,  is,  according  to  Berzelius,  similar  in  composition. 
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Boussiiigault  found  that  mercury  triturated  under  water  with  this  oxide, 
abstracts  no  lead  from  it,  and  therefore  infers  that  it  is  not  a mixture  of 
metallic  lead  with  the  protoxide,  notwithstanding  its  resolution  into  such 
a mixture  by  acids.  {Ann.  Ch.  et  Ph.,  Liv.  264.)  The  decomposition  of 
oxalate  of  lead  has  been  carefully  and  accurately  investigated  by  Pelouze. 
{Ann.  Ch.  et  Ph..^  3 Ser.  iv.  108.)  He  finds  the  products  vary  with  the  tem- 
perature, but  if  this  he  maintained  at  about  570^  (.300°  Cent.)  carbonic  acid 
and  carbonic  oxide,  in  the  relative  proportions  of  3 to  1,  are  evolved,  and 
a true  suboxide  or  dioxide  of  lead  remains : that  is,  2 equivalents  of 
oxalate  of  lead  yield  1 of  dioxide,  3 of  carbonic  acid,  and  1 of  carbonic 
oxide,  or  2[PbO,C2  03]  =::=Pb2  O -+-3002— CO. 

Dioxide  of  lead  is  a black  powder,  upon  which  at  common  tempera- 
tures mercury  has  no  action : it  contains  no  protoxide  of  lead,  for  when 
boiled  out  of  the  contact  of  air  with  sugar  (which  readily  dissolves  the 
protoxide)  nothing  is  taken  up.  Nitric,  sulphuric,  hydrochloric,  and 
acetic  acids  resolve  it  into  finely-divided  metallic  lead  and  protoxide. 
The  soluble  alkalis  produce  a similar  change,  so  also  does  nitrate  of  lead ; 
in  a weak  solution  of  this  salt  the  dioxide  gradually  disappears,  and  the 
boiling  filtered  solution  deposits  a mixture  of  nitrate,  and  basic  nitrate  of 
lead.  Moistened  and  exposed  to  air,  this  dioxide  heats  and  becomes 
■white,  passing  into  hydrated  protoxide : at  a dull  red-heat  it  decom- 
poses into  a mixture  of  lead  and  protoxide.  The  components  of  this 
oxide  are 

Lead  2 ....  208  ....  963 

Oxygen  1 ....  8 ....  3’7 

Dioxide  of  lead 1 216  100*0 

Protoxide  of  Lead,  PbO,  is  formed,  (1 .)  by  raising  the  tempera- 
ture of  melted  lead  to  a -white-heat,  wLen  it  burns  wdth  a brilliant  flame, 
and  forms  copious  fumes  of  protoxide.  (2.)  By  exposing  the  grey 
powder  Avhich  gradually  collects  upon  the  surface  of  melted  lead,  to  the 
further  action  of  heat  and  air  till  it  acquires  an  uniform  yellow  color. 
(3.)  By  exposing  pure  nitrate,  or  subnitrate,  or  carbonate  of  lead,  to  a 
dull  red-heat  out  of  contact  of  air,  and  taking  care  to  avoid  fusion.  (4.) 
When  a solution  of  acetate  of  lead  is  dropped  into  a solution  of  ammonia, 
the  white  powder  which  falls  is  a hijdrated  oxide.,  which  examined  by  a 
microscope,  is  in  the  form  of  small  prismatic  crystals.  Payen  obtained 
this  hydrated  oxide,  together  with  crystals  of  anhydrous  protoxide,  by 
decomposing  tribasic  acetate  of  lead  by  ammonia.  {Ann.  Ch.  et  Ph., 
Lxvi.  54.)  When  this  oxide  is  heated  it  has  a red  color,  but  in  its 
ordinary  state  it  is  lemon  or  orange-yellow,  according  to  the  mode  in 
which  it  has  been  prepared,  and  is  known  under  the  name  of  Massicot. 
At  a high  red-heat  it  fuses,  and  forms,  on  cooling,  a lamellar  vitreous  mass 
of  a reddish-brown  color : this  is  often  obtained  in  scales,  under  the 
name  of  Litharge,  which,  when  of  a red  color  from  the  presence  of 
minium,  was  called  Litharge  of  Gold,  the  paler  varieties  being  termed 
Litharge  of  Silver.  When  of  a dark  hne  from  the  presence  of  a little 
sulphuret  of  antimony,  these  vitrified  oxides  are  known  by  the  German 
term  Abstrich. 

Protoxide  of  lead  is  a salifiable  base,  forming  neutral  salts  with  the 
acids;  and,  in  many  instances,  subsalts,  which  have  an  alkaline  reaction; 
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■when  moist  or  in  the  state  of  hydrate,  (and  even  Avhen  dry,  according  to 
Derzelius,)  it  absorbs  carbonic  acid  from  the  atmospliere,  and  gradnall3^ 
acquires  the  property  of  dissolving  in  acids  ’with  eflervescence.  It  is 
soluble  ill  potassa  and  soda,  forming  yellow  liquids,  wliicli  after  a time 
gradually  deposit  micaceous  or  dodecahedral  cr^^stals  of  anhydrous  oxide 
of  lead,  probably  in  consequence  of  the  slow  absorption  of  carbonic  acid 
by  the  alkali;  it  combines  with  baryta,  strontia,  and  lime,  forming  com- 
pounds of  sparing  solubility,  and  easily  decomposed  even  by  the  weakest 
acids : a paste  or  wash,  containing  hydrate  of  lime  and  oxide  of  lead, 
is  used  to  blacken  hair,  which  it  does  in  consequence  of  the  formation  of 
a black  sulphuret  arising  out  of  the  combination  of  the  sulphur  in  the 
hair  with  the  metal  of  the  oxide,  while  the  lime  by  uniting  with  the  oily 
matter  facilitates  the  effect. 

When  oxide  of  lead  is  fused  with  the  earths  and  metallic  oxides,  it 
forms  vitreous  and  in  some  cases  very  fusible  compounds,  hence  its  use  in 
the  manufacture  of  glass ; hence  also  the  readiness  with  which  it  corrodes 
common  crucibles  when  it  is  kept  for  a sufficient  time  in  fusion  in  them. 
Heated  with  charcoal,  this  and  the  other  oxides  of  lead  are  easily  reduced 
to  the  state  of  metal ; they  are  also  reduced,  when  heated  in  hydrogen  or 
coal  gas.  This  oxide  consists  of 

Diiberemer.Vauquelin.  J.  Davy.  Proust.  Richter. 

Lead 1 ....  104  ....  92-857  ....  93-02  ....  93  ....  92-85  ....  91  ....  88-5 

Oxygen  1 ....  8 ....  7-1^3  ....  6 98  ....  7 ....  7-15  ....  9 ....  11-5 

Protoxide  of  lead  1 112  100  000  100-00  100  100-00  100  lOO’O 

The  hydrated  oxide,  when  dried  at  about  100^,  is  a soft  ciystalline 
powder  r=:3PbO,IIO : it  is  slightly  soluble  in  pure  water,  and  the  solu- 
tion has  an  alkaline  reaction  ; it  loses  water,  and  gradually  becomes 
anhydrous  when  heated  to  about  K)0A  The  influence  of  carbonic  acid 
and  minute  portions  of  saline  substances  upon  the  solubility  of  this 
hydrate,  has  already  been  noticed.  It  consists  of 

Mitscherlich.  Paj’en. 

Protoxide  of  lead 3 ....  336  ....  97‘39  ....  96-5  ....  97’35 

Water  1 ....  9 ....  2-61  ....  3-5  ....  2-65 

Hydrate  of  protoxide  of  lead  1 345  100-00  100-0  lOO'O 

IxED  Oxide  of  Lead.  Minium.  Red  Lead.  Pb3,04,  This  sub- 
stance, which  is  well  known  as  a common  red  pigment  of  a sp.  gr. 
between  8‘6,  and  9,  is  made  by  exposing  protoxide  of  lead  to  the  action 
of  heat  and  air,  so  as  to  oxidize,  without  fusing  it,  the  temperature 
required  for  this  purpose  being  betw'een  570°  and  580°;  it  gradually 
acquires  a fine  red  color,  the  splendor  of  wdiich,  however,  goes  off  by 
exposure  to  light.  To  obtain  it  of  a brilliant  color  it  requires  to  be 
made  in  large  quantities  and  with  several  precautions:  the  method  for- 
merlv  employed  in  Derbyshire  is  described  in  Watson’s  Chemical  Essays. 
This  oxide  is  not  salifiable,  but  the  acids  convert  it  into  protoxide  and  per- 
oxide; they  combine  wdth  the  former,  and  leave  the  latter  in  the  form  of  an 
insoluble  browni  powder;  so  that  red  lead  may  be  considered  as  a com- 
pound of  protoxide  and  peroxide  (or  a diplumhaie  of  lead)  — 2Pb0,Pb02. 
The  minium  of  commerce  is,  how-ever,  of  variable  composition,  and  gene- 
rally contains  excess  of  protoxide,  w-hich  may  be  separated  by  very  dilute 
acetic  acid,  (Phillips,)  or  better,  according  to  Dumas,  [Ann.  Ch,  et  Ph. 
Yol.  II.  3 K 
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xLix.)  by  digestion  in  solution  of  acetate  of  lead.  It  is  not  easily  made 
upon  a small  scale,  but  Fremy  and  Levol  obtained  it  in  the  humid  way,  by 
precipitating  a hot  solution  of  protoxide  of  lead  in  potassa,  by  peroxide  of 
lead.  {Ann.  Ch.  eL  Ph.^  lxxv.)  When  exposed  to  a temperature  some- 
what above  that  required  for  its  formation,  minium  gives  off  oxygen,  and 
reverts  to  the  state  of  protoxide  : it  was  thus  originally  used  as  a source 
of  oxygen  gas  by  Priestley.  The  most  perfect  and  brilliant  minium  as 
respects  color,  is  said  to  be  obtained  by  heating  and  stirring  pure  carbo- 
nate of  lead  in  a current  of  air  at  a temperature  a little  short  of  600°. 

Minium,  as  above  stated,  is  easily  decomposed  by  the  acids ; thus 
nitric  acid  resolves  it  readily  into  insoluble  peroxide,  while  a soluble 
nitrate  of  the  protoxide  is  at  the  same  time  formed.  Hydrochloric  acid, 
in  small  quantity,  (2  atoms  to  I of  minium,)  produces  with  it  chloride 
and  peroxide  of  lead,  and  water.  Pb3()4-{- 2HC1  3PbCl -f  Pb02 
-1-2HO:  in  larger  quantity  the  products  are  chloride  of  lead,  water,  and 
free  chlorine;  Pb3  04 -4-4HCl=3PbCl +4HO + C1.  With  an  aqueous 
solution  of  chlorine  it  affords  chloride  and  peroxide  of  lead.  Pb3, 04  -f-  Cl 
rz::PbCl  + 2Pb02.  The  components  of  minium  may  be  represented  by 
either  of  the  following  formulae  : 

Lead  ....  3..,.312...,90’7l  or  f Protoxide 2.,..224.,..65'12'1  or J Protoxide  1..,.  11 2.,.. 32 ‘56 
Oxygen  4....  32....  9'3|  = jPeroxide  1. ... 120. .. .34'88j  =tSesquioxidel.... 232. ...67*44 

PbsOt 344  100-0  2Pb0,Pb02  344  lOO’OO  PbO,Pb2  Os  344  100*00 

Sesquioxide  op  Lead.  Pb2  03.  Chloride  of  soda,  added  to  solutions 
of  the  salts  of  lead,  throws  down  an  orange -colored  precipitate,  which  is 
a mixture  of  sesquioxide  and  chloride  of  lead:  to  obtain  this  oxide  free 
from  chloride,  add  excess  of  potassa  to  nitrate  of  lead  so  as  to  redissolve 
the  precipitated  hydrated  oxide;  then  precipitate  by  chloride  of  soda,  wash 
the  precipitate,  and  dry  it  in  vacuo  over  sulphuric  acid.  It  is  an  orange- 
colored  crystalline  powder,  resolved  by  a red-heat  into  3*5  per  cent,  oxygen 
and  96*5  protoxide:  with  nitric  acid  it  yields  a protonitrate  and  peroxide; 
and  with  hydrochloric  acid,  chlorine  and  chloride  of  lead.  (Winkelblech, 
Ann.  tier  Pharm.^  xxi.)  Its  components  are 


Winkelblech. 

Lead 2 ....  208  ....  89-66  ....  89*64 

Oxygen  3 ....  24  ....  10*34  ....  10*36 


Sesquioxide  of  lead 1 232  100*00  100*00 


Peroxide  of  Lead.  Binoxide  of  Lead.  Plumbic  Acid.  Pb02.  This 
oxide  is  obtained  in  the  form  of  an  insoluble  brown  powder  by  digesting 
minium  in  cold  nitric  acid;  or  by  heating  salts  of  lead  with  chloride  of 
soda ; or  by  passing  chlorine  through  minium  diffused  in  water,  or  through 
a solution  of  acetate  of  lead,  and  thoroughly  washing  the  product  in  hot 
water  to  remove  the  chloride  of  lead:  the  first  is  the  best  process,  if  the 
minium  and  nitric  acid  be  pure ; the  resulting  oxide  only  requires  to  be 
boiled  in  very  dilute  nitric  acid,  then  well  washed,  and  dried  at  212°. 

This  oxide  is  an  excellent  conductor  of  electricity.  (Faraday.)  At 
a red-heat  it  gives  off  oxygen,  and  is  converted  into  protoxide.  By  the 
continued  action  of  light  or  of  a gentle  heat  it  is  resolved  into  oxygen  and 
minium.  Digested  in  liquid  ammonia,  a mutual  decomposition  takes 
place,  and  water  and  nitrate  of  lead  are  formed.  Triturated  with  a fifth 
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of  its  weiglit  of  sulphur,  it  inflames  spontaneously;  or  with  half  its  weiglit 
of  sulphur  when  touched  with  oil  of  vitriol.  It  is  also  decomposed  with  the 
evolution  of  heat  when  rubbed  with  an  eighth  of  its  weight  of  sugar;  or  with 
its  weight  of  crystallized  oxalic  acid,  with  which  it  forms  water,  carbonic 
acid,  and  carbonate  of  lead.  With  hydrochloric  acid,  it  furnishes  chlo- 
rine and  chloride  of  lead.  When  boiled  in  nitric  or  sulphuric  acid,  oxygen 
is  evolved  and  salts  of  the  protoxide  are  formed.  It  absorbs  sulphurous 
acid  gas  ■with  the  evolution  of  much  heat,  or  even  with  ignition,  and  forms 
sulphate  of  lead;  hence  its  occasional  use  in  the  analysis  of  gaseous 
mixtures,  to  separate  sulphurous  from  carbonic  acid  gas.  It  consists  of 


Berzelius. 

Lead I ....  104  ....  86*67  ....  86*51 

Oxygen  2 ....  16  ....  13*33  ....  13*49 


Peroxide  of  lead 1 120  100*00  100*00 


PlumBxVte  of  Potassa.  When  potassa,  moistened  with  a little  water, 
and  peroxide  of  lead  are  heated  for  a short  time  in  a silver  crucible,  a 
compound  is  obtained  wPich,  dissolved  in  a small  proportion  of  water  and 
slowly  evaporated,  yields  transparent  crystals  rm  KO,Pb02, 3110  : they 
are  deliquescent  rhomboids,  soluble  without  decomposition  in  solution  of 
potassa,  but  resolved  by  pure  water  into  hydrated  peroxide  of  lead,  and 
a brown  solution  of  hiplumhate  of  potassa.  Plumbate  of  Soda  may  be 
obtained  in  the  same  'way,  but  it  is  little  soluble  in  water.  The  insoluble 
plumbates  are  formed  by  heating  mixtures  of  the  bases  Avith  protoxide  of 
lead,  in  the  air,  Avhen  oxygen  is  absorbed.  Vlumhate  of  lime  and  of 
haryla  are  so  formed.  (Fremy,  Ann.  Ch.  et  Ph.,  Dec.  1844,  p.  490.) 
Under  this  aspect  minium  is  a plumbate  of  lead,  zzr  PbO,Pb02. 

MetaUo~chro7nes.  When  solutions  of  the  salts  of  lead  are  electrolysed, 
they  deposit  its  peroxide  on  the  positive  electrode.  When  thin  flms  of 
peroxide  of  lead  are  thus  formed  by  electrolytic  action  upon  polished 
steel-plates,  they  give  rise  to  those  beautiful  prismatic  tints  which  Nobili 
originally  described  under  the  above  name  : the  most  perfect  specimens 
Avhich  I have  seen  in  this  country  Avere  produced  by  Mr.  Gassiot,  to  AAdiom 
I am  indebted  for  the  folloAving  memorandum  upon  the  subject.  “Into 
a clear  saturated  solution  of  acetate  of  lead  place  a bright  polished  steel- 
plate,  and  on  this  a piece  of  thick  card-board,  out  of  Avhich  the  required 
figure  has  been  cut;  a ring  of  Avood  of  the  size  of  the  figure  is  then  placed 
on  the  card,  on  Avhich  rests  a copper  disc,  slightly  concave,  or  convex, 
according  as  you  may  require  the  different  colors : connect  the  positive 
electrode  of  a voltaic  battery  (I  generally  used  three  or  four  of  DanielFs 
cells)  Avith  the  steel-plate,  and  the  negative  Avith  the  copper  disc.  The 
beauty  of  the  figure  Avill  depend  on  the  energy  of  the  battery,  the  strength 
of  the  solution,  and  the  time  employed ; but,  as  above,  from  six  to  fifteen 
seconds  is  sufficient.  Instead  of  the  card  and  copper  disc,  I sometimes 
use  negative  electrodes  composed  of  copper  Avire  in  different  forms;  the 
colors  then  overlap  each  other  with  their  gorgeous  tints  in  the  most  beau- 
tiful manner.  The  ultimate  size  of  the  figure  is  dependent  upon  that  of 
the  elements  used ; for  instance,  in  attempting  to  make  a figure  of  about 
eighteen  to  tAventy  inches  diameter,  I found  it  requisite  to  combine  tAvo 
or  more  zincs  and  two  or  more  coppers  together ; the  size  of  the  figure 
depending  on  the  quantity,  and  the  rapidity  of  its  production  on  the 
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intensity  of  tlie  electricity  and  approximation  of  tlie  electrodes,  tliat  is,  of 
steel-plate  and  copper  disc.”  (A  notice  of  these  experiments  will  be  found 
in  the  Pi’oceeclings  of  the  Royal  Society^  March,  1840.) 

Chloride  op  Lead.  PbCI.  When  laminated  lead  is  heated  in  chlo- 
rine, the  gas  is  absorbed,  and  a chloride  of  lead  results.  (J.  Davy,  Phil. 
Tr  'a?is.^  1812.)  The  same  substance  is  obtained  by  adding  hydrochloric 
acid,  or  a solution  of  chloride  of  sodium,  to  a concentrated  solution  of 
nitrate  of  lead,  washing  the  precipitate  in  cold  water,  and  drying  at  212°; 
it  is  also  formed  when  the  oxides  of  lead  are  digested  with  heat,  in  hy- 
drochloric acid.  It  is  white  and  fusible,  and,  on  cooling,  forms  a horn- 
like substance  {plumbum  corneuni)  of  the  specific  gravity  of  5T3.  It  does 
not  absorb  ammonia.  (Faraday.)  It  volatilizes  at  a high  temperature, 
provided  air  has  access,  in  which  case  a portion  of  oxide  of  lead  is  also 
formed.  It  is  reduced  by  carbonic  oxide  at  a red-heat,  with  the  formation 
of  chlorocarbonic  acid.  (Gobel.)  It  dissolves  in  130  parts  of  water  at 
60°,  but  is  much  more  soluble  at  212°,  separating,  as  its  solution  cools,  in 
small  anhydrous  acicular  crystals,  unchanged  by  exposure  to  air,  and  of 
a sweetish  taste.  Its  solubility  in  water  is  greatly  diminished  by  the 
presence  of  a little  hydrochloric  acid,  so  that  it  is  separated  from  water  by 
the  addition  of  that  acid ; yet  it  is  very  soluble  in  strong  hydrochloric  acid, 
and  is  precipitated  on  dilution.  It  dissolves  rather  copiously  in  solutions 
of  the  alkaline  hyposulphites.  (Herschel.)  It  is  insoluble  in  alcohol. 
Chloride  of  lead  consists  of 


Lead 

Chlorine 


Chloride  of  lead  1 


104 

36 

140 


74-3 

257 

1000 


J.  Davy. 

74-22 

25-78 

100-00 


Dobereiner. 

75-758 

24-242 

100-000 


Native  Chloride  of  Lead  occurs  amongst  the  products  of  Vesuvius, 
in  small  acicular  crystals:  a dichloride  of  lead.,  Pb2Cl,  has  been  found  in 
the  Mendip-hills,  in  Somersetshire;  it  forms  fibrous  yellow  crystalline 
masses  upon  a black  ore  of  manganese;  a native  oxichloride  of  lead  (very 
rare)  has  been  found  in  the  same  locality. 

Oxichloride  of  Lead.  When  chloride  of  lead  is  heated  in  the  air 
till  it  ceases  to  give  off  fumes,  a compound  remains  =:  PbCl-f-PbO:  it 
may  also  be  formed  by  fusing  together  atomic  equivalents  of  chloride  and 
oxide,  or  chloride  and  carbonate  of  lead ; it  is  a yellow  crystalline  com- 
pound. Mendipite,  the  native  oxichloride  above  alluded  to,  appears  to 
be  PbCl,2PbO.  Other  combinations  may  be  formed  by  fusion.  A hy- 
drated compound  of  chloride  and  oxide  of  lead  is  sometimes  prepared  by 
acting  upon  a solution  of  common  salt  by  litharge ; solution  of  soda,  and 
oxide  and  chloride  of  lead  are  formed  ; this  insoluble  residue,  when  reii- 
hered  anhydrous  by  fusion,  is  known  under  the  name  of  patent  yellow. 
Turner  s yellow,  or  Cassel  yellow.  When  treated  by  nitric  acid,  it  forms 
nitrate  of  lead,  and  a portion  of  chloride  separates.  A similar  compound 
may  be  obtained  by  fusing  together  I part  of  chloride  with  4 or  5 of  oxide 
of  lead,  or  by  heating  1 part  of  sal-ammoniac  with  10  of  oxide  of  lead. 
According  to  Berzelius,  a hydrated  tribasic  oxichloride  of  lead,  PbCl, 
3PbO,IIO,  is  thrown  down  in  the  form  of  a white  insoluble  powder  when 
ammonia  is  added  to  a solution  of  chloride  of  lead.  In  fusinsf  these 
oxichlorides  great  care  must  be  taken  to  avoid  the  presence  of  inflam- 
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maLle  matter,  by  ^vliicli  they  are  readily  discolored  in  consequence  of  tlie 
reduction  of  a portion  of  lead ; their  fusion  is  best  eftected  in  a muffle. 

Chlorite  of  Lead.  IMillon  describes  a salt  represented  as  Pb0,C103. 
Ch.  ct  Ph.,  N.S.  vii.  327.) 

Chlorate  of  Lead,  Pb0,C105,  is  obtained  by  digesting  the  jirotoxide 
in  chloric  acid:  it  separates  by  slow  evaporation,  in  white  crystalline 
flakes,  of  a very  sweet  taste.  When  heated,  it  gives  out  oxygen,  and 
becomes  a chloride.  When  chlorine  is  passed  through  protoxide  of  lead 
diffused  in  water,  chloride  and  peroxide  of  lead  are  formed,  but  no  chlo- 
rate. (Vauquelin,  A?i?i.  cle  Cli.^  xcv.)  By  saturating  pure  chloric  acid  with 
oxide  of  lead,  and  evaporating  the  filtered  solution  over  a spirit  lamp, 
Waecbter  obtained  this  salt  in  rhombic  prisms,  becoming  opaque  by  expo- 
sure to  air,  (Pb0,C105,II0,)  soluble  in  water  and  alcohol,  and  detonating 
violently  when  mixed  Avith  comljustibles  and  subjected  to  the  blow  of  a 
hammer.  At  302^  they  lose  4’59  cent,  of  Avater,  and  at  446^^  suddenly 
decompose  into  chlorine,  oxygen,  and  a black  residue  of  peroxide  and  chlo- 
ride of  lead,  Avhich,  on  further  ignition,  becomes  a definite  basic  compound 
= PbO,2PbCl. 

Perchlorate  of  Lead.  Pb0,C107.  The  solution  of  oxide  of  lead 
in  perchloric  acid  yields  small  prisms,  not  deliquescent,  but  soluble  in 
about  their  oAvn  Aveight  of  Avater.  (Serullas.) 

Iodide  op  Lead,  Pbl,  may  be  formed  by  heating  leaf-lead  AAnth 
iodine ; it  is  most  readily  obtained  by  adding  iodide  of  potassium  to  solu- 
tion of  nitrate  of  lead,  in  equivalent  proportions : it  then  falls  in  the  form 
of  a bright  yelloAv  poAvder,  soluble  in  about  1250  of  cold,  and  200  parts 
of  boiling  AA'ater,  and  separates  as  this  solution  cools,  in  beautiful  brilliant 
flakes,  Avhich  are  often  hexahedral:  their  sp.  gr.  is  about  6*1.  In  this 
crj^stalline  state  it  retains  its  color,  but  the  pulverulent  iodide  becomes 
pale  by  exposure  to  light.  When  gently  heated  it  becomes  deeper 
colored,  and  even  broAvn,  but  again  yellow  on  cooling:  at  higher  tempe- 
ratures it  fuses,  and  Amlatilizes  at  a strong  red-heat.  When  boiled  in 
Avater  Avith  zinc  or  iron,  iodides  of  those  metals  are  formed  and  lead  pre- 
cipitated. It  is  soluble  in  aqueous  solution  of  potassa  and  soda,  forming 
double  salts;  boiled  Avith  carbonate  of  potassa,  it  forms  carbonate  of  lead 
and  iodide  of  potassium.  It  becomes  Avhite  AA’hen  digested  in  caustic 
ammonia,  forming  an  iodo-pbunhate  — NIT3,PbI ; the  same  compound  is 
obtained  by  the  action  of  gaseous  ammonia  upon  the  iodide.  Iodide 
of  lead  is  soluble  in  boiling  hydrochloric  acid,  and  the  solution  as  it  cools 
deposits  radiated  prismatic  crystals  of  a yclloAV  color,  composed  of  iodide 
and  chloride  of  lead.  It  dissolves  in  concentrated  solutions  of  the  alka- 
line iodides,  but  is  throAvn  doAAui  Avhen  they  are  largely  diluted.  An 
iodide  of  lead  and  sodimn  is  thus  formed  by  adding  slight  excess  of 
iodide  of  sodium  to  a hot  solution  of  iodide  of  lead,  and  placing  the 
liquid  in  a AAaarm  place:  it  separates  in  yelloAV  shining  laminae  rz; Nal, 
2PbI.  It  appears  slightly  soluble  in  alcohol.  It  consists  ot 

Henry.  Brandes. 

• Lead  I ....  104  ....  4o*22  ....  45-1  ....  44-.08 

Iodine  1 12G  ....  54'78  ....  tj4*!)  ....  55*02 


Iodide  of  lead  ....  1 


230 


100*00 


100*0 


100*00 
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OxiODiDES  OF  Lead.  According  to  Denot  and  Brandes,  there  are  three 
of  these  compounds.  (1.)  PbI,PbO,  formed  by  adding  excess  of  acetate 
of  lead  to  iodide  of  potassium,  and  boiling  the  precipitate  in  water  to 
dissolve  out  the  iodide  of  lead;  or  better,  by  precipitating  iodide  of  potas- 
sium by  bibasic  acetate  of  lead  : it  is  a yellow  or  greenish-yellow  com- 
pound, fusible  at  a dull  red-heat,  insoluble  in  water,  and  resolved  by 
acetic  acid  into  oxide  of  lead,  which  is  dissolved,  and  iodide,  which 
remains.  (2.)  PbI,2PbO  falls  on  adding  tribasic  acetate  of  lead  to  excess 
of  iodide  of  potassium.  (3.)  PbI-i-5PbO  is  the  result  of  the  decompo- 
sition of  sexbasic  acetate  of  lead  by  iodide  of  potassium.  (Graham.) 

A red  compound  of  iodine  and  oxide  of  lead  is  formed,  according  to 
Jammes,  by  placing  pure  and  moist  hydrated  oxide  of  lead  in  contact 
with  recently-prepared  tincture  of  iodine,  or  with  powdered  iodine,  and 
washing  the  product  Avith  alcohol,  to  separate  any  excess  of  iodine ; the 
addition  of  a few  drops  of  nitrate  or  acetate  of  lead  produces  a blue  com- 
pound. {Journ.  de  Pharm.^  April,  1843.)  When  iodide  of  lead  is  di- 
gested in  hot  hydriodic  acid,  the  solution  deposits  Avhite  silky  crystals 
on  cooling,  which  are  an  hydriodate  of  iodide  of  lead:  they  are  decomposed 
by  Avater  into  hydriodic  acid  and  iodide. 

Iodide  of  Lead  and  Potassium.  When  excess  of  iodide  of  lead  is 
digested  in  a concentrated  solution  of  iodide  of  potassium,  a solution  is 
formed  Avhich  yields  on  evaporation  a mass  of  silky  crystals ; this  com- 
pound = 2PbI,Kl5  is  decomposed  both  by  Avater  and  alcohol,  which 
separate  iodide  of  lead.  When  the  alkaline  iodide  is  used  in  excess,  the 
resulting  compound  is  PbI,2KI.  (Boullay.) 

loDATE  of  Lead,  Pb0,I05,  is  throAvn  doAvn  in  the  form  of  a Avhite 
poAvder  on  adding  iodate  of  potassa  to  any  of  the  soluble  salts  of  lead.  It 
redissolves  in  excess  of  the  acid.  (Pleischl.) 

Bromide  of  Lead,  PbBr,  is  precipitated  from  a solution  of  lead  by 
hydrobromic  acid  or  bromide  of  potassium ; it  is  Avhite,  crystalline,  fusible, 
and  concretes  on  cooling  into  a yellow  mass,  the  sp.  gr.  of  which  is  6’63. 
It  is  sparingly  soluble  in  cold  Avater,  and  its  boiling  solution  deposits 
shining  acicular  crystals.  When  first  precipitated,  it  is  decomposed  by  cold 
sulphuric  and  nitric  acids ; but  when  fused,  it  requires  boiling  sulphuric 
acid  to  produce  that  effect.  (Balard,  Ann.  Cfi.  et  Ph.,  xxxii.  359.) 
When  heated  in  the  air  till  it  no  longer  exhales  vapors,  it  yields  a yellow 
oxihro7nide.  It  consists  of 


Lowig. 

Lead  ] ....  104  ....  57-2  ....  59-2 

Bromine  1 ....  78  ....  42-8  ....  40-8 


Bromide  of  lead 1 182  lOO'O  lOO'O 


Bromate  of  Lead,  Pb0,Br05,  is  thrown  doAvn  in  the  form  of  a Avhite 
precipitate,  by  adding  bromic  acid  to  a concentrated  solution  of  nitrate 
of  lead;  it  falls  as  a crystalline  powder,  Pb0,Br05,H0,  Avhich  becomes 
anhydrous  Avhen  dried  in  A^acuo  over  sulphuric  acid.  (Rammelsberg, 
Poggend.,  Lii.  96.) 

Fluoride  of  Lead,  PbF,  is  almost  insoluble,  and  obtained  by  adding 
hydrofluoric  acid  to  nitrate  of  lead,  Avheu  it  falls  in  the  form  of  a Avhite 
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powder,  soluble  in  nitric  UTid  hydrochloric  acids,  by  Avhich,  when  evapo- 
rated, it  is  decomposed.  Ammonia  converts  the  fluoride  into  a suhjluoride 
of  lead,  which  is  more  soluble  than  the  former.  It  is  yellow  after  fusion, 
and  easily  decomposed  by  cold  sulphuric  acid.  (Berzelius.  Gay  Lus- 
SAC,  and  Thenard.) 

Hyponitrite  of  Lead.  {Nitrite  of  lead.  Salpetrigsaures  Bleioxyd. 
Gmelin.  Berzelius.)  When  I part  of  neutral  nitrate  of  lead  and  about 
2 of  metallic  lead  are  boiled  together  for  12  hours  in  water,  the  filtered 
solution  yields,  on  cooling,  pale  red  acicular  crystals,  alkaline  to  tests, 
soluble  in  about  1200  parts  of  cold,  and  34  of  boiling  w^ater  = 4PbO, 
N03,II0.  (Ciievreul.)  By  passing  carbonic  acid  through  the  solution 
of  this  salt,  it  loses  three-fourths  of  its  oxide,  and  on  evaporating  the  fil- 
trate in  vacuo,  yellow  crystals,  very  soluble,  and  easily  decomposed,  are 
obtained  Pb0,N03.  (Peligot.) 

Nitrite  of  Lead.  {Hyjjojiitrate  of  Lead.  Untersalpetersaiires 
Bleioxid.  Gmelin.  Berzelius.)/  When  166  parts  (1  atom)  of  neu- 
tral nitrate  of  lead,  and  156  of  metallic  lead  (1’5  atom),  are  boiled  in  a 
large  proportion  of  water,  the  yellow  filtrate  yields,  on  cooling,  orange- 
colored  prismatic  crystals,  soluble  in  1250  of  cold,  and  34  of  boiling  water 
=:7Pb0,2N04,3II0,  or  perhaps  — 4Pb0,N04,2H0.  When  100  parts 
of  neutral  nitrate  of  lead  and  63  of  lead  (1  atom  and  1)  are  digested  toge- 
ther in  water  at  about  160°,  the  solution  on  cooling  deposits  yellow  crys- 
tals, acid  to  litmus,  soluble  in  80  parts  of  water  at  77°=  2Pb0,N04,II0. 
In  their  formation,  PbO,N05,  -l-Pb=2Pb0,N04.  (Peligot,  Ann.  Ch.  et 
Ph.^  Lxxvii.  87-) 

Nitrate  of  Lead,  PbO,N05,  is  obtained  by  dissolving  the  metal  (or 
better,  litharge)  not  in  excess,  in  hot  nitric  acid  diluted  with  2 parts  of 
W'ater,  and  evaporation.  It  crystallizes  in  tetrahedra  and  octohedra,  which 
have  a specific  gravity r=;4;  they  are  white,  anhydrous,  translucent,  harder 
than  alum,  and  of  a styptic  taste;  they  decrepitate  when  heated,  and  when 
distilled  give  out  nitrous  acid  vapor  and  oxygen,  and  protoxide  of  lead 
remains  in  the  retort ; they  are  soluble  in  between  7 ^nd  8 jiarts  of  water  at 
60°,  producing  cold;  they  are  insoluble  in  alcohol,  and  in  nitric  acid.  This 
salt  is  of  much  use  in  analytical  chemistry  as  a test  of  the  presence  of  free 
and  combined  sulphuric  acid  (except  in  allxaline  solutions,  wdiich  should 
be  first  neutralized  with  nitric  acid):  the  precipitate  (which  is  s^dphateof 
lead)  is  almost  insoluble  in  nitric  acid.  Carbonic  acid,  and  the  alkaline 
carbonates,  phosphates,  oxalates,  and  tartrates,  form  precipitates  in  a solu- 
tion of  nitrate  of  lead,  but  the  precipitates  are  soluble  in  nitric  acid. 
The  iodides  and  bromides,  and  the  chlorides,  when  not  very  dilute,  also 
precipitate  the  solution  of  nitrate  of  lead  : all  these  precipitates  are  white., 
with  the  exception  of  those  by  the  soluble  iodides,  which  are  yellow. 
With  sulphuretted  hydrogen  this  solution  of  lead  forms  a dark  brown 
or  black  precipitate  of  sulphuret  of  lead.  Nitrate  of  lead  is  always  anhy- 
drous, and  consists  of 


Diibereiner.  Chevreul. 

Oxide  of  lead 1 ....  112  ....  67-47  ....  67-6  ....  67 

Nitric  acid 1 ....  54  ....  32'53  ....  32'4  ....  33 


Nitrate  of  lead  1 166  100-00  lOO'O  100 
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Djnitrate  of  Lead.  Dibasic  Nitrate  op  Lead,  2Pb0,N05,  may 
be  formed  by  boiling  a mixture  of  equal  weights  of  nitrate  and  protoxide 
of  lead  in  water,  filtering  while  hot,  and  setting  by  to  crystallize  ; it  forms 
pearly  crystals,  of  a sweet  astringent  taste,  scarcely  soluble  in  cold  water, 
but  much  more  soluble  in  boiling  water.  (Ciievreul,  Ann.  de  Ch.,  Lxxxii.) 
The  presence  of  this  salt  is  said  to  give  a yelloAv  tint  to  the  crystals  of  the 
neutral  nitrate,  sometimes  erroneously  referred  to  iron:  it  consists  of 

Chovreul.  Berzelius. 

Oxide  of  lead  ....  2 ....  224  ....  80-58  ....  80-14  ....  80  5 

Nitric  acid  1 ....  54  ....  19-42  ....  19-86  ....  19-5 

Dinitrate  of  lead  1 278  100-00  100-00  100-0 

When  a mixture  of  carbonate  and  nitrate  of  lead  and  water  is  heated, 
carbonic  acid  is  copiously  disengaged,  and  on  filtering  the  boiling  solution 
it  deposits  crystals,  2Pb0,N05,II0.  (Pelouze,  Ann.  Ch.  el  P/z.,  3 Ser., 
iv.  107.) 

Tribasic,  or  Trisnitrate  of  Lead.  6Pb0,2N05,3II0.  When  am- 
monia is  added  somewhat  in  excess  to  a solution  of  the  neutral  nitrate, 
the  mixture  digested  in  a closed  flask,  and  further  additions  of  solution  of 
the  nitrate  so  made  as  that  ultimately  the  slightest  excess  only  of  am- 
monia may  be  perceptible,  the  precipitate,  well  washed  and  dried  out  of 
contact  of  air,  consists  of 


Berzelius. 

Oxide  of  lead  6 ....  672  ....  83-27  ....  82-98 

Nitric  acid  2 ....  108  ....  13-38  ....  13*52 

Water  3 ....  27  ....  3*35  ....  3*50 


Tribasic  nitrate  of  lead  1 807  100*00  100  00 

Sexbasic  Nitrate  of  Lead,  6Pb0,N05,IrI0,  is  an  almost  insoluble 
white  powder,  formed  by  precipitating  the  solution  of  the  neutral  nitrate 
by  ammonia,  washing  the  precipitate,  and  digesting  it  for  12  hours  in 
solution  of  ammonia.  (Berzelius.) 

SuLPiiURET  OF  Lead,  PbS,  may  be  formed  artificially  by  fusion : 
when  lead  melts,  it  suddenly  combines  with  sulphur  with  ignition.  Its 
lustre  and  color  much  resemble  pure  lead,  but  it  is  brittle,  and  requires  a 
bright  red-heat  for  fusion.  At  a white-heat  it  sublimes.  Its  specific 
gravity  is  7'58.  Boiled  with  hydrochloric  acid,  chloride  of  lead  and  sul- 
phuretted hydrogen  are  formed ; with  nitric  acid  it  is  converted  into 
sulphate  of  lead ; or,  if  the  acid  be  dilute,  nitrate  of  lead  is  formed,  and 
sulphur  separates.  Sulphuret  of  lead  may  be  obtained  in  the  humid  way, 
by  precipitating  any  salt  of  lead  by  sulphuretted  hydrogen  : the  precqii- 
tate  is  black,  or  brown  if  the  solution  be  very  dilute:  this  is  so  delicate 
a test  of  lead,  that,  according  to  Pfaff,  a solution  containing  a hundred- 
thousandth  part  of  the  metal  is  discolored  by  it,  provided  no  excess  of 
acid  be  present.  Sulphuret  of  lead  consists  of 

Proust.  Vauquelin.  Wenzel.  J.  Davj’. 

Lecad  1 ....  104  ....  86*37  ....  86  ....  80*23  ....  86-8  ....  86-9 

Sulphur  1 ....  10  ....  13-03  ....  14  ....  13-77  ....  13*2  ....  13  1 


Sulphuret  of  lead  1 120  100*00  100  100*00  lOO'O  100*0 
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Native  Sviphuret  of  Lead,  or  Galena,  is  tlie  principal  source  of  the 
commercial  demands  of  the  metal.  It  occurs  massive  and  crystallized, 
chiefly  in  the  older  secondary  rocks.  Its  primitive  form  is  the  cube,  of 
which  there  are  several  modifications,  and  among  them  the  octohedron. 
It  often  contains  traces  of  silver,  and  sometimes  in  such  quantity  as  to 
render  it  worth  separating,  which  is  effected  by  exposing  the  roasted  sul- 
phuret  to  the  action  of  heat  and  air  in  shallow  earthen  dishes ; the  lead 
becomes  oxidized  and  converted  into  litharge,  while  the  silver  is  left  pure, 
in  consequence  of  its  poAver  of  resisting  the  influence  of  heat  and  air. 
This  process  is  called  cupeUaiion.  The  litharge  is  afteim^ards  reduced 
by  fusion  Avith  charcoal.  '•‘Whenever  galena  contains  above  5 per  ce?it. 
of  silver,  several  other  metals  are  usually  associated  Avith  it : the  propor- 
tion, Avhich  may  he  profitably  extracted,  is  about  2 parts  of  silver  in  1000.” 
(Ure.)  There  is  a specular  variety  of  galena,  called  in  Derbyshire  slick- 
ensides,  and  Avhen  the  rock  pervaded  by  it  is  touched  by  the  miner’s  pick, 
it  often  splits  asunder  Avitli  a kind  of  explosion. 

The  reduction  of  galena  upon  a large  scale  is,  in  theory,  a sufficiently 
simple  process.  The  picked  ore,  after  having  been  broken  and  Avashed,  is 
roasted  in  a reverberatory  fire,  the  temperature  being  such  as  to  soften 
hut  not  fuse  it.  During  this  operation,  it  is  raked  till  the  fumes  of 
sulphur  are  dissipated,  Avhen  it  is  brought  into  perfect  fusion  ; the  lead, 
reduced  by  the  fuel,  sinks  to  the  bottom,  and  is  run  out  into  oblong 
moulds  called  pigs;  the  scoriae  are  again  melted,  and  furnish  a portion  of 
less  pure  metal.  “A  simple  and  beautiful  process  of  reduction  of  sul- 
phuret  of  lead  consists  in  roasting  the  ore  at  a moderate  temperature,  so 
that  about  one-half  of  it  shall  be  coiiA^erted  into  sulphate  of  lead  by 
oxidizement,  AA’ithout  any  of  the  sulphuric  acid  being  driven  off;  and 
then,  having  mixed  this  up  Avell  Avith  the  unaltered  portion  of  the  ore, 
increasing  the  temperature  very  rapidly  so  that  the  tAVO  shall  be  fluxed 
together  : the  result  is,  the  complete  conversion  of  the  mixture  into  sul- 
phurous acid  gas  Avhich  passes  off,  and  pure  metallic  lead  AAdiich  remains, 
the  sulphur  of  the  unaltered  ore  combining  Avith  the  sulphur  and  oxygen 
of  that  portion  Avhich  had  been  oxidized:  Pb0,S03 + PbS  =::2Pb, -f- 
2S02.”  (Kane.)  The  mines  of  Great  Britain  afford  an  annual  produce 
of  about  32,000  tons  of  smelted  lead,  of  Avhich  nearly  the  Avhole  is 
obtained  from  the  sulphuret.  (\Jixbs  Giciionary.  Dumas,  iv.  249:  Avhere 
the  processes  of  reduction  are  described  in  detail.) 

The  compounds  described  as  snhsulphnrets  of  lead  are  probably  mix- 
tures of  lead  Avith  the  sulphuret. 

IlYrosuLPiiiTE  OF  Lead,  PbO,S2  02,  is  precipitated  in  the  form  of  a 
AA’hite  poAvder,  by  adding  solution  of  nitrate  of  lead  to  hyposulphite  of 
potassa  or  lime.  At  212^  it  becomes  dark-colored,  and  at  a higher  tem- 
perature it  burns  like  tinder.  Distilled  in  close  vessels,  it  gives  out 
sulphurous  acid,  and  is  converted  into  sulphuret  and  sulphate  of  lead. 
It  requires  more  than  3000  parts  of  cold  Avater  for  solution.  It  is  com- 
posed of 

llcrschcl. 

Oxide  of  lead  1 ....  112  ....  70  ....  70-30 

IJyposulpluiroiis  acid  1 ....  48  ....  30  ....  20  70 


Hyposulphite  of  lead 


1 


KiO 


100 


100-00 
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Sulphite  of  Lead,  Pb0,S02,  may  be  obtained  by  digesting  protoxide 
of  lead  in  sulpliurous  acid ; or  by  adding  sulphurous  acid  or  sulphite  of 
potassa  to  nitrate  of  lead.  It  is  white,  insoluble,  and  tasteless.  When 
heated  it  loses  sulphurous  acid.  It  is  converted  by  nitric  acid  into 
sulphate  of  lead.  It  disengages  sulphurous  acid  when  acted  upon  by 
hydrochloric,  and  by  sulphuric  acid.  It  consists  of 


Thomson.  Gay  Lussac. 

Oxide  of  lead 1 ....  112  ....  77*77  ....  74*5  ....  78 

Sulphurous  acid  ....  1 ....  32  ....  22*23  ....  25*5  ....  22 


Sulphite  of  lead 1 144  lOO'OO  lOO’O  100 


Hyposulphate  of  Lead,  Pb0,S205,  is  formed  by  digesting  carbonate 
of  lead  in  hyposulphuric  acid,  filtering  and  evaporating.  It  forms  soluble 
crystals,  which,  by  the  action  of  ammonia,  may  be  so  decomposed  as  to 
yield  two  subhyposulphales^  namely,  IOPbO,S2  ()5,20HO,  and  2PbO,S2  05. 
The  crystals  of  the  neutral  salt  contain 


Heeren. 

Oxide  of  lead  1 ....  112  ....  50*91  ....  51*04 

Hyposulphuric  acid 1 ....  72  ....  32*73  ....  33*01 

Water 4 ....  36  ....  16*36  ....  15*95 


Crystallized  hyposulphate  of  lead  1 220  100*00  100*00 

Sulphate  of  Lead.  PbO,S03.  Cold  sulphuric  acid  has  no  action 
upon  metallic  lead ; but  when  the  metal  is  boiled  in  concentrated  sul- 
phuric acid,  sulphurous  acid  is  evolved,  and  a white  sulphate  of  lead  is 
formed.  It  is  also  easily  produced  by  adding  dilute  sulphuric  acid,  or  an 
alkaline  sulphate,  to  a solution  of  nitrate  of  lead,  when  it  falls  in  the 
form  of  a dense  white  powder,  which  the  microscope  shows  to  consist  of 
crystalline  grains;  hence  the  application  of  the  soluble  salts  of  lead, 
especially  the  nitrate  and  the  acetate,  as  tests  of  the  presence  of  sulphuric 
acid  and  sulphates.  After  having  been  dried  at  a temperature  of  400°, 
it  may  be  heated  to  redness  in  a platinum  crucible  without  losing  weight. 
Heated  on  charcoal  by  the  blowpipe,  it  is  decomposed  and  ultimately 
reduced.  Heated  with  I atom  of  carbon  it  furnishes,  at  a white  heat, 
carbonic  and  sulphurous  acids  and  protoxide  of  lead ; with  2 atoms  of 
charcoal  it  yields  metallic  lead.  (Berthier.)  Sulphate  of  lead  is  not 
ahsoliilelij  insoluble  in  water : it  is  insoluble  in  alcohol,  and  nearly  so  in 
nitric  acid  ; concentrated  hydrochloric  acid  decomposes  it,  and  forms  chlo- 
ride of  lead;  but  on  the  addition  of  water  sulphate  of  lead  is  reproduced. 
It  is  sparingly  soluble  in  excess  of  sulphuric  acid,  and  separates  from  it 
in  small  prismatic  crystals.  It  is  soluble,  when  recently  precipitated,  in 
the  fixed  alkalis,  and  sparingly  so  in  their  carbonates.  Accordingly,  if  a 
weak  solution  of  nitrate  of  lead  be  dropped  into  a solution  of  carbonate 
of  soda  containing  sulphate  of  soda,  there  is  either  no  immediate  precipi- 
tate, or,  if  formed,  it  is  redissolved  on  stirring  the  liquid.  Sulphate  of 
lead  is  soluble  to  some  extent  in  acetate,  tartrate,  and  citrate  of  ammonia: 
digested  with  nitrate  of  ammonia  it  yields  nitrate  of  lead  and  sulphate  of 
ammonia ; and  with  nitrate  of  baryta,  nitrate  of  lead  and  sulphate  of 
baryta.  Its  acid  is  expelled  by  the  action  of  silica  and  of  alumina  at  a 
red-heat,  hence  its  decomposition  when  fused  in  earthen  crucibles.  Sul- 
phate of  lead  consists  of 
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Klaproth.  Berthicr.  Berzelius 

Oxide  of  lead  1 ....  112  ....  73-G8  ....  73*5  ....  73dd)  ....  73-(;i5 

Sulphuric  acid  ....  1 ....  40  ....  20  32  ....  26-5  ....  20-01 20-385 

Sulphate  of  lead  ....  1 152  100-00  lOO'O  100-00  100  000 

Native  Sulphate  of  Lead  is  found  in  Anglesea,  Scotland,  and  else- 
^vliere,  crystallized  in  rhombs  isomorphous  uitli  sulphate  of  baryta.  It  is 
a rare  mineral. 

PiiospiiuRET  OP  Lead,  PbP,  may  be  formed  by  dropping  phosphorus 
into  melted  lead,  or  by  calcining  phosphate  of  lead  with  charcoal.  It  is 
of  the  color  of  lead,  and  soon  tarnishes.  When  struck  with  a hammer  it 
becomes  luminous,  and  sometimes  takes  fire.  It  consists,  accordiim  to 
Pelletier,  of  88  lead  -[-12  phosphorus:  these  numbers  nearly  correspond 
with 

Lead  2 ....  208  ....  80-5 

Phosphorus  1 ....  32  ....  13-5 

Phosphuret  of  lead  I 240  lOO'O 

Phosphuretted  hydrogen  passed  for  two  hours  through  a solution  of 
acetate  of  lead  gives  a brown  precipitate  which  yields  a crystalline  globule 
of  phosphate  of  lead  before  the  blow-pipe.  (H,  Pose.) 

Hypophospiiite  of  Lead.  PbO,PO,2HO.  By  digesting  freshly 
precipitated  carbonate  of  lead  in  aqueous  hypophosphorous  acid,  Wurtz 
obtained  rhombic  prisms,  having,  when  dried  at  212°,  the  above  formula: 
they  are  difficultly  soluble  in  cold  water,  and  precipitated  by  alcohol. 

Phosphite  of  Lead,  2Pb0,P03,H0,  wms  prepared  by  Berzelius  by 
mixing  chloride  of  lead  with  phosphite  of  ammonia.  It  is  white,  taste- 
less, and  insoluble.  By  digesting  this  salt  in  aqueous  ammonia  Pose 
obtained  a basic  salt  = 4Pb0,P03,2H0. 

Phosphates  of  Lead.  (1.)  Bibasic^  2Pb0,cP05,  is  formed  by  mixing 
hot  solutions  of  chloride  of  lead  and  common  phosphate  of  soda : accord- 
ing to  Mitscherlich,  the  phosphate  of  soda  must  be  dropped  into  the 
solution  of  lead  so  as  to  leave  the  latter  in  excess,  otherwise  a subphos- 
phate of  lead  falls.  It  is  white ; insoluble  in  water  and  in  acetic  acid  ; 
soluble  in  fixed  alkaline  solutions,  and  in  nitric  acid.  It  is  decomposed 
by  sulphuric  acid,  and  by  hot  hydrochloric  acid.  It  fuses  before  the 
blow-pipe  without  any  reduction,  and  the  globules  crystallize  in  regular 
polyhedrons  on  cooling.  It  consists  of 

Thomson.  Berzelius.  Berthier. 

Oxide  of  lead 2 ....  224  ....  75*08  ....  75  ....  70  ....  77*5 

Phosphoric  acid 1 ....  72  ....  24*32  ....  25  ....  24  ....  22*5 

Bibasic  phosphate  of  lead  1 290  100-00  100  100  100-0 

(2.)  Trihasic.  3Pb0,cP05.  When  the  preceding  salt  is  digested  in 
ammonia,  or  Avhen  acetate  of  lead  is  precipitated  by  common  phosphate  of 
soda  (acetic  acid  being  set  free)  the  trihasic  phosphate  is  formed : it  is 
less  fusible  than  the  bibasic  salt,  into  which  it  passes,  Avith  the  separation 
of  metallic  lead,  when  heated  before  the  bloAV-pipe.  It  consists  of 
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Berzelius, 

Oxide  of  lead  3 ....  330  ....  82-35  ....  82-52 

Pliosplioiic  acid  1 ....  72  ....  17  05  ....  17-48 


Tribasic  pliospliate  of  lead  ....  1 408  100-00  100-00 

Berzelius  has  clescribecT  an  intermediate  phosphate,  4Pb0,3P05 
obtained  by  precipitating  chloride  of  lead  by  excess  of  monobasic  phos- 
phate of  soda. 

When  the  preceding  salts  are  dissolved  in  excess  of  phosphoric  acid 
the  solution  yields  granular  crystals,  on  evaporation,  which  appear  to  be 
an  acid  phosphate. 

By  precipitating  a salt  of  lead  by  (bibasic)  pyrojihosphate  of  soda, 
Stromeyer  obtained  a pyrophosphate  qf  lead^  soluble  in  excess  of  the  pre- 
cipitant. A 7netaphosphate  was  formed  by  Persoz  by  adding  ammonia  to 
a mixture  of  metaphosphoric  acid  and  nitrate  of  lead. 

Native  Phosphate  of  Lead.  The  mineral  usually  so  called  is  a com- 
pound of  phosphate  and  chloride  of  lead,  in  which  3 atoms  of  the  tribasic 
phosphate  are  combined  with  J of  chloride.  3 [3Pb0,P05]  -f-  PbCl.  It 
has  been  found  in  the  mines  of  Cumberland,  Durham,  Yorkshire,  and  of 
Wanlock  Head  in  Scotland,  and  in  many  of  the  foreign  mines.  Its 
color  is  various  shades  of  green,  yellow,  and  brown.  Its  primitive  form 
is  a rhomboid,  but  it  usually  occurs  in  six-sided  prisms.  It  is  semitrans- 
parent and  brittle.  Baruel  has  described  a double  phosphate  of  lead  and 
lime  from  the  mine  of  Nussiere,  near  Beaujeu,  in  the  department  of  the 
Rhone:  he  has  called  it  Nussierite.  {A?i?i.  Ch.  et  Ph.^  Lxii.  219.) 

Nitkophosphate  of  Lead.  A crystallized  combination  of  phosphate 
and  nitrate  of  lead  is  obtained  by  evaporating  a solution  of  phosphate  of 
lead  in  nitric  acid.  Water  decomposes  it  and  resolves  it  into  its  compo- 
nent salts.  (Berzelius.) 

Seleniuret  of  Lead.  PbSe.  Lead  and  selenium  readily  combine 
and  yield  a seleniuret,  which  has  been  found  native  in  the  Hartz  and  at 
Fahlun.  It  resembles  galena,  but  is  less  brilliant.  It  consists  of 


II.  Rose. 

Lead 1 ....  104  ....  72  22  ....  71-81 

Selenium 1 ....  40  ....  27*78  ....  27-59 


Seleniuret  of  lead  1 144  100-00  99  40 


Selenite  of  Lead.  PbO,Se02.  Selenious  acid  and  the  alkaline 
selenites  occasion  a white  precipitate  in  solutions  of  lead,  which  falls  in 
the  form  of  a heavy  powder.  It  is  nearly  as  fusible  as  chloride  of  lead, 
and  concretes  on  cooling  into  a ivhite  crystalline  mass;  it  is  almost  in- 
soluble in  water,  and  difficultly  decomposed  by  boiling  sulphuric  acid.  It 
consists  of 

Berzelius. 

Oxide  of  lead  1 ....  112  ....  00-06 

Selenious  acid 1 ....  56  ....  33-34 

Selenite  of  lead  1 108  100-00 

Seleniate  of  Lead  is  a white  insoluble  powder.  (Mitsciierlicii.) 
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Carburet  of  Lead.  TIig  compounds  described  under  tliis  name  are 
probably  mixtures  of  finely-divided  metallic  lead  and  charcoal.  They  are 
obtained  by  decomposing  tartrate  of  lead  or  C3’'anide  of  lead  in  close 
vessels:  the  former  has  already  been  mentioned  as  a liyrophorus. 

Carbonate  of  Lead.  Ceruse.  White  Lead.  Pb0,C02.  This 
important  compound  of  lead  is  made  upon  a large  scale,  and  extensively 
employed  as  a Avhite  oil-paint,  'which  is  also  the  basis  of  the  greater 
number  of  other  colors  : in  England  it  is  chiefly  made  in  London  and  at 
Newcastle-on-Tyne,  to  the  annual  amount  of  about  16,000  tons.  There 
are  many  processes  by  -which  it  may  be  obtained,  and  much  ingenuity  has 
been  displaj^ed  in  their  modification  and  improvement,  the  great  objects 
being  to  obtain  it  in  such  a state  as  that  it  shall  form  the  most  ojiaque 
and  densest  hody^  as  it  is  called,  -when  ground  up  -with  linseed,  or  other 
drying  oil,  and  shall  at  the  same  time  be  of  a pure  and  perfect  white. 

Tlie  following  is  an  outline  of  the  several  methods  by  which  carbonate 
may  be  formed.  1.  By  the  precipitation  of  any  of  the  soluble  salts  of 
lead  by  means  of  the  alkaline  carbonates.  A solution  of  nitrate  or  acetate 
of  lead  is  thus  decomposed  by  carbonate  of  soda ; it  yields  a dense  white 
precipitate,  which,  w'hen  washed  and  dried,  is  of  a pure  white,  but  when 
examined  by  a magnifier  is  found  to  consist  of  minute  crystalline  grains, 
a circumstance  which  interferes  Avith  its  body  or  opacity  to  such  an  extent 
as  to  render  it  unfit  for  oil  paint:  it  is  also  a pure  or  neutral  carbonate, 
and  it  will  appear  that  the  most  esteemed  jvliite  lead  generally  contains 
more  or  less  oxide  or  hydrated  oxide  of  lead.  It  varies  in  texture  accord- 
ing as  the  carbonate  is  added  to  the  nitrate,  or  the  nitrate  to  the  carbo- 
nate; tlie  latter  mode  of  precipitation,  with  properly  diluted  solutions, 
furnishes  the  most  impalpable  powder.  When  the  carbonate  has  once 
acquired  the  crystalline  texture,  no  grinding  or  mechanical  comminution 
is  capable  of  conferring  upon  it  the  qualities  Avliich  fit  it  for  an  oil  pig- 
ment. 2.  When  carbonic  acid  gas  is  passed  through  a hot  solution  of 
subnitrate  of  lead,  carbonate  of  lead  is  thrown  down,  and  the  solution 
reverts  to  the  state  of  neutral  nitrate  : this  is  reconverted  into  subnitrate 
by  boiling  Avith  protoxide  of  lead  (poAvdered  litharge),  and  the  precipita- 
tion continuously  repeated.  This  is  the  basis  of  Button  and  DyeFs 
patent  process:  they  obtain  carbonic  acid  for  the  decomposition  of  the 
subnitrate,  by  the  combustion  of  coke,  and  the  gas  is  purified  from  sul- 
phurous acid  and  sulphuretted  hydrogen  by  passing  it  through  a Avash- 
ing  apparatus,  containing  chalk  and  Avhite  lead  diffused  through  AAmter : 
the  precipitated  carbonate  of  lead  is  Avell  Avashed,  subjected  to  great 
pressure  so  as  to  condense  it  into  cakes,  and  then  dried  in  stoves.  3. 
Subacetate  of  lead  is  decomposed  by  passing  through  it  a current  of 
purified  carbonic  acid  gas.  The  celebrated  Avhite  lead  of  Clichy  is  thus 
prepared.  4.  Granulated  lead  is  agitated  Avith  AAmter,  by  Avhich  a quan- 
tity of  hydrated  oxide  of  lead  is  formed,  and  this  is  subjected  to  the 
action  of  carbonic  acid : this  process  Avas  carried  on  in  a large  factory  at 
Pimlico,  under  a patent  granted  to  B.  C.  Torassa,  Wood,  and  Co.,  but 
AA^as  soon  abandoned.  5.  Finely  poAvdered  litharge  is  moistened,  mixed 
Avith  a very  little  acetate  of  lead,  (about  a hundredth  part,)  and  sub- 
mitted during  constant  stirring  to  a current  of  heated  carbonic  acid  : in 
this  process,  jiatented  by  Gossage  and  Benson  of  Birmingham,  a subace-  ^ 
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tate  of  lead  is  successively  formed  and  decomposed;  a small  quantity 
only  of  the  original  acetate  therefore  is  required.  6.  In  Hem7ning\^  pro- 
cess for  making  white  lead,  nitrate  of  soda  is  distilled  with  the  requisite 
quantity  of  sulphuric  acid,  by  which  nitric  acid  and  sulphate  of  soda  are 
formed.  Oxide  of  lead  is  dissolved  in  the  nitric  acid,  and  the  sulphate  is 
converted  into  carbonate  of  soda,  in  the  usual  way,  by  heating  with  coal 
and  chalk.  A solution  of  the  carbonate  of  soda  is  then  added  to  the 
solution  of  nitrate  of  lead,  and  the  results  are  carbonate  of  lead  and 
nitrate  of  soda.  Lastly,  this  nitrate  of  soda  is  treated  as  before  described. 
7.  In  the  Dutch  process^  introduced  into  England  about  1780,  lead  is 
cast  into  plates  or  bars,  or  into  the  form  of  stars,  or  circular  gratings  of 
six  or  eight  inches  in  diameter,  and  from  a quarter  to  half  an  inch  in 
thickness  : five  or  six  of  these  are  placed  one  above  another  in  the  upper 
part  of  a conical  earthen  vessel  something  like  a garden- pot,  in  the  bot- 
tom of  which  there  is  a little  strong  acetic  acid.  These  pots  are  then 
arranged  side  by  side,  on  the  floor  of  an  oblong  brick  chamber,  and  are 
imbedded  in  a mixture  of  new  and  spent  tan  (ground  oak  bark  as  used  in 
the  tan-yard).  The  first  layer  of  pots  is  then  covered  with  loose  planks, 
and  a second  range  of  pots  imbedded  in  tan  is  placed  upon  the  former ; 
and  thus  a stack  is  built  up  so  as  entirely  to  fill  the  chamber  with  alter- 
nate ranges  of  the  pots  containing  the  lead  and  acetic  acid,  surrounded  by 
and  imbedded  in  the  tan.  Several  ranges  of  these  stacks  occupy  each 
side  of  a covered  building,  each  stack  containing  about  12,000  of  the 
pots,  and  from  50  to  60  tons  of  lead.  Soon  after  the  stack  is  built  up 
the  tan  gradually  heats  or  ferments,  and  begins  to  exhale  vapor,  the 
temperature  of  the  inner  parts  of  the  stack  rising  to  140°  or  150°,  or  even 
higher.  The  acetic  acid  is  slowly  volatilized,  and  its  vapor  passing 
readily  through  the  gratings  or  folds  of  lead,  gradually  corrodes  the 
surface  of  the  metal,  upon  which  a crust  of  subacetate  is  successively 
formed  and  converted  into  carbonate,  there  being  an  abundant  supply  of 
carbonic  acid  furnished  by  the  slow  fermentative  decomposition  of  the 
tanners’  bark.  In  the  course  of  from  4 to  6 weeks  the  process  is  com- 
pleted, and  now,  on  unpacking  the  stacks,  the  lead  is  found  to  have  un- 
dergone a remarkable  change:  the  form  of  the  castings  is  retained,  but 
they  are  converted,  with  considerable  increase  of  bulk,  into  dense  masses 
of  carbonate  of  lead;  this  conversion  is  sometimes  entire,  at  others  it 
penetrates  only  to  a certain  depth,  leaving  a central  skeleton  as  it  were  of 
metallic  lead,  the  conversion  being  unequal  in  different  parts  of  the 
stack,  and  varying  in  its  perfection  at  different  seasons,  temperatures,  and 
states  of  the  atmosphere.  The  stacks  are  so  managed  that  they  are  suc- 
cessively being  built  up  and  unpacked.  The  corroded  and  converted 
gratings,  or  cakes,  are  then  passed  through  rollers,  by  which  the  carbonate 
of  lead  (white  lead)  is  crushed  and  broken  up,  and  the  central  core  of 
metallic  lead  (blue  lead),  if  any  remain,  is  easily  separated : the  white 
lead  is  then  transferred  to  the  mills,  where  it  is  ground  up  into  a thin 
paste  with  water,  and  is  ultimately  reduced,  by  the  process  of  elutria- 
tion  or  successive  washings  and  subsidencies,  to  the  state  of  an  impalpable 
powder ; it  is  then  dried  in  wooden  bowls  placed  upon  shelves  in  a 
highly-heated  stove,  and  thus  brought  to  the  state  of  masses  easily  rubbed 
between  the  fingers  into  a fine  powder,  in  which  the  microscope  does  not 
enable  us  to  discern  the  slightest  traces  of  crystalline  character.  If  in- 
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tended  for  the  use  of  the  painter,  it  is  next  submitted  to  grinding  -with 
linseed  oil ; and  it  is  found  that  a hundred-weight  of  this  white  lead  is 
formed  into  a proper  consistence  with  8 pounds  of  oil,  whereas  precipi- 
tated white  lead  requires  16  pounds  of  oil  for  the  same  purpose ; the  one 
covering  the  surface  so  much  more  perfectly,  and  having  so  much  more 
body  than  the  other.  It  is  sometimes  supposed  that  in  this  process  the 
oxygen  and  carbonic  acid  required  to  form  the  carbonate  of  oxide  of  lead 
are  derived  from  the  decomposition  of  the  acetic  acid;  but  this  is  evi- 
dently not  the  case,  for  not  more  than  100  pounds  of  real  acetic  acid  exist 
in  the  whole  quantity  of  the  diluted  acid  contained  in  the  several  pots  of 
each  stack;  and  in  100  pounds  of  acetic  acid  there  are  not  more  than  47 
to  48  pounds  of  carbon,  whereas  6740  pounds  would  be  required  to  fur- 
nish the  carbonic  acid  which  should  convert  50  tons  of  lead  (the  average 
weight  of  that  metal  in  each  stack)  into  carbonate  of  lead.  There  can 
be  no  doubt  then  that  the  carbon  or  carbonic  acid  must  come  from  the 
tan,  and  that  the  oxygen  is  partly  derived  from  the  same  source,  and 
partly  from  the  atmosphere:  the  principal  action  of  the  acetic  acid,  there- 
fore,  is  to  form  successive  portions  of  subacetate  of  lead,  which  are  suc- 
cessively decomposed  by  the  carbonic  acid:  the  action  is,  however,  of  a 
very  remarkable  description,  for  even  masses  of  lead,  such  as  blocks  of  an 
inch  or  more  thickness,  are  thus  gradually  converted  through  and  through 
into  carbonate,  so  that  if  due  time  is  allowed  there  is  no  central  remnant 
of  metallic  lead.  The  original  texture  of  the  lead  is  much  concerned  in 
the  extent  and  rapidity  of  the  conversion.  Rolled  or  sheet  lead  will  not 
answer,  and  the  gratings,  coils,  and  stars  which  are  employed,  are  all  of 
cast  lead.  The  purest  metal  is  also  required;  for  if  it  contain  iron,  the 
resulting  white  lead  acquires  a tawny  hue,  and  if  a trace  of  silver,  it 
acquires  a perceptible  dinginess  when  it  is  subjected  to  the  action  of 
light. 

In  this  notice  of  the  manufacture  of  white  lead,  I have  assumed  that 
the  article  which  occurs  in  commerce  is  a true  anhydrous  carbonate,  and 
such  it  sometimes  is;  it  has,  however,  been  observed  by  Mulder,  that  it 
very  commonly  contains  variable  proportions  of  protoxide.  According  to 
his  analyses,  there  are  three  varieties  of  commercial  white  lead,  repre- 
sented as  follows : — 

No.  1.  2 atoms  of  carbonate  of  lead  -f  1 atom  of  hydrated  protoxide  of  lead. 

2.  5 ditto  -1-  2 ditto 

3.  3 ditto  + 1 ditto 

Richardson’s  experiments,  however,  as  quoted  by  Professor  Graham 
{Elem.  Chem.^  691),  show  that  the  quantity  of  oxide  in  the  best  varieties 
of  white  lead  is  by  no  means  considerable ; carbonate  of  lead  contains 
16’5  of  carbonic  acid,  and  83*5  of  oxide  of  lead  per  cent.:  Richardsons 
specimens  gave  the  following  results  : — 

I.  II.  III.  IV.  V.  VI.  VII.  VIII.  IX.  X. 

Carbonic  acid  ....  13-70.  .15-83.  .13-70.  .13-03.  .13-24.  .IbGl . .13-71 . .13-99.  .12-99.  .14-95 

Proluxide  of  lead  . 8G-00.  .83-49.  .85-G6.  .85-98.  .8G-4G.  .84-83.  .86-02.  .8G-09.  .86-45.  .85-02 


99*70  99-32  99-36  99-01  99-70  99-44  99-73  100-08  99-44  99-97 

These  specimens  were  all  dried  at  a temperature  of  300°  before 
analysis.  No.  1 4vas  made  by  transmitting  carbonic  acid  through  sub- 
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acetate  of  lead.  No.  2,  Krems  white.  Nos.  3,  4,  and  5,  -were  made  by 
causing  small  pieces  of  lead  to  be  agitated  in  a tub  into  whicli  carbonic 
acid  was  passed.  Nos.  6,  7?  8,  9,  and  10,  were  made  by  the  tan-pit  pro- 
cess, but  each  by  a different  manufacturer.  (See  also  FIochstetter, 
An?i.  Ch.  et  Ph.,  Feb.  1843,  p.  144.) 

Large  quantities  of  sulphate  of  baryta  are  occasionally  added  to  white 
lead,  by  which  its  valuable  properties  are  proportionately  deteriorated; 
the  adulteration  is  easily  detected  by  digesting  the  sample  in  dilute  nitric 
acid,  which  dissolves  the  carbonate  of  lead,  but  leaves  the  sulphate  of 
baryta ; the  articles  known  on  the  continent  under  the  names  of  P enice 
white^  Hamburgh  white^  and  Dutch  whiie^  are  avowedly  mixtures  of  sul- 
phate of  baryta  witli  carbonate  of  lead,  the  first  of  equal  parts,  the  second 
2 of  the  sulphate,  and  the  third  3 of  the  sulphate,  to  1 of  the  carbonate. 
Clichy  white^  Krems  or  Kremnitz  while^  and  Silver  white^  are  pure  white 
lead.  A very  minute  addition  of  indigo  or  of  lamp-black  is  sometimes 
made  to  white  lead  to  give  it  a slight  bluish  shade. 

Carbonate  of  lead  is  usually  in  the  form  of  a heavy  white  powder, 
insoluble  in  water,  and  very  sparingly  soluble  in  aqueous  carbonic  acid; 
its  specific  gravity  varies  from  6’4  to  6’75.  It  entirely  dissolves  ivith 
effervescence  in  acetic  and  in  dilute  nitric  acid.  It  is  immediately  dis- 
colored and  ultimately  blackened  by  sulphuretted  hydrogen,  whence  the 
necessity  of  the  most  cautious  exclusion  of  all  sources  of  that  compound 
in  white-lead  works.  When  carefully  heated  in  the  contact  of  air,  car- 
bonate of  lead  loses  carbonic  acid,  and  furnishes  by  proper  management 
a beautiful  minium.  The  components  of  carbonate  of  lead  are  : — 

Berzelius.  Clievreul.  Klaproth.  Chenevix. 

Oxide  of  lead 1 ....  112  ....  83'58  ....  83-5  ....  83-64  ....  83-67  ....  85 

Carbonic  acid 1 ....  22  ....  16-42  ....  165  ....  16-36  ....  16-33  ....  15 

Carbonate  of  lead  1 134  100-00  100-0  100-00  lOO'OO  100 

Native  Ca7'honate  of  Lead  is  one  of  the  most  beautiful  of  the  metallic 
ores;  it  occurs  crystallized,  and  fibrous,  the  former  transparent,  the  latter 
generally  opaque.  It  is  soft  and  brittle,  and  occasionally  tinged  green 
with  carbonate  of  copper,  or  grey  by  sulphuret  of  lead.  The  octohedron 
is  its  primitive  form  : it  also  occurs  prismatic  and  tabular.  It  has  been 
found  in  Cumberland  and  Durham ; and  the  acicular  variety,  of  great 
beauty,  in  Cornwall. 

Subcarbonate  of  Lead.  Bibasic  Carbonate  of  Lead.  2PbO, 
C02,IT0.  When  lead  is  long  exposed  to  the  joint  action  of  air  and 
water,  or  when  bright  spots  are  scraped  upon  a piece  of  tarnished  lead, 
and  it  is  then  immersed  in  a vessel  about  6 inches  deep,  filled  with 
water,  small  crystals  gradually  form,  which,  according  to  Yorke  and 
Bonsdorff,  are  this  dicarbonate,  consisting  of 


Bonsdorff. 

Oxide  of  lead  2 ....  224  ....  87‘85  ....  86-51 

Carbonic  acid  1 ....  22  ....  8-62  ....  9*93 

Water 1 ....  9 ....  3-53  ....  355 


Bicarbonate  of  lead 1 255  lOO'OO  100-00 


Sfsquiba^ic  Carbonate  of  Lead.  3Pb0,2C02,H0.  This,  accord- 
ing to  Hochstetter,  is  ‘the  formula  of  several  varieties  of  white  lead,  and  is 
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the  precipitate  wliicli  falls  wlien  acetate  of  lead  is  decomposed  by  carbo- 
nic acid.  It  lias  also  been  already  stated  that  this  is  the  composition 
assigned  by  Ohristison  to  the  crystalline  jiowder  which  collects  upon 
metallic  lead,  immersed  in  distilled  water,  ojien  to  the  air. 


Iloclistetter. 

Oxide  of  lead  3 ....  33G  ....  86-38  ....  86-30 

Carbonic  acid  2 ....  44  ....  11-31  ....  1135 

■\Yatei- 1 ....  0 ....  2-31  ....  2-35 


Sesquibasic  carbonate  of  lead  1 389  lOO'OO  lOO'OO 

Cyanide  of  Lead.  PbCy,  falls  in  the  form  of  an  insoluble  white 
powder  ivben  cyanide  of  potassium  is  added  to  a solution  of  nitrate  of 
lead,  or  when  hydrocyanic  acid  is  dropped  into  acetate  of  lead  : heated  to 
redness  in  a glass  tube,  it  gives  out  nitrogen,  and  leaves  a pyrophoric 
carbio'el  of  lead. 

Cyanate  op  Lead.  PbO,CyO,  is  thrown  down  in  the  form  of  a 
white  crystalline  precipitate  when  cyanate  of  potassa  is  added  to  acetate 
of  lead;  it  is  anhydrous,  and  consists  of  77  oxide  -j-  23  acid.  (Wohler.) 

Sulphocyanide  of  Lead  forms  yellow  opaque  crystals,  which  are 
obtained  by  mixing  concentrated  solutions  of  suljjhocyanide  of  potassium 
and  acetate  of  lead  ; they  are  resolved  by  ivater  into  hydrosulphocyanic 
acid  and  a basic  sulphocyanide : this  basic  salt  may  be  formed  by  adding 
sulphocyanide  of  potassium  to  subacetate  of  lead ; it  is  an  insoluble  crys- 
talline powder  of  a yellowish  white  color.  (Liebig.) 

Ferrocy^anide  of  Lead.  2PbCfy.  When  nitrate  of  lead  is  decom- 
posed by  excess  of  ferrocyanide  of  potassium  a Avhite  precipitate  falls, 
which,  when  dried  and  gently  heated,  loses  water.  In  what  may  be 
termed  its  hydrated  state.,  it  consists,  according  to  Berzelius,  of  1 equiva- 
lent of  hydrocyanate  of  protoxide  of  iron,  and  2 equivalents  of  hydro- 
cyanatc  of  protoxide  of  lead;  and,  after  having  been  heated,  of 


I5orzelins. 

Iron  1 ...  28  ....  8-9  ....  8-81 

Lead  2 ....  208  ....  663  ....  65-91 

Cyanogen  3 ....  78  ....  24-8  ....  23  89 


1 314  100-0  98-61 

CoBALTOCYANiDE  OF  Lead.  Cobaltocyaiiide  of  potassium  causes  a 
slight  precipitate  in  solution  of  acetate  of  lead;  on  adding  ammonia,  the 
precipitation  is  complete;  it  forms  a white  granular  powder. 

Borate  of  Lead.  Pb0,2B03,  is  precipitated  in  the  form  of  a rvliite 
powder,  wdien  borate  of  soda  is  mixed  with  nitrate  of  lead : it  fuses  into 
a colorless  glass,  and  probably  consists  of  2 atoms  of  boracic  acid  and  1 
of  protoxide  of  lead.  Boracic  acid  and  oxide  of  lead  may  be  fused  to- 
gether in  all  proportions;  112  of  oxide  and  24  of  acid  give  a very  soft 
yellow  glass,  sp.  gr.  6-4  ; witli  48  of  acid  the  glass  is  less  yellow  and 
liarder ; and  with  72  of  acid  it  is  colorless,  as  hard  as  flint  glass,  and 
highly  refractive.  Faraday  employed  tliis  compound  in  conjunction  with 
silicate  of  lead  to  form  a glass  for  optical  purposes.  {Phil.  Trans.) 

Yol.  II.  3 L 
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Alloys  op  Lead.  With  potassium  lead  forms  a brittle  and  very  fusi- 
ble alloy;  it  may  be  obtained  by  fusion;  and  according  to  Serullas  {Ann. 
des  Mines.,  ''^iii*)?  ^^7  exposing  a mixture  of  100  parts  of  litharge  and  60  of 
calcined  tartar  to  a strong  heat  for  two  hours  in  a covered  crucible.  The 
alloy  of  sodium  is  less  brittle  and  fusible.  When  exposed  to  air,  these 
alloys  suffer  decomposition  in  consequence  of  the  oxidizement  of  the 
alkaline  bases ; and  in  water  the  lead  separates  and  the  sodium  is  con- 
verted into  soda.  (Gay  Lussac,  Recherches  Rhys.  Chhn..,  i.  241.)  The 
alloy  of  lead  and  manganese  has  not  been  examined.  When  lead  is 
fused  with  iron.,  two  alloys  are  obtained;  that  at  the  bottom  of  the  cru- 
cible consisting  of  lead  with  a little  iron,  while  the  superficial  portion  is 
iron  with  a little  lead.  (Morveau,  Ann.  de  Ch.,  Lvii.)  With  zinc.,  lead 
forms  a hard  ductile  alloy,  (Gmelin,  Ann.  de  Ch..,  ix.);  but  this  alloy  is 
not  easily  obtained,  for  when  the  fused  metals  are  stirred  together,  the 
lead  subsides,  and  the  zinc  floats,  and  when  the  ingot  concretes  it  pre- 
sents two  distinct  strata.  With  /m,  lead  forms  several  useful  alloys 
which  are  somewhat  less  dense  than  the  mean.  Common  pewter  consists 
of  about  80  parts  of  tin  and  20  of  lead.  Equal  parts  of  lead  and  tin 
constitute  plumhers  solder.  When  pieces  of  cop>per  are  thrown  into  red- 
hot  melted  lead,  they  soon  disappear  and  form  an  alloy  of  a grey  color, 
brittle,  and  granular  in  texture;  what  is  termed  pot-metal  is  an  alloy  of 
this  kind.  Lead  has  not  been  combined  with  nichel.  With  cobalt  the 
alloys  are  hard  and  brittle,  except  where  the  lead  predominates.  (Gmelin, 
A7in»  de  Ch..,  xix.) 

Characters  of  the  Salts  of  Lead.  The  soluble  salts  of  lead 
have  a sweet  austere  taste,  and  are  characterized  by  the  white  preci- 
pitate produced  by  ferrocyanide  of  potassium,  the  black  by  sulphuretted 
hydrogen,  the  deep-browm  by  hydrosulphuret  of  ammonia,  the  yellow 
by  iodide  of  potassium,  and  the  white  by  phosphoric  acid  and  the  soluble 
phosphates,  and  by  sulphuric  acid  and  the  soluble  sulphates.  The  salts 
insoluble  in  7vater  are  dissolved  by  soda  and  potassa,  or  by  nitric  acid, 
when  the  metal  is  rendered  manifest  by  sulphuretted  hydrogen  and 
other  tests.  When  these  salts  are  boiled  with  carbonate  of  soda,  they 
afford  carbonate  of  lead,  which  may  be  dissolved  in  acetic  or  dilute 
nitric  acid,  and  subjected  to  the  usual  tests.  Heated  by  the  blow-pipe 
upon  charcoal,  they  afford  a globule  of  metal.  Lead  is  precipitated  from 
its  solutions,  in  the  metallic  state,  by  many  of  the  other  metals.  Zinc 
and  cadmium  separate  metallic  lead  from  the  nitrate:  iron  only  effects  its 
partial  decomposition  when  in  a very  dilute  state.  Chloride  of  lead  is 
slowly  but  entirely  reduced  by  zinc,  cadmium,  and  iron,  but  tin  produces 
no  effect  except  free  hydrochloric  acid  be  present.  All  the  dif&cultly- 
soluble  salts  of  lead  may  be  decomposed  and  reduced,  by  mixing  them 
with  dilute  hydrochloric  acid,  and  immersing  a plate  of  zinc  in  the  liquid. 
Zinc,  cadmium,  and  tin,  decompose  the  alkaline  solutions  of  oxide  of 
lead,  but  iron  is  without  action  upon  them.  The  appearance  of  the 
metallic  lead,  in  these  cases,  depends  upon  the  state  of  the  solution,  which, 
if  concentrated,  yields  it  in  dull  dendritic  crystals,  but  if  dilute,  in  large 
metallic  leaves.  When  solutions  of  the  salts  of  lead  are  filtered  through 
charcoal,  which  is  sometimes  done  for  the  purpose  of  decoloration,  part  or 
even  the  whole  of  the  oxide  of  lead,  if  it  only  amount  to  about  one- 
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twentieth  of  the  charcoal  employed,  will  he  abstracted  by  and  remain 
combined  with  the  charcoal.  When  acetate  and  nitrate  of  lead  are  dis- 
tilled with  charcoal  and  water,  free  acetic  and  nitric  acids  are  obtained;  so 
that  in  medico-legal  and  other  inquiries,  in  which  the  process  of  decolor- 
izing is  resorted  to,  lead  may  in  this  way  be  overlooked.  (Chevalier, 
Cornptes  llemhis^  xix.  1279.) 

The  most  convenient  way  to  detect  lead  in  water,  is  first  to  examine 
what  separates  on  exposure  to  the  air,  by  dissolving  it  in  warm  acetic 
acid,  and  testing  the  solution  with  sulphuretted  hydrogen,  iodide  of 
potassium,  or  bichromate  of  potassa ; then,  if  this  process  fail,  to  concen- 
trate the  water  to  an  eighth  part,  and  again  test  any  insoluble  matter  Avhich 
separates;  and  lastly,  failing  this  procedure  also,  to  evaporate  the  Avater 
to  dryness,  subject  the  residue  along  Avith  charcoal  to  a red-heat,  act  on 
Avhat  remains  Avith  Avarm  dilute  nitric  acid,  and  test  the  solution  Avhen 
filtered  and  neutralised  with  an  alkali.  It  may  admit  of  a question 
Avhether  in  the  event  of  lead  being  indicated  in  the  last  Avay  only,  the 
very  minute  quantity  w^hich  may  then  be  present  can  prove  detrimental. 
(Christison.) 

In  consequence  of  the  use  of  leaden  vessels,  various  articles  are  fre- 
quently more  or  less  contaminated  by  oxide  of  lead ; so  also  are  certain 
liquors  which  have  been  kept  in  flint-glass  bottles : the  operations  of 
dyeing  and  calico-printing  are  sometimes  inconveniently  affected  from 
such  causes.  (Chevreul,  Ann.  Ch.  et  Ph.,  Nov.  1844.) 

§XVII.  ANTIMONY.  Sb.  129. 

Antimoi^y,  or  Stibium^  Avas  first  made  knoAvn  by  Basil  Valentine,  to- 
AA'ards  the  end  of  the  15th  century.  It  is  found  native  in  Sweden,  in 
France,  and  in  the  Ilartz;  but  its  principal  ore  is  the  sulphur et^  the  sti- 
bium of  the  ancients,  which  is  found  massive  and  crystallized,  and  of 
Avhich  there  are  several  varieties ; the  most  common  is  the  radiated^ 
Avhich  is  of  a grey  color,  brittle,  and  frequently  crystallized  in  four  and 
six-sided  prisms. 

Antimony  is  obtained  from  the  native  sulphuret  by  the  following 
process.  1.  Mix  8 parts  of  the  poAvdered  ore  AAuth  6 of  tartar  and  3 of 
nitre,  and  throAV  the  mixture  by  spoonfuls  into  a red-hot  crucible;  then 
heat  the  mass  to  redness,  and  a button  Avill  be  found  at  the  bottom  of  the 
crucible,  AAdiich  is  the  metal  as  it  commonly  occurs  in  commerce,  and  is 
nearly  pure.  The  scoriag  upon  the  surface  contain  sulphuret  of  potassium 
and  antimony.  2.  Antimony  may  also  be  procured  by  carefully  roasting 
the  native  sulphuret  mixed  Avith  a little  charcoal  to  prevent  caking,  so  as 
to  convert  it  into  oxide  of  antimony,  Avhich  oxide  is  then  reduced  to  the 
metallic  state  by  fusion  Avith  black  flux,  or  Avith  the  addition  of  common 
soap;  a button  of  antimony  is  thus  obtained,  Avhich,  hoAvever,  contains 
traces  of  iron  and  generally  of  potassium,  and  perhaps  some  other  metals; 
it  is  further  purified  by  again  fusing  it  with  about  one-fourth  its  Aveight 
of  oxide  of  antimony;  on  cooling,  the  impurities  are  found  in  the  super- 
ficial slag,  and  the  metal  underneath  is  extremely  pure.  3.  The 
purest  antimony  is  obtained  by  reducing  pure  oxide  or  oxichloride  by  a 
mixture  of  charcoal  and  alkali ; or  by  the  rapid  reduction  of  the  potassio- 
tartrate  of  antimony. 
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Antimony  is  of  a silvery  or  tin-wliite  color,  brittle  and  crystalline  in 
its  ordinary  texture,  so  that  when  broken  it  exhibits  splendid  facets,  and 
the  surface  of  the  ino’ot  as  it  has  cooled  in  the  crucible  often  has  a beau- 

O 

tiful  stellated  appearance ; the  alchemists  considered  this  star  as  a mys- 
terious guide  to  the  secrets  of  transmutation.  It  fuses  at  about  800^^,  or 
at  a dull  red-heat,  and  does  not  expand  on  congealing ; it  is  very  slowly 
volatile  at  a wdiite-heat  and  in  the  absence  of  air,  but  in  a stream  of 
hydrogen  it  may  be  distilled.  Its  specific  heat,  as  determined  by  Eeg- 
nault,  is  0'05077-  Its  specific  gravity  is  6*712.  ( Hatchett,  P/^^7.  Trans. ^ 
1803.)  Placed  upon  ignited  charcoal,  under  a current  of  oxygen  gas, 
antimony  burns  with  great  brilliancy,  throwing  off  its  oxide  in  the  form 
of  a dense  yellow  smoke;  and  if  a globule  of  the  intensely-heated  metal 
be  thrown  upon  the  floor,  or  upon  a black  board,  it  subdivides  into 
numerous  smaller  globules,  which  burn  as  they  roll  along,  and  leave  a 
series  of  white  or  yellowish  lines  of  oxide.  The  equivalent  of  antimony 
is  129.  (129Gmelin:  64*62Turner:  129*24  Graham.)  Its  symbol  is 
Sb  (Stibium.) 

Antimony  and  Oxygen.  There  are  four  oxides  of  antimony,  namely, 
a suboxide,  a salifiable  oxide,  and  antimonious  and  antimonic  acids. 
Adopting  129  as  the  equivalent  of  antimony rr:Sb,  these  compounds  are 
respectively  represented  by  SbO,  Sb03,  Sb04,  and  Sb05.  The  salts  of 
antimony  properly  so  called,  contain  the  second  of  these  oxides,  it  being 
the  only  basic  oxide  of  the  metal,  so  that  it  is  generally  merely  designated 
oxide  of  antimony.  The  third  and  fourth  oxides  combine  with  bases, 
forming  salts  distinguished  as  antimoniies  and  antimoniaies . The  first, 
like  other  suboxides,  is  resolvable  into  oxide  and  metal  by  certain  acids, 
but  does  not  combine  with  them  to  form  distinct  salts.  The  number 
64*5  is  often  adopted  as  the  atomic  equivalent  of  this  metal,  in  which 
case  the  suboxide  is  properly  represented  by  Sb2  0;  the  salifiable  oxide 
then  becomes  a sesquioxide  Sb2  03;  and  the  two  acids  are  represented 
respectively  by  Sb2  04,  and  Sb2  05. 

StJBOxiDE  OF  Antimony.  SbO.  A dark-grey  substance  obtained 
Avhen  antimony  is  the  positive  electrode  in  an  aqueous  solution  of  sulphate 
of  soda;  or  when  powdered  antimony  is  in  contact  with  a platinum  wire 
under  the  same  circumstances.  It  is  only  by  electrolytic  action  that  this 
oxide  has  as  yet  been  obtained.  (Berzelius.)  Proust  regards  this  as  a 
mixture  of  antimony  and  the  next  oxide.  When  acted  on  by  hydro- 
chloric acid  a solution  of  the  oxide  is  formed,  and  metallic  antimony 
remains.  According  to  Marchand  an  abundant  formation  of  a suboxide 
of  antimony  ensues  at  the  positive  pole,  when  a voltaic  current  is  trans- 
mitted through  a solution  of  emetic  tartar  by  platinum  electrodes : the 
product,  when  washed  with  boiling  water  and  dried,  is  an  homogeneous 
black  powder : it  is  resolved  by  hydrochloric  acid,  and  by  boiling  with 
bitartrate  of  potassa,  into  soluble  oxide  and  metal : it  contains  about  94 
per  cent,  of  metal,  and  is  regarded  by  Marchand  as  :=:Sb3  02.  {Journ. 
fiir  praJct.  Chem..^  xxxiv.  38J.) 

Oxide  op  Antimony.  Sh03.  {Protoxide  of  Antimony.  §e^moxide 
of  Antimony,')  This  oxide  is  obtained,  1.  By  heating  up  the  metM'to 
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its  point  of  combustion,  wlien  tlie  vapor  burns  vitli  a bluish  flame,  and 
by  placing  the  crucible  in  an  inclined  position,  acicular  crystals  of  the 
oxide  are  deposited  in  its  upper  part,  forming  the  flo?'es  anlimomi^  and 
7iix  siibii,  of  the  older  chemists.  2.  To  200  parts  of  sulphuric  acid  add 
50  parts  of  finely-powdered  metallic  antimony,  boil  the  mixture  to  dry- 
ness, and  wash  the  dry  mass,  first  in  water,  and  then  with  a weak  solu- 
tion of  carbonate  of  potassa  or  soda;  a white  powder  remains,  which, 
when  thoroughly  washed  with  hot  water,  is  pi'otoxide  of  antimony.  3. 
By  digesting  finely-powdered  sulphuret  of  antimony  in  about  four  times 
its  weight  of  hydrochloric  acid,  sulphuretted  hydrogen  is  evolved,  and  a 
solution  of  chloride  of  antimony  is  formed,  which  maj^  be  decomposed  by 
excess  of  carbonate  of  potassa;  carbonic  acid  escapes,  and  protoxide  of 
antimony  falls,  which  is  collected  on  a filter,  washed,  and  dried  at  212°; 
it  is  then  anhydrous.  4.  When  ammonia  is  added  to  a concentrated 
solution  of  tartrate  of  potassa  and  antimony,  and  heat  applied  to  the 
mixture,  a white  powder  falls,  which,  when  washed  and  dried,  is  prot- 
oxide of  antimony.  5.  Dumas  gives  the  following  as  an  economical 
method  of  preparing  this  protoxide:  Heat  pulverized  antimony  in  a 
shallow  vessel  exposed  to  air,  so  as  to  oxidize  it;  when  the  oxidation  has 
advanced,  it  takes  fire  and  becomes  ignited  throughout,  and  the  protoxide 
passes  into  antimonious  acid,  but  is  mixed  with  metallic  antimony;  the 
whole  is  then  transferred  to  a crucible  in  which  it  is  heated  till  it  fuses, 
when  the  antimonious  acid  is  reduced  to  the  state  of  protoxide  by  the 
excess  of  the  metal,  and  a mass  of  fused  protoxide  and  a button  of 
metallic  antimony  are  the  results. 

Protoxide  of  antimony  is  white,  fusible,  and  volatile  at  a red-heat, 
undergoing  no  change  in  close  vessels,  but  condensing  in  acicular  and 
sometimes  in  octohedral  crystals;  after  fusion  it  concretes  into  a silky 
crystalline  mass  of  a grey  color;  if  air  be  present,  it  undergoes  a kind  of 
combustion,  and  passes  into  a higher  state  of  oxidation.  It  forms  no 
definite  hydrate,  but  it  is  soluble  to  a very  small  extent  in  water,  and 
the  solution  is  rendered  yellow  by  sulphuretted  hydrogen,  and  after  boil- 
ing, or  upon  being  acidulated  by  hydrochloric  acid,  deposits  an  orange- 
colored  precipitate.  The  yellow  color  of  the  sulphuretted  solution  is 
destroyed  by  ammonia.  (Capitaine.  Joiu'u.  chr  Pkarm.,  xxv.)  It  is 
decomposed  by  sulphur  and  by  charcoal,  and  when  acted  on  by  nitric  acid, 
is  converted  into  peroxide;  if  heated  with  chlorate  of  potassa,  it  defla- 
grates, and  also  becomes  peroxidized;  it  is  soluble  in  hydrochloric  acid, 
and  it  forms  emetic  tartar  when  boiled  in  solution  of  bitartrate  of  potassa. 
When  recently  precipitated,  and  digested  in  caustic  potassa,  it  is  partly 
converted  into  a grey  powder,  or  crystalline  grains,  which  is  a compound 
of  the  oxide  and  the  alkali,  very  difficultly  soluble.  A similar  com- 
bination may  be  obtained  with  soda  andAvith  ammonia.  This  is  the  only 
salifiable  oxide  of  antimony.  It  occurs  native  forming  the  ivhite  ore  of 
antimony.  It  consists  of 

Proust.  Berzelius.  J.  Davy. 

Antimony  1 ....  129  ....  84‘31  ....  81'5  ....  84’319  ....  85 

Oxygen  3 ....  24  ....  15’89  ....  18‘5  ....  15‘88l  ....  15 

Protoxide  of  antimony  1 153  lOO'OO  lOO'O  100  000  100 

Antimonious  Acid.  Deutoxide  of  Antimony.  Sb04,  is  the  result  of 
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the  above-mentioned  combustion  of  the  protoxide.  It  is  also  obtained  by 
exposing  antimonic  acid  to  a red-lieat.  It  is  white,  but  assumes  a yellow 
color  when  heated;  its  sp.  gr.  is  6*69;  it  is  fixed  and  infusible  in  the  fire, 
a little  more  soluble  in  water  than  the  oxide,  and  reddens  litmus;  it  is 
nearly  insoluble  in  nitric  acid  and  in  sulphuric  acid,  and  sparingly  soluble 
in  hydrochloric  acid,  from  which  it  is  precipitated  on  dilution ; when  this 
hydrochloric  solution  is  carefully  evaporated,  the  antimonious  acid  is 
sometimes  obtained  in  nacreous  acicular  crystals.  It  readily  combines  with 
potassa  by  fusion,  and  the  resulting  compound  {antimonite  of  poiassa)  dis- 
solves in  water,  and  furnishes,  upon  the  addition  of  an  acid,  a white  pre- 
cipitate of  hydrated  antimo7iious  «czd=:Sb04,H0,  which,  when  thoroughly 
edulcorated,  has  the  property  of  reddening  litmus.  Antimonious  acid 


consists  of 

Proust.  Thenard.  Berzelius.  Thomson. 

Antimony  1 ....  129  ....  80*12  ....  77  ....  80  ....  80*127  ....  80*84 

Oxygen  4 ....  32  ....  19*88  ....  23  ....  20  ....  19*873  ....  19*16 


Antimonious  acid  1 161  100*00  100  100  100*000  100*00 


This  oxide  is  sometimes  regarded  as  = SbOs-hSbOs;  or.  as  an 
antwioniate  of  antimony^  composed  of 

Oxide  of  antimony  1 ....  153  ....  47*52 

Antimonic  acid  1 ....  169  ....  52*48 

Antimonious  acid 1 322  100*00 

Salts  of  the  Antimonious  Acid.  Antimonites.  These  compounds 
have  been  examined  by  Berzelius.  {Nicholsons  Journal^  xxxv.)  They 
are  formed  by  double  decomposition  with  the  solution  of  antimonite  of 
potassa.  In  these  salts  the  oxygen  in  the  base  is  to  that  in  the  acid  as 
I to  4.  (According  to  Fremy,  these  salts  are  antimoniates^  the  antimo- 
nious acid  being  resolved,  when  heated  with  a base,  into  protoxide  and 
antimonic  acid.  Ann.  Ch.  et  Ph.^  Deer.  1844.) 

Antimonite  of  Ammonia.  The  solution  of  antimonious  acid  in 
ammonia  deposits  a white  powder  on  exposure,  which  is  an  acid 

antimonite. 

Antimonite  of  Potassa  is  formed  by  fusing  a mixture  of  potassa  or 
carbonate  of  potassa  and  antimonious  acid  ; the  product  is  washed  in 
cold  water  to  remove  excess  of  alkali ; the  residue  is  resolved  by  boiling 
water  into  a soluble  antimonite  consisting  of  23  potassa 4- 77  antimonious 
acid  = KO,Sb04,  and  into  an  insoluble  biantimonite  = K0,2Sb04. 

Antimonite  of  Soda  is  soluble  in  water. 

Antimonite  of  Lime  is  a white  crystalline  powder,  of  difficult  solu- 
bility in  water  : it  is  formed  by  double  affinity. 

Antimonite  of  Baryta.  Antimonite  of  potassa  added  drop  by 
drop  to  a boiling  solution  of  chloride  of  barium  causes  a gradual  deposit 
of  silky  acicular  crystals,  sparingly  soluble  in  water,  and  permanent  in 
the  air. 
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Antimonite  op  Manganese  is  white  and  moderately  soluble  in 
water. 

Antimonite  of  Cobalt  is  a bulky  lilac-colored  precipitate  having 
no  appearance  of  crystallization ; it  dissolves  in  hot  water ; when  dried 
in  the  air,  it  retains  25  per  cent,  of  water. 

Antimonite  of  Copper  is  a bulky  green  insoluble  powder. 


Antimonite  op  Lead  is  an  insoluble  white  powder. 


Antimonic  Acid.  Peroxide  of  Antimony.  SbOs,  is  procured:  1. 
By  acting  for  a considerable  time  upon  the  powdered  metal,  by  excess  of 
hot  nitric  acid,  and  exposing  the  product  to  a heat  of  about  500°.  2.  By 

dissolving  antimony  into  nitrohydrochloric  acid,  evaporating  to  drive  off 
the  excess  of  acid,  and  then  pouring  water  upon  the  residue  : the  anti- 
monic acid  separates  in  the  form  of  an  insoluble  hydrate^  — Sb05,H0. 
When  washed  upon  a filter,  and  carefully  dried  at  about  500°,  it  be- 
comes anhydrous : at  a red-heat  it  gradually  loses  such  proportion  of  its 
oxygen  as  to  become  antimonious  acid.  3.  When  antimoniate  of  potassa 
is  decomposed  by  nitric  acid,  nitrate  of  potassa  and  hydrated  antimonic 
acid  (Sb05,H0,)  are  the  results.  4.  The  diaphoretic  antimony  and 
Bezoar  mineral  of  old  Bharmacopceioe  consisted  of  this  oxide,  generally, 
however,  unless  washed  with  a dilute  acid,  retaining  potassa,  and  being, 
according  to  Berzelius,  K0,2Sb05.  The  Antimoniuni  diaphoreticum  ah- 
lutum  of  the  Prussian  Pharmacopoeia  is  prepared  as  follows  : half  a pound 
of  crude  antimony  and  two  pounds  of  nitre  are  reduced  to  a fine  powder, 
and  gradually  projected  into  a red-hot  crucible.  After  deflagration  the 
mass  is  fused  and  stirred  occasionally  for  an  hour;  when  cold  it  is  pul- 
verized and  well  edulcorated.  It  should  be  white,  tasteless,  difficultly 
soluble  in  acids,  not  volatile,  nor  fusible  except  at  a very  high  heat. 

Antimonic  acid  is  pale  yellow,  tasteless,  and  apparently  insoluble  in 
water,  but  yet  reddens  moistened  litmus  paper.  Its  sp.  gr.  is  6’25.  It 
neither  fuses  nor  volatilizes  at  a bright  red-heat,  but  gradually  loses  oxygen 
and  becomes  antimonious  acid:  when  exposed  to  the  flame  of  a spirit  lamp 
urged  by  a blow-pipe,  it  passes  off  slowly  in  white  fumes.  It  does  not 
decompose  the  alkaline  carbonates  in  the  humid  way,  but  at  a red-heat 
it  expels  their  carbonic  acid,  and  combines  with  the  base.  It  dissolves 
in  the  liquid  caustic  alkalis,  and  in  hydrochloric  acid  when  in  the  state 
of  hydrate ; but  after  exposure  to  a dull  red-heat,  becomes  of  extremely 
difficult  solubility.  Heated  with  I atom  of  sulphur  it  yields  sulphurous 
acid  and  oxide  of  antimony;  SbOs S=r:Sb03  q- S02;  but  with  a larger 
quantity  of  sulphur,  5*5  atoms  for  instance,  it  yields  sulphuret  of 
antimony  and  sulphurous  acid;  2Sb05-l-ll  S = 2SbS3  -f  5S  2.  It 
consists  of 


Antimony 
Oxygen  .. 


Thomson.  Berzelius.  Proust. 

1 ....  ....  76-33  ....  73-33  ....  76  34  ....  77 

f)  ....  40  ....  23-67  ....  26-67  ....  23-fi6  ....  23 


Antimonic  acid  or  1 
peroxide  of  antimony  1 


169  100-00  100-00  100-00  100 
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Salts  of  the  Antimonic  Acid.  Antimoniates.  These  salts  are 
obtained  chiefly  by  double  decomposition ; as  by  adding  the  antimoniate 
of  potassa  to  the  soluble  salts  of  the  other  metals  : they  are  mostly  diffi- 
cultly soluble  or  insoluble.  In  the  neutral  antimoniates  the  oxygen  in 
the  base  is  to  that  in  the  acid  as  1 to  5. 

Antimoniate  of  Ammonia  is  formed  by  digesting  hydrated  antimonic 
acid  in  ammonia.  On  evaporation  a siiper-  antimoniaie  of  ammonia  is 
obtained  in  the  form  of  a white  powder. 

Antimoniate  of  Potassa  is  eontained  in  the  Avhite  poAvder  obtained 
by  igniting  a mixture  of  6 parts  of  nitre  and  1 of  antimony,  and  Avashing 
the  residue  with  cold  AAmter.  It  partially  dissolves  in  hot  Avater,  and  this 
solution  produces  precipitates  of  insoluble  antimoniates  in  several  other 
metallic  solutions : an  antimoniate  AA'ith  excess  of  acid  remains  undis- 
soEed.  When  a mixture  of  potassa  and  protoxide  of  antimony  is 
heated  in  the  air,  oxygen  is  absorbed,  and  antimoniate  of  potassa  formed. 
Wackenroder  has  recommended  a solution  of  antimoniate  of  potassa  as  a 
test  for  soda ; he  obtains  it  by  fusing  together  500  parts  of  diaphoretic 
antimony  Avith  204  of  carbonate  of  potassa  at  a strong  red-heat  for  half 
an  hour:  digested  in  100  parts  of  hot  Avater  it  dissolves,  leaAung  some 
antimonic  acid : AAdieii  cold,  the  filtered  solution  should  be  preserved  out 
of  contact  of  air.  Moderately  dilute  solutions  of  potassa-salts  are  not 
aflected  by  this  solution  of  antimoniate  of  potassa,  Avhen  they  are  free 
from  lime  and  magnesia;  but  the  salts  of  soda  giA^e  Avith  it  crystalline 
precipitates  of  antimoniate  of  soda.  (^CJiem.  Gaz..^  Novr.  1843  and  Jan. 
1844.) 

Antimoniate  of  Soda,  as  throAAm  doAvn  from  soda  solutions  by  anti- 
raoniate  of  potassa,  is  ahvays  crystalline,  forming  microscopic  square 
prisms  Avith  truncated  ends : it  is  very  sjiaringly  soluble  in  boiling  Avater. 

Antimoniate  of  Lime.  Solution  of  antimoniate  of  potassa  dropped 
into  chloride  of  calcium  produces  a precipitate,  at  first  redissolved,  but 
afterAvards  permanent  and  adhering  to  the  glass  like  carbonate  of  lime. 

Antimoniate  of  Baryta  is  a light  flocculent  insoluble  poAvder,  from 
Avhich  dilute  nitric  acid  abstracts  the  baryta  and  leaves  the  acid  : it  is 
formed  by  adding  antimoniate  of  potassa  to  chloride  of  barium. 

Antimoniate  of  Manganese  is  a Avhite  poAvder,  permanent  in  the 
air  and  little  soluble  in  Avater.  When  heated  it  gives  out  AAmter  and  be- 
comes grey : at  a red-heat  it  again  becomes  AA'hite. 

Antimoniate  op  Iron.  Antimoniate  of  potassa  throAvs  doAvn  a Avhite 
precipitate  in  the  protosalts  of  iron,  Avhich  becomes  yelloAvish  Avhen  re- 
moved from  the  solution  and  dried.  When  heated  it  gives  out  Avater  and 
reddens.  Before  the  bloAA^-pipe  it  is  reduced;  the  antimony  is  volatilized, 
and  iron  obedient  to  the  magnet  remains. 

Antimoniate  of  Zinc,  precipitated  by  antimoniate  of  potassa  from 
sulphate  of  zinc,  is  a Avhite  crystalline  powder,  very  sparingly  soluble  in 
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water:  it  gives  cutwater  and  becomes  yellow  wlieii  heated:  it  is  not 
reduced  by  the  blow-pipe  on  cliarcoaL 

Antimoniate  of  Cobalt  is  a red  crystalline  precipitate,  sparingly 
soluble  in  water. 

Aatimoaiate  of  Nickel  is  an  insoluble  greenish-'white  powder. 

Antimoniate  of  Copper  is  a bulky  green  insoluble  precipitate. 
Before  the  blow-pipe  it  leaves  a button  of  copper  and  antimony. 

Antimoaiate  of  Lead  is  an  insoluble  white  powder,  becoming  yellow 
when  heated,  and  reducible  before  the  blow-pipe  into  an  alloy  of  lead  and 
antimony. 

Antimony  and  Chlorine.  Protociiloride  of  Antimony.  (7Vr- 
chloride  of  Antimony.  Sesquichloride  of  Antimony.)  SbCi3.  I.  The 
powdered  metal  takes  fire  when  thrown  into  gaseous  chlorine,  and  a 
compound,  at  first  liquid,  but  afterwards  concreting  (if  the  antimony  be 
in  excess,)  is  formed.  But  according  to  IT.  Rose,  this  product  is  always 
a perchloride,  and  protochloride  of  antimony  cannot  be  thus  formed.  2. 
By  the  distillation  of  3 parts  of  powdered  metallic  antimony  with  8 of 
corrosive  sublimate.  Sb -f- 3HgCl  = Sb  Cl3, -f  3ITg.  3.  By  dissolving 
oxide  of  antimony  in  hydrochloric  acid,  and  evaporating  to  dr3uiess  out 
of  the  contact  of  air.  4.  By  distilling  sulphate  of  antimony  with 
common  salt;  Sb03,3S03  + 3NaCl  = SbCl3,  + 3 [Na0,S03.]  5.  By 

dissolving  I part  of  sulphuret  of  antimony  in  5 of  hydrochloric  acid, 
pouring  olf  the  liquor,  and  distilling  until  the  volatile  part  concretes  on 
cooling,  when  the  receiver  is  changed,  and  that  which  afterwards  passes 
over  is  pure  chloride. 

Protochloride  of  antimony  is  a soft  solid  at  common  temperatures, 
but  becomes  liquid  by  a gentle  heat,  and  crystallizes  as  it  cools.  It  is  the 
blitter  of  antimony  of  old  writers.  It  deliquesces  by  exposure  to  air,  and 
is  a powerful  caustic.  When  water  is  added  to  this  chloride  a mutual 
decomposition  ensues,  and  hydrated  oxichloride  of  antimony  and  hydro- 
chloric acid  result.  It  does  not  absorb  hydrochloric  gas.  It  slowly 
absorbs  about  6 per  cent,  of  ammonia : the  compound  does  not  deli- 
quesce, and  the  ammonia  is  entirely  expelled  by  a gentle  heat : it 
forms  with  sal-ammoniac  a crystallizable  compound  =:  2NH4  Cl, SbCl3. 
(Jacquelain,  Ann.  Ch.  et  Ph.,  Lxvi.,  128.)  Protochloride  of  antimony 
consists  of 

II.  Rose.  Gobel.  J.  Davy. 

Antimony  1 ....  129  ....  54-43  ....  53-27  ....  54  98  ....  GO-42 

Chlorine 3 ....  108  ....  45-57  ....  46-73  ....  45-02  ....  39-58 

Protochloride  of  antimony  1 237  lOO’OO  100  00  lOO'OO  100-00 

Protochloride  of  antimony  is  sometimes  used  for  bronzing  metals, 
especially  gun-barrels,  which  are  cleaned  and  rubbed  over  wdth  it : a film 
of  antimony  is  precipitated  upon  the  iron  : some  sulphate  of  copper  is 
generally  added  to  the  chloride  of  antimony.  (In  reference  to  the  sepa- 
ration of  the  protochloride  from  the  perchloride  of  antimony,  see  a paper 
by  M.  A.  Level,  Ann,  Ch.  et  Ph.,  3rd  Ser.,  i.  504.) 
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Poggiale  lias  described  two  double  salts  composed  of  chloride  of 
antimony  and  chloride  of  ammonium,  the  formulaB  of  which  are  3 [NH4, 
Cl,]  SbCl3  + 3HO,  and  2 [NH4  Cl,]SbCl3  + 2HO.  These  salts  are  trans- 
parent, colorless,  and  permanent  in  a dry  atmosphere,  and  are  decom- 
posed by  a large  quantity  of  water.  {^Co7nples  Rend,  and  Chem.  Gaz.y  Feb. 
1846.)  Analogous  double  salts  may  also  be  formed  with  the  chlorides  of 
potassium  and  of  sodium:  their  formulae  are  3KCl,SbCl3,  and  3NaCl, 
SbCl3.  With  chloride  of  barium  the  salt  is  2BaCl,SbCl3  + 5HO  : it 
forms  stellated  acicular  crystals. 

Perchloride  op  Antimony.  Pentachloride  op  Antimony.  SbCls, 
is  formed  by  passing  dry  chlorine  over  heated  antimony,  or  by  exposing 
the  protochloride  to  a stream  of  chlorine  which  has  been  dried  by  transmis- 
sion through  oil  of  vitriol.  It  is  a volatile  transparent  liquid,  which^emits 
copious  fumes  when  exposed  to  air.  When  heated,  it  becomes  proto- 
chloride by  the  evolution  of  chlorine.  By  exposure  to  air  it  becomes  a 
crystalline  hydrated  perchloride^  which  is  deliquescent  and  soluble  with- 
out decomposition  in  concentrated  hydrochloric  acid.  It  consists  of 


H.  Rose. 

Antimony  1 ....  129  ....  41*74  ....  40*56 

Chlorine  5 ....  180  ....  58*26  ....  59*44 


Perchloride  of  antimony 1 309  100*00  100*00 

OxiCHLORiDE  OP  Antimoni-  When  protochloride  of  antimony  is 
mixed  with  a large  quantity  of  water,  a precipitate  falls,  which  was 
formerly  used  as  an  emetic,  under  the  name  of  Algarotti’s  powder.^  or 
Mercurius  vitce.  The  same  compound  is  formed  on  diluting  a solution 
of  antimony  in  nitrohydrochloric  acid.  When  first  thrown  down  it  is 
white  and  curdy,  but  afterwards  assumes  a yellowish-grey  color  and 
becomes  pulverulent  or  crystalline : it  does  not  dissolve  in  water : it  is 
fusible,  and  concretes  on  cooling  into  a translucent  crystalline  mass.  By 
continued  washing  with  hot  water,  and  by  the  action  of  the  alkaline 
carbonates,  it  leaves  protoxide.  From  the  experiments  of  Johnston, 
(A.  Edinh.  Phil.  Journ..^  xviii.  40,)  Phillips,  {Phil.  Mag.  and  Ann..,  viii. 
406,)  and  Malaguti,  (Ann.  Ch.  et  Ph.,  lix.  220,)  this  compound  appears 
to  consist  of 


Antimony 6....774..,.77’24]  tProtochlonde  of  an-i , oq-pk 

Chlorine  3.. ..108.... 10*78  > = ] timony  oo 

Oxygen  15. ...120.... 11*98]  [Oxide  of  antimony  .. .,5. ...765....76*45 


Oxichloride  of  antimony  1 1002  100*00  1 1002  100*00 

Chlorate  and  Perchlorate  op  Antimony  have  not  been  exa- 
mined. 

Iodide  op  Antimony.  Sbl3.  Antimony  and  iodine  combine  when 
triturated  together  (sometimes  with  explosion,)  and  form  a brown  crys- 
talline compound,  fusible  and  volatile  without  decomposition ; acted  upon 
by  water,  it  produces  hydriodic  acid  and  an  oxiodide  of  antimony.  When 
powdered  antimony  and  iodine  are  boiled  together  in  water,  hydriodic 
acid  and  protoxide  of  antimony  are  the  results. 
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loDATE  and  Periodate  op  Antimony  are  unknown. 

Bromide  of  Antimony.  SbBr3.  The  action  of  bromine  on  antimony 
is  attended  by  the  disengagement  of  heat  and  light,  and  the  compound  is 
readily  obtained  by  distillation,  as  in  the  process  for  preparing  bromide 
of  arsenic:  it  is  solid  at  common  temperatures,  fusible  at  206^,  and  boils 
at  518°.  It  is  colorless,  and  crystallizes  in  needles;  it  attracts  moisture 
from  the  air,  and  is  decomposed  by  water.  (Serullas,  Ann.  Ch.  cl  Ph., 
Nxxviii.  322.) 

Bromate  of  Antimony  has  not  been  examined. 

Fluoride  of  Antimony,  SbFs,  is  a white  solid  compound,  more 
volatile  than  sulphuric  acid.  (Dumas,  Ann.  Ch.  et  Ph.^  xxxi.  435.) 

Antimony  and  Hydrogen.  When  antimony  is  made  the  negative 
electrode  in  water,  a dark -brown  substance  (hydruret?)  is  slowly  formed. 
A7iti7noniu7'etted  hydroge7i  gas,  Sblls,  is  formed  by  the  action  of  dilute 
sulphuric  or  hydrochloric  acid  on  alloys  of  zinc  and  antimony;  or  by  dis- 
solving zinc  mixed  with  oxide  of  antimony  in  those  acids.  (Thompson, 
Phil.  Mag.,  X.  353.)  This  gas  may  be  obtained  pure  by  the  action  of 
dilute  sulphuric  acid  on  an  alloy  of  equal  weights  of  zinc  and  antimony; 
or  by  dissolving  zinc  in  a solution  of  emetic  tartar  in  hydrochloric  acid. 
The  gas  is  colorless,  nearly  inodorous  (if  free  from  arsenic),  and  is  decom- 
posed when  passed  through  a tube  heated  to  dull  redness,  depositing  a 
brilliant  coat  of  antimony.  When  burned  in  the  air,  it  deposits  oxide  of 
antimony,  and  if  the  flame  be  in  contact  of  glass  or  porcelain,  metallic 
spots  are  formed  resembling  those  produced  by  a similar  combustion  of 
arseniuretted  hydrogen  (which  see.) 

When  antimoniuretted  hydrogen  gas  stands  for  some  days  over  water 
it  deposits  films  of  antimony : it  is  slowly  decomposed  by  gaseous  chlo- 
rine, but  more  rapidly  when  transmitted  through  aqueous  solution  of 
chlorine.  It  appears  to  consist  of 


Lassaigne. 

Antimony  1 ....  129  ....  9773  ....  97'58 

Hydrogen  3 ....  3 ....  2-27  ....  2-42 


p I ■ " I ■■  I ■ ■ ■■■  I . I—  . ■ ■ ■ ■ ■ “ 

Antimoniuretted  hydrogen  gas  ....  1 132  lOO'OO  lOO'OO 

When  a concentrated  solution  of  sal-ammoniac  is  decomposed  by  a 
powerful  voltaic  battery,  the  negative  electrode  of  which  is  a bar  of 
antimony,  faint  detonations  are  heard  arising  from  the  formation  of  a 
spontaneously  inflammable  modification  of  antimoniuretted  hydrogen. 
(Marchand,  Jour7i.  fur  prakt.  ChcTn.,  xxxiv.  381.) 

Nitrate  op  Antimony.  Nitric  acid  acts  powerfully  on  metallic 
antimony,  and,  if  mixed  with  it  in  fine  powder,  will  sometimes  cause 
its  inflammation  : the  metal  becomes  peroxidized,  and  scarcely  an 
appreciable  portion  is  retained  in  solution.  As  in  some  analogous  cases 
of  the  decomposition  of  nitric  acid,  ammonia  is  produced,  which  may  be 
rendered  sensible  by  pouring  potassa  on  the  white  magma  that  results, 
and  by  which  the  nitrate  of  ammonia  is  decomposed.  Protoxide  of 
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antlmoii}^  digested  in  dilute  nitric  acid,  produces  a difficultly-soluble 
salt,  Avliicli  separates  in  white  scaly  crystals,  and  which  appears  to  he  a 
niiraic  of  antiviony.  Neither  antimonious  nor  antimonic  acids  are  soluble 
in  nitric  acid. 

Nitrohyduociiloric  Acid  readily  dissolves  antimony,  and  forms  an 
orange-colored  solution,  which  is  decomposed  by  the  addition  of  water. 
It  is  frequently  sold  under  the  name  of  muriate  of  antimony.  Iron  or 
zinc  immersed  into  this  solution  tliroiv  down  a black  powder,  Avhich, 
according  to  Thenard,  is  pyrophoric. 

SuLPHURET  OF  Antimony.  Protosulphuret  OF  Antimony.  {Ter- 
sufhuret  or  Sesquisulfhuret  of  Antimony.)  SbSs.  This  compound  may 
be  formed  artificially  by  fusing  the  metal  with  sulphur,  or  by  heating 
any  of  the  oxides  of  antimony  with  excess  of  sulphur.  Its  color  is 
dark-grey  and  metallic;  its  specific  gravity  4*66:  it  closely  resembles  the 
native  sulphuret.  When  this  sulphuret  is  exposed  under  a muffle  to 
a dull  red-heat,  it  gradually  loses  sulphur,  and  absorbs  oxygen,  being 
converted  into  a grey  powder,  which  consists  of  a mixture  of  protoxide 
of  antimony  and  sulphuret.  If  the  heat  be  increased,  this  fuses  into 
a transparent  substance  of  a yellow  or  brown  color,  formerly  called 
Glass  of  antimony.,  the  composition  of  which  is  variable;  it  generally 
contains  about  85  per  cent,  of  protoxide  and  15  of  sulphuret.  In  that 
which  is  imported  for  pharmaceutical  purposes  from  Germany  and 
Holland,  there  is  usually  a portion  of  silica,  and  it  is  sometimes  adul- 
terated with  oxide  of  lead.  This  fraud  is  detected  by  digesting  the 
finely-powdered  glass  in  hot  nitric  acid,  diluting  the  solution,  and  fil- 
tering. The  filtered  liquor  gives  a white  precipitate  on  the  addition  of 
sulphate  of  soda,  if  lead  be  present.  During  the  formation  of  glass  of 
antimony,  if  the  heat  be  raised  too  high,  the  greater  part  of  the  oxide 
sublimes  in  slender  crystalline  needles,  (which  are  generally  regarded  as 
protoxide,  but  which  Phillips  found  insoluble  in  a solution  of  bitartrate 
of  potassa;)  while  another  portion,  if  air  be  not  excluded,  passes  into 
the  state  of  deutoxide,  and  undergoes  no  further  change  at  a very  high 
temperature.  Compounds  of  the  protoxide  with  larger  quantities  of  the 
sulphuret  have  been  termed  Saffron  of  antimony  or  Crocus  metallorum., 
and  Liver  of  antimony. 

When  sulphuret  of  antimony  is  deflagrated  Avith  nitre,  the  residue 
consists  of  sulphate  and  antimoniate  of  potassa.  When  boiled  AAutli 
sulphuric  acid,  sulphur  is  separated,  sulphurous  acid  evolved,  and  a 
sulphate  of  antimony  is  formed,  from  Avhich  water  precipitates  a subsul- 
phate. AVith  hydrochloric  acid,  sulphuretted  hydrogen  is  evolved,  and  a 
solution  of  chloride  of  antimony  in  hydrochloric  acid  is  formed,  together 
Avith  more  or  less  of  the  sulphuretted  oxide.  Chlorine  passed  over  heated 
sulphuret  of  antimony  forms  chloride  of  sulphur  and  chloride  of  anti- 
mony. With  nitrohydrochloric  acid  it  yields  chloride  of  antimony  and 
sulphur,  and  if  there  be  excess  of  nitric  acid,  sulphate  and  peroxide  of 
antimony  are  also  produced.  Hydrogen  gas  passed  over  this  sulphuret  at 
a red-heat,  carries  otf  the  sulphur  in  the  form  of  sulphuretted  hydrogen, 
and  metallic  antimony  remains.  Charcoal  decomposes  sulphuret  of 
antimony  at  high  temperatures,  and  sulphuret  of  carbon  and  metallic 
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antimony  are  the  results : it  is  also  clesulphurized  at  high  temperatures 
hy  the  action  of  iron  and  some  other  metals.  This  sulphuret  of  antimony, 
whether  native  or  artificial,  consists  of 

Berzelius.  Bergman.  J.Davy.  Vauquelin. 

Antimony 1 ....  129  ....  72'88  ....  72-8  ....  74  ....  74-16  ....  75 

Sulphnr 3 ....  48  ....  27-12  ....  27-2  ....  26  ....  25*84  ....  25 

Sulphuret  of  antimony  1 177  100*00  100*0  100  100*00  100 

Kerries  Mineral.  Golden  Sulphuret  of  Antimony.  Under 

these  names,  and  also  under  those  of  Precipitated  sulphuret  of  antimony 
and  Oxisulphuret  of  antimony^  certain  products  liave  been  described  of 
variable  composition,  and  respecting  the  nature  of  which  chemists  are 
not  agreed. 

AVhen  solutions  of  antimony  are  decomposed  by  sulphuretted  hydrogen, 
red,  brown,  or  orange-colored  precipitates  result,  which  vary  in  appear- 
ance and  composition  with  the  nature  of  the  solution.  The  most  definite 
combination  of  this  kind  is  that  which  is  thrown  down  when  sulphuretted 
hydrogen  is  passed  through  an  aqueous  solution  of  the  tartrate  of  anti- 
mony and  potassa  (emetic  tartar).  It  is  of  a red  color  inclining  to 
orange,  and  when  dried  in  the  air  retains  its  color : it  wms  generally 
considered  as  a compound  of  sulphuretted  hydrogen  and  oxide  of  anti- 
mony (hydrosulphate  of  antimony) ; and,  inasmuch  as  when  heated  it 
loses  water  and  passes  into  the  state  of  grey  sulphuret  of  antimony,  it 
Avas  presumed  that,  under  such  circumstances,  there  Avas  a mutual  decom- 
jiosition  of  the  oxide  and  the  sulphuretted  hydrogen.  But  it  has  been 
found  that  this  precipitate  may  be  rendered  anhydrous  by  careful  drying, 
and  that  it  still  retains  its  red  color;  but  that  Avhen  more  strongly 
heated  it  .shrinks  in  bulk  and  suddenly  assumes  the  color  and  lustre  of 
the  grey  sulphuret : hence  it  has  been  regarded  as  a hydrated  sulphuret 
of  antimony,  and  its  color  (and  medicinal  actiAuty?)  have  been  referred 
to  its  state  of  division. 

Kermes  mineral  is  generally  prepared  as  folloAvs : Equal  parts  of  sul- 
phuret of  antimony  and  of  caustic  potassa  are  fused  together ; the  result- 
ing mass  is  finely  poAvdered,  and  boiled  in  ten  times  its  AA^eight  of  Avater. 
The  liquor  is  filtered  Avhile  hot ; and,  during  cooling,  it  dejiosits  kermes. 
The  mother-liquor  of  kermes  deposits  a copious  yellowish-red  precipitate 
upon  the  addition  of  dilute  sulphuric  acid,  which,  Avhen  AAmshed  and 
dried,  is  knoAAm  under  the  name  of  Golden  sidpliur  of  antimony. 

According  to  Berzelius,  AA^hen  3 atoms  of  potassa  and  I of  sulphuret 
of  antimony  are  fused  together,  they  yield  3 atoms  of  sulphuret  of  potas- 
sium and  I of  oxide  of  antimony.  3KO  + SbS3  ==  3KS  + Sb03.  The 
sulphuret  of  potassium  unites  Avith  undecomposed  sulphuret  of  antimony, 
forming  a double  sulphuret  or  sulphur  salt ; and  the  oxide  of  antimony 
unites  Avith  the  undecomposed  potassa,  so  that  AA’hen  hot  Avater  is  added, 
a solution  is  obtained,  holding  the  double  sulphuret  of  antimony  and 
potassium,  and  the  compound  of  oxide  of  antimony  and  potassa.  As  the 
solution  cools  sulphuret  of  antimony  subsides,  merely  because  the  solvent 
poAA^er  of  the  sulphuret  of  potassium  is  diminished  by  cooling,  and  it 
carries  down  Avith  it  a variable  quantity  of  antimoniated  potassa,  appa- 
rently in  combination,  inasmuch  as  it  cannot  be  remov^ed  by  AA*ashing. 
The  cold  solution  still  contains  double  sulphuret  of  antimony  and  potas- 
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siura,  and  also  antimoniated  potassa : on  adding  to  it  the  dilute  acid 
the  siilphuret  of  potassium  becomes  converted  into  sulphuretted  hydrogen 
and  potassa  (by  decomposition  of  water),  and  the  antimoniated  potassa 
is  decomposed  by  the  abstraction  of  its  potassa ; so  that  the  sulphuret 
and  the  oxide  of  antimony  being  both  deprived  of  the  principles  which 
gave  them  solubility,  are  precipitated  in  the  form  of  what  is  called  golden 
siilphiiret,  and  which  differs  from  kermes  in  the  absence  of  potassa  and  in 
containing  more  oxide  of  antimony,  and  perhaps,  as  Dr.  Turner  observes, 
in  being  or  containing,  an  oxisulphuret.  The  following,  therefore,  are  the 
components  of  kermes  and  the  golden  sulphuret,  the  relative  proportions 
of  their  proximate  elements  being  probably  indefinite  : 

Sulphuret  of  antimony. .. . 1 Sulphuret  of  antimony 1 f Golden  sulphur 

Antimoniated  potassa  ....  j ' Oxide  of  antimony j [ of  antimony. 

The  oxisulphuret  of  antimony  of  the  Pharmacopoeia  is  probably  a mix- 
ture of  kermes  and  of  the  golden  sulphuret ; it  is  necessarily  somewhat 
indefinite  in  its  composition,  and  therefore  objectionable  as  a medicine: 
the  medical  powers  of  the  sulphuret  precipitated  by  sulphuretted  hydro- 
gen from  a solution  of  emetic  tartar  have  not  been  well  ascertained,  hut 
it  would  be  an  advantage  if  some  definite  oxisulphuret  of  antimony  could 
he  substituted  for  the  above : it  is  certainly  not  very  probable  that  a 
highly  active  antimonial,  medicinally,  should  be  a mere  sulphuret  of 
antimony,  owing  its  activity  to  its  state  of  mechanical  division ; whether 
kermes  is  a mixture  or  a combination  of  sulphuret  of  antimony  with 
antimoniated  potassa  has  not  been  determined,  but  it  is  probable  that 
either  oxide  of  antimony  or  its  compound  with  potassa  are  essential  to 
its  medicinal  powers;  and  therefore,  any  mere  sulphuret  of  antimony  ought 
not  to  bear  the  name  of  kermes.  Phillips  gives  the  following  as  the 
composition  of  the  ‘‘Antimonii  oxysulphuretum”  of  the  Pharmacopoeia. 


{Trans.  Lond.  Tharm.) 

Sesqiiioxide  of  antimony  12*0 

Sesquisulphuret  of  antimony  76’5 

Water  11*5 


100-0 

Native  Sidphuret  of  Antimony  is  by  far  the  most  frequently  occurring 
ore  of  antimony.  It  occurs  in  prismatic  and  acicular  crystals  in  the 
mines  of  Hungary  and  the  Hartz ; in  France;  in  Cornwall;  and  in  the 
Island  of  Borneo,  whence  it  is  brought  by  way  of  Singapore  as  ballast, 
to  the  annual  amount  of  between  6 and  700  tons.  This  ore  was  known 
to  the  ancients  and  used  by  the  Asiatic  and  Greek  ladies  as  a pigment 
for  the  eyelashes:  it  was  called  stimmi  (^arcppl)  and  stibium  {arL/Sl). 
It  used  formerly  to  be  separated  from  its  siliceous  gangue,  by  heating  it 
in  melting-pots,  at  the  bottom  of  which  were  several  holes  through  which 
it  ran  into  a pot  beneath ; but  the  loss  attendant  upon  this  method  has 
led  to  fusing  it  in  a reverberating  furnace  from  which  it  flows  into  vessels 
placed  for  its  reception.  It  is  known  in  commerce  as  crude  antimony., 
and  is  usually  met  with  in  somewhat  conical  masses  or  loaves,  presenting 
when  broken  a dark  grey  and  striated  or  crystalline  fracture,  and 
metallic  lustre : its  powder  is  nearly  black,  and  its  melting-point  some- 
what above  that  of  the  pure  metal:  it  is  seldom  pure,  frequently  con- 
taining the  sulphurets  of  lead,  iron,  copper,  and  arsenic.  When  pure. 
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it  is  completely  soluble  when  boiled  in  fine  powder  in  hydrochloric  acid ; 
if  it  contain  sulphuret  of  arsenic  this  remains  undissolved.  On  largely 
diluting  the  hydrochloric  solution  with  water,  the  greater  part  of  the 
antimony  is  precipitated,  and  the  lead,  iron,  and  copper  may  then  be 
detected  by  their  appropriate  tests. 

Persulphuret  of  Antimony.  Pentasulphuret  of  Antimony. 
SbSs.  This  compound  may  be  formed  by  passing  sulphuretted  hydrogen 
through  antimonic  acid  diffused  in  water,  or  through  pentachloride  of 
antimony  dissolved  in  aqueous  tartaric  acid.  It  may  also  be  obtained 
by  dissolving,  as  in  the  preparation  of  kermes,  an  alkaline  sulphuret  and 
sulphuret  of  antimony,  with  excess  of  sulphur,  so  that  the  tersulphuret 
may  be  converted  into  pentasulphuret,  and  then  adding  an  acid ; 3 [NaS, 
SbSo]  + 3[S03lI0]  = 3[Na0,S03]  + 3HS  + SbSs.  This  pentasul- 
phuret is  an  orange-colored  powder,  which,  when  heated  out  of  contact 
of  air,  loses  2 atoms  of  sulphur ; it  dissolves  in  warm  aqueous  ammonia 
and  in  potassa  and  soda,  and  combines  with  the  basic  sulphurets.  It 
consists  of 

Antimony 1 ....  129  ....  61-72 

Sulphur  5 ....  80  ....  38-28 

Pentasulphuret  of  antimony  1 209  100-00 

OxisuLPHURET  OF  Antimony.  It  has  already  been  stated  that  glass 
of  antimony  is  a compound  of  sulphuret  and  oxide  of  antimony,  and  that 
some  other  medicinal  preparations  of  antimony,  are  also  combinations  of 
variable  proportions  of  the  sulphuret  and  oxide.  To  this  class  of  com- 
pounds belongs  also  the  beautiful  and  rare  ore  of  antimony,  called  red 
antimony ; it  generally  occurs  in  delicate  capillary  crystals,  consisting, 
according  to  H.  Rose,  of  2 atoms  of  sulphuret  and  I of  oxide  of 
antimony. 

Chlorosulphuret  of  Antimony.  When  chlorine  is  passed  over  ter- 
sulphuret of  antimony  gently  heated  it  forms  at  first  a brown  liquid,  which 
afterwards  by  absorbing  more  chlorine,  produces  a white  powder,  being, 
according  to  H.  Rose,  SbCl5,3SCl2. 

loDOSULPHURET  OF  Antimony  is  procured,  according  to  Henry  and 
Garot,  by  triturating  together  equal  parts  of  iodine  and  sulphuret  of  anti- 
mony; it  is  of  a reddish-brown  color,  and  when  heated  gives  a red 
vapor,  which  condenses  in  red  lamina3.  It  consists  of  23-2  antimony, 
67*9  iodine,  8-9  sulphur.  This  compound  is  very  fusible  and  volatile,  and 
is  decomposed  at  a high  temperature.  Acted  on  by  water  it  yields  prot- 
oxide of  antimony,  sulphur,  and  hydriodic  acid : its  taste  is  acrid  and 
disagreeable. 

Sulphite  of  Antimony  is  an  insoluble  white  salt,  obtained  by  digest- 
ing the  oxide  in  aqueous  sulphurous  acid,  or  by  passing  sulphurous  acid 
gas  through  a solution  of  oxide  of  antimony  in  hydrochloric  acid. 

Sulphates  of  Antimony.  The  white  saline  mass  formed  by  boiling 
powdered  antimony  in  sulphuric  acid,  is  resolved  by  water  into  an  inso- 
luble subsidphate  and  a soluble  snpersidphate:  the  latter  may  be  obtained 
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in  small  deliquescent  acicular  crystals  by  evaporation.  The  original  white 
salt  is  a tersulphate  Sb03,3S03 ; the  subsulphate  is  2Sb03,S03  ; and 
when  the  tersulphate  is  shaken  with  alcohol  a white  powder  is  obtained 
“ Sb03,S03.  (Brandes.) 

Seleniuret  of  Antimony.  Selenium  and  antimony  readily  combine 
with  evolution  of  heat ; the  compound  has  a metallic  lustre  and  crystalline 
fracture : it  combines,  by  fusion,  w'itli  the  oxide,  forming  an  oxiseleniuret, 

PiTOSPHURET  OF  Antimony  is  formed  by  heating  together  equal  parts 
of  oxide  of  antimony  and  phosphoric  acid,  with  a little  charcoal.  It  is 
white  and  brittle.  It  is  also  formed  by  projecting  phosphorus  upon 
melted  antimony.  (Pelletier.) 

Nothing  is  known  respecting  either  the  Hypophosphite  or  the  Phos- 
phite of  antimony. 

Phosphate  of  Antimony.  When  oxide  of  antimony  is  digested  in 
phosphoric  acid  it  is  dissolved,  but  atfords  no  crystallizable  salt  on  evapo- 
ration. (Wenzel.)  The  acid  solution  yields,  according  to  Brandes, 
small  prismatic  crystals  = 2Sb03,3P05,2H0,  which  after  washing  with 
cold  water  leave  a salt  — 2Sb03,P05 ; and  this,  after  long  edulcoration 
with  boiling  water,  becomes  4Sb03,P05. 

Antimonial  Powder.  In  the  Pondon  Pharmacopoeia  there  is  a 
preparation  called  Pulvis  Antimonii  Compositiis^  formed  by  heating  I part 
of  sulphuret  of  antimony  with  2 of  hartshorn-shavings.  The  action  of 
heat  upon  the  sulphuret  has  already  been  described.  Its  effect  upon  the 
hartshorn-shavings  is  to  destroy  the  animal  matter,  leaving  little  else 
than  phosphate  of  lime:  so  that  the  Pulvis  Antimonialis  consists  essen- 
tially of  an  oxide  of  antimony,  mixed  with  phosphate  of  lime.  This 
preparation  is  usually  considered  analogous  to,  if  not  identical  with, 
James's  Powder^  which,  according  to  Dr.  Pearson’s  analysis  {Phil.  Trans. ^ 
1 791),  consists  of  43  phosphate  of  lime,  and  57  oxide  of  antimony.  Be 
this  as  it  may,  the  antimonial  powder  of  the  Pharmacopoeia  is  an  uncer- 
tain and  ill-contrived  preparation : its  activity  depends  upon  the  propor- 
tion of  protoxide  which  it  contains ; but  a great  part  of  the  protoxide 
may  be  volatilized,  or  converted  into  deutoxide,  of  a mixture  of  which, 
wuth  phosphate  of  lime,  the  antimonial  powder  generally  consists.  Ac- 
cordingly, in  examining  antimonial  powder  from  various  sources,  prepared 
after  the  direction  of  the  Pharmacojjoeia^  it  is  found  of  variable  composi- 
tion ; and  it  is  very  difficult  so  to  conduct  the  process  as  to  obtain,  upon 
the  large  scale,  an  uniform  product.  For  medical  use,  emetic  tartar 
seems  the  only  certain  and  necessary  preparation  of  antimony ; if,  how- 
ever, a compound  of  the  nature  of  the  antimonial  powder  be  requisite,  one 
of  the  best  modes  of  preparing  it  would  be  to  dissolve  certain  proportions 
of  protoxide  of  antimony  and  phosphate  of  lime  in  hydrochloric  acid, 
precipitate  by  ammonia,  and  edulcorate  with  water.  Mr.  Chenevix  ad- 
vises for  this  purpose  ecjual  parts  of  the  oxide  and  phosphate,  but  such 
proportion  of  antimony  is  too  great.  (See  in  reference  to  the  composition 
and  properties  of  James’s  powder  and  antimonial  powder,  Pereira,  Mat. 
Med.,  404.) 
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Neither  Carbonate,  Cyanide,  nor  Borate  of  antimony  are  known  to 
exist. 

Alloys  op  Antimony.  Witli  potassium  and  sodium  antimony  forms 
white  brittle  compounds,  destructible  by  the  action  of  air  and  Avater. 
The  alloy  of  potassium  and  antimony  may  be  formed  by  heating  to  red- 
ness in  a covered  crucible  a mixture  of  equal  parts  of  finely-powdered 
antimony  and  tartar  for  about  three  hours.  When  cold,  the  crucible 
must  be  broken,  the  button  of  alloy  freed  from  the  scoriae,  broken  into 
pieces,  and  preserved  in  a well- stopped  phial.  By  substituting  tartrate 
of  soda  for  common  tartar  the  altoy  of  sodiuyn  and  aniimony  may  be 
obtained  : and  a mixture  of  soda-tartrate  of  potassa  and  poAvdered  anti- 
mony, yields  the  triple  alloy  of  antimony,  jjotassium,  and  sodium.  When 
these  alloys  are  reduced  to  poAANler,  and  exposed  to  air,  they  heat,  and 
take  fire  like  pyrophorus,  and  if  blended  Avith  excess  of  carbon  they 
hurst  into  sudden  ignition  on  exposure,  and  especially  on  the  addition  of 
a few  drops  of  Avater.  (Serullas,  Ann.  des  Mines,  vi.)  Nothing  is 
knoAAm  of  the  alloys  of  antimony  Avith  the  other  light  metals,  nor  Avith 
manganese,  cadmium,  or  cobalt.  Antimony  and  iron  combine  by  fusion, 
and  form  a Avhite  alloy,  the  density  of  which  exceeds  the  mean  of  its 
components.  2 parts  of  sulphuret  of  antimony  fused  Avith  1 of  iron, 
yield  a slag  of  sulphuret  of  iron,  and  an  alloy  Avhich  Avas  formerly  called 
Martial  regidus.  The  magnetic  quality  of  iron  is  said  to  be  more  dimi- 
nished by  antimony  than  by  any  other  metal.  Zmc  and  antimony 
form  a hard  brittle  alloy  of  the  color  of  steel,  the  density  of  Avhich  is 
beloAV  the  mean:  it  is  very  combustible.  (Gellert.)  Antimony  and 
tin  may  be  fused  together  in  various  proportions:  an  alloy  of  1 atom  of 
each  is  brittle  and  pulverizable:  its  specific  gravity  is  6'803.  (Chaudet.) 
1 part  of  antimony  and  10  of  tin  form  a ductile  compound,  AYhich  a little 
lead  renders  brittle,  A fine  peAvter  is  said  to  consist  of  12  parts  of  tin 
and  1 of  antimony,  Avith  a small  addition  of  copper.  {On  the  quantitative 
separation  of  antimony  and  tin,  see  Levol  and  Elsner,  Cliem.  Gaz., 
March,  1846.)  When  1 part  of  nickel  and  2 of  antimony  are  fused 
together,  they  form  a dark-grey  compound.  (Gehlen.)  Copper  combines 
Avith  antimony  by  fusion,  and  Avhen  the  alloy  contains  equal  Aveights  of 
the  two  metals,  it  is  of  a violet  color.  (Gellert.)  An  alloy  of  1 of  anti- 
mony and  3 of  copper  is  lamellar  and  brittle,  but  takes  a good  polish. 
When  there  is  excess  of  antimony  the  alloy  is  Avhite.  Lead  and  antimony 
form  an  important  alloy:  Avhen  the  metals  are  in  equal  Aveights,  the 
compound  is  brittle : 3 of  lead  and  1 of  antimony  form  a compact  hard 
alloy:  12  of  lead  and  1 of  antimony  give  a very  malleable  alloy,  harder 
than  lead.  Type  metal  is  a compound  of  4 parts  of  lead  and  1 of  anti- 
mony ; its  hardness  is  such  as  to  resist  the  pressure  to  AA'hich  in  the 
printing-press  the  type  is  necessarily  subjected;  it  is  readily  fusible,  and 
takes  a very  sharp  impression  from  the  matrix  or  mould  in  Avhich  the 
letter  or  stereotype  plate  is  cast.  A good  white  metal,  used  for  spoons 
and  tea-pots,  and  sometimes  called  Britaniiia  metal,  is  composed  of  100 
tin,  8 antimony,  2 bismuth,  and  2 copper. 

Characters  of  the  Salts  of  Antimony.  The  salts  of  the  oxide  of 
antimony,  AA'lien  dissolved  in  Avater,  or  in  an  acid,  are  decomposed  by  the 
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immersion  of  a plate  of  zinc,  and  the  metal  is  thrown  down  in  the  form 
of  a black  powder,  which,  wdieii  dried  in  the  air,  and  then  gently  heated, 
is  often  pyrophoric.  Iron,  tin,  lead,  cadmium,  and  cobalt,  act  nearly  as 
zinc,  but  with  copper  the  precipitation  of  metallic  antimony  is  imperfect. 
Sulphuretted  hydrogen  produces  a distinctive  brownish-red  or  dark  orange 
precipitate  in  salts  of  antimony  wdtli  excess  of  acid,  but  if  they  be  neutral, 
their  color  is  only  changed,  and  the  precipitate  does  not  ensue  till  acid  is 
added.  The  alkaline  hydrosulphurets  produce  a similar  precipitate,  which 
is  in.  almost  all  cases  redissolved  by  excess  of  the  precipitant,  especially 
when  aided  by  heat.  Many  of  the  saline  combinations  of  antimony  are 
decomposed  when  largel}^  diluted  with  water,  and  a basic  salt  is  thrown 
down:  this  decomposition  is  generally  prevented  by  the  presence  of  excess 
of  tartaric  acid.  Ammonia  throws  down  the  oxide  of  antimony,  especially 
Avhen  aided  by  heat,  in  the  form  of  a Avhite  flocculent  precipitate,  inso- 
luble in  excess  of  ammonia.  Potassa  also  throws  down  the  oxide,  but  is 
apt,  if  in  slight  excess,  to  combine  Avitli  it  and  form  granular  crystals, 
Avhich  adhere  to  the  sides  of  the  test-glass.  Ferrocyanide  of  potassium 
gives  a Avhite  precipitate,  insoluble  in  hydrochloric  acid,  and  ferridcyanide 
no  precipitate  in  the  salts  of  antimony.  Such  of  these  salts  as  are  inso  - 
luble in  Avater,  are  soluble  in  hydrochloric  acid,  and  the  metal  is  then 
recognised  by  the  same  tests. 

Before  the  blow-pipe,  oxide  of  antimony  is  partly  reduced  in  the 
exterior  flame,  and  spreads  a Avhite  smoke  on  the  charcoal.  In  the  inte- 
rior flame  it  is  readily  reduced.  With  microcosmic  salt  and  Avith  borax 
it  forms  a hyacinth-colored  glass.  Metallic  antimony,  Avhen  ignited  on 
charcoal,  becomes  covered  with  acicular  crystals  of  oxide.  Sulpliuret  of 
antimony  fuses  upon  charcoal,  and  is  absorbed. 


§ XYIII.  BISMUTH.  Bi.  213. 

This  metal  Avas  first  described  by  Agricola,  in  1529.  It  Avas  some- 
times called  Marcasiie.  It  is  found  native^  and  combined  Avith  oxygen, 
and  Avith  arsenic  and  sulphur.  It  is  neither  of  common  occurrence  nor 
A^ery  abundant.  Native  Bismuth  occurs  crystallized  in  octohedra  and 
cubes,  and  generally  contains  arsenic,  and  sometimes  cobalt.  It  has 
been  found  in  Corn  Avail,  and  in  Germany,  France,  and  SAveden. 

Bismuth  is  a brittle  Avhite  metal  Avith  a slight  tint  of  red:  its  specific 
gravity  is  9*822.  (Hatchett,  Fhil.  Trans. ^ 1803.)  9*799,  at  68°,  Avhen 

perfectly  pure.  (Marchand.)  When  its  specific  gravity  exceeds  9*83,  it 
is  probably  impure.  The  specific  heat  of  bismuth  is  0*03084.  It  fuses 
at  476°  (Crichton),  507°  (Rudberg),  and  ahvays  crystallizes  on  cooling. 
According  to  Chaudet,  pure  bismuth  is  someAvhat  flexible.  A cast  bar  of 
the  metal,  of  an  inch  diameter,  supports,  according  to  Muschenbroeck, 
a Aveight  of  forty-eight  pounds.  Bismuth  is  volatile  at  a high  heat,  and 
may  be  distilled  in  close  Amssels.  It  transmits  heat  more  sloAvly  than  most 
other  metals,  perhaps  in  consequence  of  its  texture,  Avhich  is  highly  crys- 
talline. (Fig.  12,  p.  8.)  To  obtain  good  crystals,  the  bismuth  requires  to 
be  purified  by  fusion  AvIth  nitre,  by  Avliich  sulphur  and  arsenic,  usually 
present  in  the  metal  as  it  occurs  in  commerce,  are  separated.  When 
thus  refined  the  metal  is  carefully  melted,  and  poured  into  a heated  mould  ,* 
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siicli  as  a common  ingot,  or  a brass  or  iron  mortar,  Avliere  it  is  suffered 
slowly  and  quietly  to  cool.  When  the  surface  lias  solidiuecl,  the  crust  is 
pierced,  and  tlie  liquid  metal  poured  out  from  the  interior:  the  mould  is 
then  suffered  to  cool,  and  the  superior  crust  carefully  removed,  when  the 
cavity  is  found  lined  with  beautiful  cubical  crystals,  usually  higlilv 
iridescent.  Bismuth  is  placed  by  Faraday  at  the  head  of  the  diamagnetic 
substances.  (See  note,  ]>.  258.)  It  boils  at  a white-heat,  and  sublimes; 
and,  according  to  Regnault,  at  this  high  temperature,  it  decomposes  the 
vapor  of  water;  but  not,  according  to  Berzelius. 

Arsenic,  iron,  copper,  nickel,  silver,  and  other  metals,  are  frequently 
found  in  the  bismuth  of  commerce:  it  arsenic  be  present,  it  is  recognised 
by  the  odor  of  its  vapor  under  the  blow-pipe,  or  by  fusion  with  2 parts 
of  zinc  and  testing  in  IMarslf  s apparatus.  (See  Arsenic.)  To  purify  bis- 
muth it  may  be  dissolved  in  nitric  acid,  and  the  clear  solution  poured  off 
into  vrater,  which  occasions  a copious  precijiitation  of  a nitrate  of  bismutli, 
easily  reducible  by  fusion  with  charcoal  or  black  flux,  in  an  earthen 
crucible, 

Bis31utii  and  Oxygen.  There  are  three  oxides  of  bismuth,  but  oi 
one  which  is  salifiable,  and  of  this  the  atomic  constitution  has  been 
variousljm'epresented : some,  grouping  it  with  the  magnesian  famil}^  of 
oxides,  view  it  as  BiO,  and  assume  71  the  atomic  weight  of  bismuth; 
others  have  regarded  it  as  Bi2  03;  and  others,  upon  the  strength  of  the 
analogies  between  antimony  and  bismuth,  as  Bi03;  in  the  latter  case  the 
equivalent  of  bismuth  becomes  213,  Avhich  I have  adopted.  (213, 
G-melin:  213*3,  Kane:  106*5,  Berzelius:  71'075  OIraham  : Turner. 

.Suboxide  of  Bismuth.  The  existence  of  a distinct  suboxide  of  ]>is- 
muth  is  admitted  by  Berzelius  and  Togel,  but  doubted  by  Proust  and 
Davy.  It  is  said  to  be  formed  by  the  action  of  air  on  bismuth  heated  a 
little  above  its  melting-point,  Avhen  a grey  poAvder  gradually  collects  upon 
it,  and  also  to  be  deposited  upon  the  negative  electrode,  Avhen  a very  feeble 
electric  current  is  transmitted  through  a nitric  solution  of  bismuth. 
According  to  Vogel  it  is  formed  by  digesting  basic  nitrate  of  bismuth  in 
a close  vessel,  Avith  excess  of  protochloride  of  tin:  it  forms  a black  poAA^- 
der,  Avhicb,  Avhen  Avashed  and  dried  in  auicuo,  is  so  inflammable  as  to 
burn  like  tinder  into  oxide,  and  is  soluble  in  hot  hydrochloric  acid:  Ipv 
dilute  nitric  acid  it  is  resolved  into  oxide,  Avhich  is  dissolved,  and  into 
metallic  bismuth,  Avhich  remains  as  a grey  poAvder. 

Oxide  of  Bismuth.  P^k^oxide  of  Bismuth.  Bi03.  Vfhen  bismuth 
is  exposed  to  a AAdiite-heat,  or  Avhen  a current  of  oxygen  is  directed  upon 
the  heated  metal,  it  burns,  and  produces  an  abundant  yelloAV  smoke, 
Avhich  condenses  in  the  form  of  a yelloAvish-Avhite  sublimate.  The  readiest 
mode  of  obtaining  this  oxide  consists  in  dissolving  bismuth  in  nitric  acid, 
precipitating  by  dilution  Avith  Avater,  edulcorating  the  precipitate,  and 
heating  it,  Avlien  dry,  nearly  to  redness.  At  a red-heat  this  oxide  fuses  into 
a broAvn  liquid,  and  Avhen  in  fusion  it  acts  upon  other  oxides  much  in  the 
same  Avay  as  oxide  of  lead;  it  also  acts  upon  earthen  crucibles.  It  forms, 
on  cooling,  a yelloAV  vitreous  mass  of  a specific  gravity  of  8*2.  It  is  easily 
reduced  bv  hydrogen,  charcoal,  and  seyeral  of  the  metals.  It  is  decom- 
posed })y  chiorine,  but  not  by  iodine.  It  combines  Avith  Avater  into  a 
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white  pulverulent  hydi'ctie^  which  is  best  obtained  by  digesting  the  preci- 
pitate  formed  by  pouring  the  nitric  solution  of  bismuth  into  water,  in 
caustic  potassa  or  soda,  and  washing  and  drying  at  80°:  it  is  insoluble  in 
excess  of  the  alkalis  (and  their  carbonates) ; and  when  boiled  with  them 
becomes  yellow  and  anhydrous.  This  oxide  consists  of 


Lagerhielm.  L.  Gmelin,  J.  Davy. 

Bismuth  1 ....  213  ....  89*87  . ..  89*86  ....  89*67  ....  90 

Oxygen 3 ....  24  ....  10*13  ....  10*14  ....  10*33  ....  10 


Oxide  of  bismuth  1 237  100*00  100*00  100*00  100 

Native  Oxide  of  Bismuth  is  a very  rare  mineral;  it  has  been  found  in 
Cornwall  and  Saxony:  it  is  the  Bismuth  Ochre  of  some  mineralogists. 

Peroxide  of  Bismuth.  Bismuthic  Acid.  BiO^.  This  oxide  was 
first  noticed  by  Bucholz  and  Brandes;  it  was  afterwards  examined  by  A. 
Stromeyer.  It  is  formed  when  hydrate  of  potassa  is  fused  in  an  open 
vessel  with  oxide  of  bismuth;  or  by  gently  heating  the  oxide  in  a solution 
of  chloride  of  potassa  or  soda : after  washing  with  water,  any  unchanged 
protoxide  is  dissolved  by  a solution  of  I part  of  pure  nitric  acid  in  9 of 
water.  Arppe,  who  subsequently  examined  it  (Berzelius,  Lehrbuch\ 
obtains  it  by  dropping  nitrate  of  bismuth  into  a solution  of  caustic 
potassa,  boiling  in  the  alkaline  liquor,  washing  the  precipitate,  and,  whilst 
moist,  diffusing  it  through  a solution  of  potassa  into  which  chlorine  is 
passed;  a red  precipitate  is  thus  formed,  which  consists  of  bismuthic  acid 
and  oxide  of  bismuth,  and  which  is  to  be  digested  in  nitric  acid  of 
sufficient  strength  to  dissolve  the  oxide ; the  remaining  acid,  which  is  a 
hydrate,  is  to  be  well  washed  and  dried  at  100°;  it  is  a red  powder, 
becoming  brown  and  anhydrous  when  dried  at  266°;  at  higher  tempe-' 
ratures  it  begins  to  lose  oxygen. 

Bismuthic  acid  is  decomposed  by  sulphuric  acid,  evolving  oxygen,  and 
forming  sulphate  of  bismuth ; dilute  nitric  acid  neither  dissolves  nor 
decomposes  it,  but  the  strong  acid  expels  oxygen  and  forms  nitrate,  espe- 
cially when  heated.  With  hydrochloric  acid  it  yields  chloride  of  bismuth 
and  chlorine.  When  diffused  through  water,  the  hydrated  bismuthic 
acid  is  also  decomposed  by  chlorine,  and  a basic  chloride  is  formed. 
Caustic  potassa  sparingly  dissolves  this  acid,  forming  a red  solution,  from 
which  Avater  throws  down  a portion  of  bismuthate  of  potassa.  Arppe 
describes  several  combinations  of  bismuthic  acid  with  oxide  of  bismuth. 
Bismuthic  acid  consists  of 


Arppe. 

Bismuth  1 ....  213  ....  84*19  ....  84*18 

Oxygen  5 ....  40  ....  15*81  ....  15*82 


Bismuthic  acid 1 253  100*00  100  00 


Chloride  of  Bismuth,  BiCl3,  is  procured  by  gently  heating  the 
metal  in  chlorine;  it  burns,  and  forms  a grey  compound.  This  chloride 
may  also  be  prepared  by  heating  2 parts  of  corrosive  sublimate  Avith  1 of 
poAvdered  bismuth,  and  expelling  the  excess  of  the  former  and  the  mer- 
cury by  heat;  or  by  evaporating  the  solution  of  oxide  of  bismuth  in  hy- 
drochloric acid  to  dryness,  and  heating  the  residue  in  close  vessels.  Chlo- 
ride of  bismuth  Avas  formerly  called  Butter  of  Bismuth.  It  is  of  a grey 
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color,  and  fuses  at  about  480*^.  AVhen  exposed  to  air  it  deliquesces.  It 
is  decomposed  by  a large  quantity  of  water,  and  yields  a white  deposit, 
which  is  an  oxychloride.  It  consists  of 


J.  Davy. 

Bismuth 1 ....  213  ....  ()G’35  ....  GG‘4 

Chlorine 3 ....  108  ....  33*05  ....  33*0 


Chloride  of  bismuth 1 321  100*00  100*0 


Oxychloride  of  Bismuth,  BiCl3,2Bi03,  is  a white  crystalline  pow- 
der, formed  by  the  action  of  water  upon  the  chloride,  or  by  precipitating 
nitrate  of  bismuth  by  chloride  of  sodium:  it  is  soluble  in  hydrochloric 
acid,  and  soluble  without  decomposition  in  nitric  acid.  It  consists  of 

Chloride  of  bismuth 1 ....  321  ....  40*04 

Oxide  of  bismuth 2 ....  474  ....  59*96 

Oxichloride  of  bismuth  1 795  100*00 

When  a solution  of  1 atom  of  chloride  of  bismuth  and  2 of  sal-ammo- 
niac is  evaporated,  it  yields  prismatic  crystals  of  an  ammonio-chloride  of 
hismulh  zi:  2NH4  Cl-b  BiCl3.  (Jacqijelain.) 

Chlorate  of  Bismuth.  The  solution  of  oxide  of  bismuth  in  chloric 
acid  is  decomposed  when  concentrated  in  vacuo;  basic  chloride  of  bismuth 
is  deposited,  and  chlorous  acid  is  disengaged.  (Waechter.) 

Iodide  of  Bismuth,  Bil3,  obtained  by  heating  iodine  with  the 
metal,  is  of  a brown  color,  and  insoluble  in  water.  AYhen  hydriodic 
acid  or  iodide  of  potassium  is  added  to  nitrate  of  bismuth,  a precipitate 
falls,  of  a deep-orange  color,  insoluble  in  water,  but  soluble  in  liquid 
potassa. 

loDATE  OF  Bismuth  is  thrown  down  upon  adding  iodate  of  potassium 
to  nitrate  of  bismuth.  It  is  white,  and  insoluble.  (Pleischl.) 

Bromide  of  Bismuth,  Bi  Br3,  is  a grey  compound,  obtained  by  the 
direct  action  of  bromine  upon  powdered  bismuth.  It  fuses  at  about  400°, 
and  sublimes  at  a low  red-heat.  It  is  decomposed  by  water,  and  oxide  of 
bismuth  is  formed.  (Serullas.) 

Bromate  of  Bismuth.  When  moist  hydrated  oxide  of  bismuth  is 
digested  in  bromic  acid,  a white  basic  salt  remains  undissolved,  not  crys- 
talline, and  becoming  anhydrous  when  dried  at  310°;  it  is  rapidly  decom- 
posed at  high  temperatures.  The  hydrated  salt  is  — 3Bi03,2Br05,6H0. 
(Rammelsberg.) 

Fluoride  of  Bismuth,  BiF3,  is  soluble  in  water,  and  deposited,  on 
evaporation,  in  the  form  of  a white  powder.  (Berzelius.) 

Hydruret  of  Bismuth.  When  bismuth  is  made  the  negative  elec- 
trode in  water,  black  dendritical  crystals  are  deposited  upon  it.  (Ruh- 
LAND,  Schweiggers  Journ..^  xv.  41 7-)  According  to  Meurer,  when  bis- 
muth is  present  during  the  energetic  action  of  zinc  on  water  or  on  hydro- 
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chloric  acid,  a small  portion  of  it  is  carried  off’ in  the  gaseous  form:  hence 
probahly,  the  presence  of  arsenic  has  been  erroneously  suspected  in  sam- 
ples of  oxide  or  suhnitrate  of  bismuth  subjected  to  Marsh’s  test:  but  the 
stain  of  bismuth,  under  such  circumstances,  is  pale  grey,  and  insoluble  in 
chloride  of  soda,  (Chern.  Gaz..  ¥eh.  1844.) 

Nitrate  of  Bismuth.  Bi0.3,3N05,9II0.  When  nitric  acid  is  poured 
upon  powdered  bismuth  the  action  is  intensely  violent,  and  sometimes 
attended  by  ignition.  Nitrate  of  bismuth  is  usually  made  b}"  dissolving 
the  metal  to  saturation  in  2 parts  of  nitric  acid  and  I of  water;  the  action 
is  rapid,  and  nitric  oxide  is  copiously  evolved:  the  solution  affords  deli- 
quescent four-sided,  prismatic  ciwstals,  which  may  be  dissolved  in  a very 
small  quantity  of  water,  but  if  the  solution,  even  Vvdien  acid,  be  poured 
into  a large  quantity  of  water,  it  is  decomposed.  If  characters  be  written 
on  paper  with  nitrate  of  bismuth  they  are  invisible  when  dry,  but  become 
white  and  legible  on  immersion  in  water,  thus  forming  a fvhite  sympa- 
thelic  ink.  The  same  characters  are  rendered  brown  or  black  by  solution 
of  sulphuretted  hydrogen.  It  is  sometimes  stated,  that  this  and  other 
salts  of  bismuth  are  blackened  by  exposure  to  light, , but  when  such  an 
effect  ensues  it  depends  probably  upon  their  containing  a minute  portion 
of  silver.  The  cn/slallized  nikrale  is  a hydrated  salt,  composed  of 


Berzelius.  Dufios. 

Oxide  of  bisimitli 1 ....  237  ....  49-38  ....  48-8  ....  48-3 

Nitric  acid  3 182  ....  33-75  ....  33-7  ....  33-5 

Water  9 ....  81  ....  10-87  ....  17-5  ....  18-2 


Crystals  of  nitrate  of  bismuth  1 480  100-00  100-0  100-0 

When  the  preceding  salt  is  decomposed  by  water,  or  by  alkali  not  in 
excess,  it  affords  a wdiite  and  somewhat  crystalline  precipitate,  commonly 
called  suhnitrate  of  bismuth.,  and  formerly  known  as  Magisterij  of  Bis- 
muth^ Peai'l  fvhite,  and  Blanc  d’ Espagne ; it  is  insoluble  in  water,  and 
Vvdien  dried  in  the  air  is  =:  BiO,N05,HO;  but  becomes  anhydrous  when 
adequately  dried.  By  boiling  in  water,  it  yields,  according  to  Dufios,  a 
soluble  acid  salt,  and  leaves  a more  basic  compound;  and,  according  to 
Freundt,  its  composition  varies  with  the  mode  of  preparation.  {Chem, 
Gaz..,  March,  1844.)  The  following  are  the  results  of  its  analysis  as  given 
by  Gmelin: 

TTerberger.  Dufios.  Grouvelle.  R,  Phillips.  Menigaucl. 

Oxide  of  bismuth  1 ....  237  ....  79  ....  7970  ....  80-00  ....  81-37  ....  81-92  ....  85-33 


Nitric  acid  1 ....  54  ....  18  ....  14-44  13-58  ....  13-97  ....  18-30  ....  14-67 

Water  1 ....  9 ....  3 ....  2-86  ....  0-42  ....  4-00  


1 300  100  100-00  100-00  100-00  10000  100-00 

SuLPiiuRET  OF  Bismuth,  BiS3,  is  of  a bluish  color  and  metallic  lustre; 
it  is  less  fusible  than  bismuth,  and  is  reduced  by  hydrogen  at  a red-heat, 
sulphuretted  hydrogen  being  evolved.  This  sulplmret  may  be  formed  by 
fusion,  and  also  by  precipitating  the  salts  of  bismuth  by  sulphuretted 
hydrogen  or  alkaline  hydrosulphurets,  when  it  forms  a black  or  dark  brown 
precipitate,  (hydrated,)  which,  when  dried  and  heated,  acquires  metallic 
lustre.  It  blends  with  or  is  dissolved  by  the  fused  metal,  in  all  propor- 
tions, but  under  these  circumstances  a crystalline  sulphuret  BiS2  is 
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sometimes  formed,  (’Wertuer,)  thoiigli  frequently  tlie  tersulpliuret  again 
separates  out  of  the  fused  mixture.  It  consists  of 

H.  Rose. 

Lagerliielm.  J.  Davy.  Native. 

Bismuth  1 ....  213  ....  SBC  ....  81-619  ....  81-8  ....  80*98 

Sulplmr  3 ....  48  ....  18-4  ....  18-381  ....  18*2  ....  18*92 

Sulphuret  of  bismuth  1 261  100*0  100*000  100*0  100*00 

Kaiive  Sulphuret  of  Bismuth  has  been  found  in  Cornwall,  Bohemia, 
Saxony,  and  Sweden.  It  occurs  mas.siye  and  acicular,  its  lustre  is 
metallic,  and  its  color  bluish-grey : its  density  is  6*4.  It  is  a very  rare 
mineral. 

Hyposulphite  of  Bismuth  has  not  been  examined. 

Sulphite  of  Bismuth  is  an  insoluble  M’hite  poivder,  which  is  not  taken 
up  by  excess  of  the  acid.  (Fourcroy.) 

Hyposulphate  of  Bismuth  has  not  been  examined. 

Sulphate  of  Bismuth,  Bi03,3S03,  is  obtained  by  heating  po-wdered 
bismuth  in  sulphuric  acid.  It  is  a "white  compound,  insoluble  in,  but 
decomposed  by  water,  "which  converts  it  into  a suhsulphate  and  supersul- 
phcite.  The  sulphate  consists  of 

Lagerhielm.  Thomson. 

Oxide  of  bismuth  ....  1 ....  237  ....  C6*39  ....  66*35  ....  66*67 

Sulplmric  acid 3 ....  120  ....  33*61  ....  33*65  ....  33*33 

Sulphate  of  bismuth  1 357  100*00  100*00  100*00 

The  subsulphate  consists  of 


Berzelius. 

Oxide  of  bismuth  I 237  ....  85*56  ....  85*5 

Sulphuric  acid  1 ....  40  ....  14*44  ....  14*5 


Subsulpliate  of  bismuth  1 277  100*00  100*0 

The  supersulphate  yields  acicular  hydrated  crystals,  and  when  eva- 
porated a very  deliquescent  saline  mass  remains. 

Seleniuret  of  Bismuth.  When  bismuth  and  selenium  are  heated 
together,  they  combine  with  slight  ignition,  and  form  a silver-white  crys- 
talline compound.  (Berzelius.) 

PiiospiiURET  OF  Bismuth  does  not,  according  to  Pelletier,  exist ; at 
least,  it  cannot  be  formed  by  the  usual  process  of  projecting  phosphorus 
upon  the  hot  metal.  When  phosphuretted  hydrogen  gas  is  passed  into 
nitrate  of  bismuth,  a dark-brown  precipitate  ensues,  "which,  heated  in 
close  vessels,  loses  the  "whole  of  its  phosphorus. 

Phosphite  of  Bismuth.  The  solution  of  terchloride  of  phosphorus 
with  excess  of  ammonia,  gives  a "white  precipitate  in  the  solution  of  oxide 
of  bismuth  in  hydrochloric  acid,  which  "when  heated  in  a retort,  evolves 
pure  hydrogen.  (H.  Rose.) 
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Phosphate  op  Bismuth  is  formed,  according  to  Wenzel,  by  digesting 
the  oxide  in  phosphoric  acid ; an  insoluble  subphosphate,  and  a soluble 
and  crystallizable  phosphate,  are  the  results. 

Carbonate  of  Bismuth  is  thrown  down  from  the  nitrate  by  car- 
bonated alkalis ; it  is  a white  powder,  insoluble  in  water  and  in  carbonic 
acid,  and  soluble  in  nitric  acid  with  effervescence ; when  dried  (in  the 
air  ?)  it  consists  of 

Thomson. 

Oxide  of  bismuth 1 ....  237  83’0 

Carbonic  acid  1 ....  22  ....  7’6 

Water  3 ....  27  ....  9-4 

Carbonate  of  bismuth  1 286  100  0 

Cyanide  of  Bismuth  has  not  been  formed.  Ferrocyanide  of  bis- 
7nuih^  formed  by  double  decomposition,  is  a white  or  yellowish  powder, 
soluble  in  nitric  acid,  and  precipitated  again  by  water.  (Ittner.)  The 
ferridcyanide  of  potassium  produces  a brown  precipitate  in  nitrate  of 
bismuth. 

Borate  op  Bismuth  is  a white  powder,  nearly  insoluble  in  watei% 

Alloys  of  Bismuth.  Bismuth  readily  unites  with  potassium : 
Serullas  obtains  this  alloy  by  heating  together  a mixture  of  120  parts  of 
bismuth,  60  of  charred  bitartrate  of  potassa,  and  1 of  nitre ; these  sub- 
stances should  be  well  rubbed  together  and  fused  in  a covered  crucible. 
The  alloy  decomposes  Avater,  and  when  broken  and  exposed  to  air,  fuses, 
and  even  ignites.  We  know  little  of  the  other  alloys  of  bismuth,  except- 
ing those  which  it  forms  with  tin  and  lead,  and  which  are  remarkable  for 
the  low  temperature  at  which  they  enter  into  fusion,  and  for  the  extra- 
ordinary irregularities  of  expansion  and  contraction  which  they  exhibit 
with  changes  of  temperature,  and  which  have  been  examined  by  Ermann. 
An  alloy  of  2 parts  of  bismuth,  1 of  lead,  and  1 of  tin,  fuses  at  200°. 
(Rose.)  The  alloy  of  8 parts  of  bismuth,  5 of  lead,  and  3 of  tin  fuses 
at  a little  below  212°:  the  addition  of  1 part  of  mercury  renders  it  still 
more  fusible,  and  this  compound  is  sometimes  cast  for  amusement  into 
the  form  of  tea-spoons,  which  run  down  when  dipped  into  boiling  water. 
It  may  also  be  employed  for  taking  casts  from  medals,  and  even  from 
the  surface  of  wood  and  embossed  paper : some  beautiful  casts  have  also 
been  made  in  this  metal  of  the  internal  ear,  showing  the  complexities  of 
its  bony  cavities.  When  this  alloy  is  poured  upon  a marble  slab,  and 
broken  as  soon  as  it  is  cool  enough  to  be  handled,  its  surfaces  are  bright 
and  conchoidal,  and  the  whole  extremely  brittle : after  this  it  becomes 
very  hot,  and  loses  its  brittleness,  its  fractured  surface  becoming  granular 
and  dull : it  is  evident  that  this  change  of  temperature  must  arise  from  some 
new  molecular  arrangement  of  the  particles,  after  solidification,  and  is  not 
referable  to  the  evolution  of  latent  heat  arising  out  of  the  solidification 
of  the  interior  after  that  of  the  exterior  crust,  as  Berzelius  has  suggested 
{Traite  de  Chimie.^  From  Warington’s  experiments  on  this  subject,  it 
appears,  that  on  allowing  the  metal  (the  fusing-point  of  which  was  202°) 
to  concrete  in  a small  platinum  crucible  with  an  immersed  thermometer, 
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it  sometimes  fell  to  90°,  and  then  rose  to  150°,  giving  an  evolution  of 
heat  =:  60°.  (Mem.  Cliem.  Soc.,  Jan.  1842.) 

Ermann’s  experiments  above  alluded  to,  were  made  with  Rose’s  fusible 
alloy  (A7m.  Ch.  el  Ph.^  xl.  197)  : the  general  results  have  already  been 
adverted  to  under  the  head  of  “Expansion  by  heat”  (p.  31).  The  fol- 
lowing table  abridged  from  Ermann,  gives  them  more  in  detail ; 


Temperature 

Volume  of  the 

Temperature 

Volume  of  the 

of  the  Alloy. 

Alloy, 

of  the  Alloy. 

Alloy. 

Reaum. 

Fahr. 

Reaum. 

Fahr. 

0°  .... 

32^ 

....  100,000 

60°  .... 

166° 

99,389 

10  .... 

54 

....  100,192 

65  .... 

178 

99,478 

20  .... 

70 

....  100,443 

70  .... 

180 

....  100,000 

30  .... 

90 

....  100,803 

75  .... 

201 

....  100,862  fuses 

35 

111 

100,830  max. 

80  .... 

212 

....  101,792 

40  .... 

122 

....  100,679 

100  .... 

257 

....  102,217 

45  .... 

133 

....  100,120 

120  .... 

302 

....  102,599 

50  .... 

146 

99,480 

130  .... 

324 

....  102,784 

55  .... 

156 

99,291  min. 

140  .... 

346 

....  103,072 

Characters  of  the  Salts  of  Bismuth.  Many  of  them  are  resolved 
by  water  into  a soluble  acid  salt,  and  a less  soluble  or  insoluble  and  more 
basic  compound.  In  the  clear  acid  solutions  of  oxide  of  bismuth,  potassa, 
soda,  and  ammonia,  and  their  carbonates,  produce  white  precipitates, 
insoluble  in  excess  of  the  alkali.  Phosphate  of  soda  occasions  a white 
precipitate  in  these  salts  : tincture  or  infusion  of  galls,  a brown  precipi- 
tate. Hydrosulphuret  of  ammonia  and  sulphuretted  hydrogen  produce 
brown  or  black  precipitates,  easily  reduced  to  metallic  bismuth  when 
mixed  with  soda,  and  fused  in  the  inner  flame  of  the  blow-pipe.  Chloride 
and  nitrate  of  bismuth  are  decomposed  by  the  immersion  of  plates  of  zinc, 
cadmium,  tin,  iron,  and  lead : the  metal  is  commonly  thrown  down  in 
the  form  of  a black  crystalline  powder,  except  by  iron,  which  at  first 
produces  it  with  metallic  lustre.  Before  the  blow-pipe,  oxide  of  bismuth 
melts  readily  into  a brown  glass,  which  becomes  brighter  as  it  cools. 
With  microcosmic  salt  it  forms  a grey-yellow  glass,  which  loses  its  trans- 
parency, and  becomes  pale  when  cool : add  a further  proportion  of  oxide 
and  it  becomes  opaque.  With  borax  it  forms  a grey  glass,  which  decre- 
pitates in  the  interior  flame,  and  the  metal  is  reduced  and  volatilized.  It 
is  readily  reduced  by  itself  on  charcoal. 

§ XIX.  URANIUM.  U.  60. 

This  metal  was  discovered  in  1789,  by  Klaproth,  in  a mineral  termed 
Pechhleiide^  which  is  a very  impure  oxide  of  uranium,  but  from  which 
the  metal  and  its  compounds  are  almost  exclusively  obtained.  In  com- 
bination with  phosphoric  acid  it  exists  in  the  varieties  of  uraiiitic  mica.^ 
found  in  France,  and  in  great  beauty  at  Callington  in  Cornwall.  A 
native  oxide,  and  a sulphate,  also  occasionally  occur,  but  all  these  are 
rare  minerals.  The  protoxide  of  uranium  was  for  a long  time  regarded 
as  the  metal,  till  in  1841,  Peligot  pointed  out  the  error,  and  first  obtained 
pure  uranium. 

The  principal  information  upon  the  subject  of  uranium  and  its  com- 
pounds will  be  found  in  the  memoirs  of  Peligot  (Ann.  Ch.  el  Ph.^  N.S., 
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V.  35);  Ebclmcn  (ibid.,  y.  47  ^^^4  189)  ; AYertlieim  (ibid.,  Mai,  1844); 
and  Berzelius  (Handbuch).  Gmelin  lias  given  an  excellent  summary 
derived  from  tliese  sources,  and  tlie  crystalline  forms  of  several  of  the 
uranic  salts  liave  been  investigated  by  Provostaye.  (Ami.  Ch.  eL  Ph.,  v.) 

Uranium  is  procured  by  the  decomposition  of  its  chloride  by  potas- 
sium, tlie  process  being  similar  to  that  by  which  magnesium  is  obtained 
from  the  chloride  of  magnesium.  The  action  is  very  intense,  and  the 
platinum  crucible  is  generally  acted  on,  so  that  an  iron  vessel  is  some- 
times substituted.  M"^hen  the  action  is  over  and  the  crucible  has  cooled, 
its  contents  are  washed  out  with  cold  water:  the  metal  remains  in  the 
form  of  a black  powder,  not  acted  on  at  common  temperatures  by  air  or 
water,  but  when  it  is  gently  heated,  it  burns  with  much  brilliancy  into 
oxide.  It  is  dissolved  by  dilute  acids  with  the  evolution  of  Inxlrogen. 
Uranium  may  also  be  obtained  by  adding  ecjual  parts  of  sal-ammoniac  and 
common  salt  to  a solution  of  uraniate  of  ammonia  in  hydrochloric  acid, 
evaporating  to  dryness,  and  fusing  the  residue  in  a covered  crucible  : 
when  cold  the  product  is  dissolved  in  cold  water  and  the  uranium  re- 
mains. (WbllLER.) 

Uranium  and  Oxygen.  There  are  5 oxides  of  uranium,  1.  Sub- 
oxide, U4  03.  2.  Protoxide,  UO.  3.  Black  oxide,  U4  05.  4.  Green 

oxide.  Us  04.  5.  Peroxide  (Sesquioxide  or  uranic  acid),  U2  03.  The 

equivalent  of  uranium  is  60.  (60  Gmelin;  61  Peligot;  59*43  Ebel- 

men;  59*71  AYertheim ; 64*2  Berzelius.) 

Suboxide  or  Uranium,  U4  03,  is  precipitated  as  a hydrate  by  adding 
ammonia  to  a solution  of  the  corresponding  subchloride  = JJi  Cl3 : it  is  at 
first  brown,  but  almost  immediately  begins  to  evolve  hjulrogen,  and  pass 
into  a higher  state  of  oxidizement ; and  if  exposed  to  air,  uraniate  of 
ammonia  is  ultimately  formed.  (Peligot.) 

Protoxide  op  Uranium.  UO.  This  was  formerly  regarded  as 
metallic  uranium  : it  is  obtained  by  heating  peroxalate  of  uranium  out  of 
contact  of  air,  or  by  passing  a stream  of  hydrogen  over  it  (or  over  the 
green  oxide)  at  a red-heat.  It  is  grey  or  brown,  sometimes  crystalline, 
and  having  metallic  lustre.  Alkalis  precipitate  it  from  its  solutions  in 
the  form  of  a brown  gelatinous  hydrate,  in  vdiich  state  it  dissolves  in  the 
acids,  forming  green  salts  which,  under  the  influence  of  air  or  oxidizing 
agents,  pass  into  persalts.  By  the  carbonated  alkalis  it  is  thrown  down  as 
a green  hydrated  precipitate,  soluble  in  excess  of  the  carbonate  and  espe- 
cially in  carbonate  of  ammonia.  It  consists  of 

Uranium  1 ....  GO  ....  3S'24 

Oxygen  ] ....  8 ....  11-7G 

Protoxide  of  uranium  1 68  100  *00 

Black  Oxide  of  Uranium,  U4  05,  is  the  result  of  the  exposure  of 
the  green  oxide,  or  of  nitrate  of  uranium,  to  a strong  red-heat : it  should 
])e  cooled  out  of  contact  of  air:  it  does  not  form  definite  salts,  and  is 
regarded  by  Ebelmen  as  a mixture  of  UO,  and  U3  04,  or  of  protoxide  and 
green  oxide.  Its  components  are 
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Uranium 4 

Oxygen  5 


..  240  ....  85-71 
..  40  ....  14-20 


iProtoxide  2 

i Green  oxide  I 


130  ....  48-57 
144  ....  51-43 


Ulack  oxide  of 
uranium 


1 


280  100-00 


280  100-00 


Green  Oxtde  of  Uranium.  {Oxydoxydule?)  Us  04.  This  ivas 
formerly  regarded  as  the  protoxide  : it  is  the  result  of  the  combustion 
both  of  the  metal  and  of  the  protoxide,  and  is  also  obtained  by  subjectiug 
the  peroxide  to  a red-heat.  The  usual  source  of  this  oxide,  and  of  the 
compounds  of  uranium  in  general,  is  yechhlende^  ndiich  in  its  purest  state 
contains  from  GO  to  70  per  cent,  of  green  oxide ; but  it  is  generally  a 
very  complicated  mineral,  and  consequently  the  processes  for  the  separa- 
tion of  pure  oxide  of  uranium  are  delicate  and  tedious ; the  usual  sub- 
stances accompanying  it  are  sulphur,  selenium,  phosphoric  acid,  lime, 
magnesia,  alumina,  silica,  vanadium,  manganese,  arsenic,  bismuth,  anti- 
mony, zinc,  tin,  lead,  iron,  cobalt,  nickel,  copper,  and  silver.  I shall  here 
detail  the  methods  recommended  by  Arfwedson  and  Peligot,  referring  to 
Ebelmen  {Ann.  Ch.  et  Ph..,  N.S.,  v.  189);  Laugier  {Journ.  der  Pharni.^  ix. 
14.5);  ami  Wcvnev  (Jonrn.  der  Prakt.  Che7n.}  for  other  modes  of  opera- 
tion. Arfwedson  dissolves  the  powdered  pecliblende  (I  have  alwaj^s  found 
it  advantageous  previously  to  roast  it  in  coarse  powder  under  a muffle,  as 
long  as  fumes  escape)  in  warm  nitrohydrochloric  acid,  pours  off  the  solu- 
tion, drives  off  excess  of  acid  by  evaporation,  dilutes  with  water,  fflters, 
and  passes  sulphuretted  hydrogen  through  the  filtrate  (so  as  to  precipitate 
arsenic,  lead,  copper,  bismuth,  and  tin),  filters  again,  and  heats  the  liquor 
to  expel  excess  of  sulphuretted  hydrogen,  a little  nitric  acid  being  added 
to  ensure  the  peroxidizement  of  iron ; ho  then  supersaturates  it  with 
considerable  excess  of  carbonate  of  ammonia,  w-hich  throws  doivn  lime 
and  oxide  of  iron,  as  -well  as  most  of  the  oxide  of  zinc  and  of  cobalt,  but 
retains  the  oxide  of  uranium  in  solution,  as  well  as  small  portions  of 
cobalt  and  zinc  : the  ammoniacal  solution  is  then  filtered  and  boiled  as 
long  as  carbonate  of  ammonia  is  given  off,  so  as  to  throw  doAvn  the  oxides 
of  uranium,  cobalt,  and  zinc,  with  the  exception  of  a trace  of  oxide  of 
cobalt,  which  gives  the  liquor  a pink  tint.  The  precipitated  oxides  are 
then  washed,  dried,  and  heated  to  redness  till  they  become  very  dark 
green : lastly,  they  are  digested  in  cold  dilute  hydrochloric  acid  for  several 
hours,  which  abstracts  the  cobalt  and  zinc,  and  leaves  pure  green  oxide  of 
uranium. 

Peligot  proceeds  as  follows : the  selected  pecliblende  is  roasted  and 
digested  in  nitric  acid ; the  solution  thus  obtained  is  filtered,  evaporated 
to  dryness,  and  the  dry  residue  dissolved  in  water,  wdiich  gives  a green 
solution,  leaving  oxide  and  arseniate  of  iron  and  sulphate  of  lead  : the 
green  solution  is  duly  evaporated,  and  gives  crystals  of  nitrate  of  uranium, 
wdiich  are  put  into  a funnel  and  w-ashed  with  a little  cold  water,  dried, 
and  shaken  in  a bottle  w’ith  ether;  the  yellow  etherial  solution  is  left  to 
spontaneous  evaporation,  and  the  remaining  salt  dissolved  in  liot  w-ater 
and  again  crjastallized : these  crystals,  exposed  to  a red-heat,  leave  the 
green  oxide. 

This  oxide  is  of  a deep  dull-green  color,  or  nearly  black  when  in 
lumps  : when  intensely  heated  it  loses  a little  oxygen,  and  by  hydrogen, 
sulphur,  or  carbon,  is  converted  into  protoxide.  When  it  is  precipitated 
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from  its  solutions  by  ammonia,  it  falls  in  the  form  of  a dirty  green  or 
brown  hydrate^  Us  04,3110,  which  digested  in  carbonate  of  ammonia,  is 
resolved  into  peroxide  which  is  dissolved,  and  into  a brown  hydrate  of 
the  protoxide  which  remains  undissolved.  In  the  state  of  recently-preci- 
pitated hydrate  it  is  readily  soluble  in  the  acids,  but  less  so  after  it  has 
been  ignited.  The  solutions  have  the  properties  of  mixed  solutions  of 
protoxide  and  peroxide : thus  alcohol  throws  down  a sulphate  of  the 
protoxide  from  the  solution  of  this  green  oxide  in  sulphuric  acid,  whilst 
a sulphate  of  the  peroxide,  of  a pure  yellow  color,  remains  in  solution. 
The  green  oxide  consists  of 

Oxygen  4 ....  32  ....  15’09j  jPeroxide 1 ....  144  . ..  67‘92 

Green  oxide  of 
uranium 

Peroxide  of  Uranium.  U2O3.  Uranium  and  its  inferior  oxides 
pass  into  peroxide  when  acted  upon  by  nitric  acid,  forming  a yellow 
solution,  from  which  the  alkalis  throw  down  compounds  of  the  peroxide 
with  the  precipitants.  A pure  hydrate  of  the  peroxide  may,  however, 
be  obtained  by  evaporating  the  alcoholic  solution  of  the  pernitrate  till  it 
effervesces  in  consequence  of  the  escape  of  nitrous  ether ; the  yellow 
residue,  washed  first  with  cold  and  then  with  hot  water,  leaves  the 
hydrate^  assuming,  when  dried  at  212°,  the  form  of  a yellow  powders 
U2  03,140,  but  if  dried  in  vacuo  :r::U2  03,2140.  Its  sp.  gr.  is  5*9.  At  a 
high  temperature  (about  570°)  it  becomes  anhydrous,  and  afterwards 
loses  oxygen,  and  leaves  a brown  mixture  of  protoxide  and  green  oxide : 
in  its  anhydrous  state  it  is  red,  and  consists  of 

Uranium  2 ....  120  ....  83-33 

Oxygen  3 ....  24  ....  16*67 

Peroxide  of  uranium  1 144  100-00 

As  most  of  the  salts  of  this  oxide  contain  1 atom  of  it  combined  with 
I atom  of  acid,  Peligot  assumes  U2  O2  as  its  base  (under  the  name  of 
Uranyle^')  and  represents  it  by  U2  02  4-0. 

The  salts  of  the  peroxide  of  uranium  are  best  formed  by  the  action  of 
air  or  nitric  acid  upon  the  salts  of  the  lower  oxides  : they  may  be  obtained 
in  a less  pure  state  by  dissolving  its  compounds  with  the  alkalis 
(uraniates)  in  acids.  They  are  yellow  and  mostly  soluble  in  water,  and 
are  reduced  to  protosalts  by  sulphuretted  hydrogen,  and  by  alcohol  and 
ether  under  the  influence  of  solar  light.  They  are  precipitated  by  am- 
monia, potassa,  and  soda,  and  the  precipitates  (alkaline  uraniates)  are 
insoluble  in  excess  of  alkali ; when  precipitated  by  the  alkaline  carbo- 
nates the  precipitate  does  redissolve,  especially  if  bicarbonates  are  used. 
With  the  alkaline  hydrosulphurets  they  give  dark-brown  or  black  preci- 
pitates; with  oxalic  acid  and  the  oxalates  yellow  precipitates;  and  yellow 
with  the  alkaline  succinates ; brown  with  tincture  of  galls;  and  a cha- 
racteristic reddish-brown  (much  resembling  the  effect  with  copper-salts) 
with  ferrocyanide  of  potassium. 

But  peroxide  of  uranium  also  unites  to  bases,  forming  uraniates: 
those  of  the  alkalis  are  obtained  by  precipitating  the  uranic  salts  with 
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212  100-00 


1 212  100-00 
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them.  The  uraniates  of  baryta,  lime,  magnesia,  «&c,,  are  formed  by 
mixing  their  salts  'with  those  of  the  uranic  oxide,  and  adding  ammonia, 
but  a portion  of  uraniate  of  ammonia  in  these  cases  goes  down  with  them. 

Uraniate  of  Ammonia^  NH4  0,2U2  03,  falls  on  mixing  nitrate  of 
uranium  with  excess  of  ammonia ; it  is  a yellow  hydrated  powder  which 
may  he  dried  at  212°  without  decomposition.  At  higher  temperatures 
it  loses  ammonia,  water,  and  nitrogen,  and  leaves  protoxide  : it  is  inso- 
luble in  excess  of  ammonia  and  in  water  containing  sal-ammoniac ; but 
in  pure  water  it  is  to  a small  extent  soluble.  It  dissolves  in  sesquicarbo- 
nate  of  ammonia,  and  the  solution  affords  yellow  prismatic  crystals  of 
Jujdrated  uranio-carhonate  of  = 2[NH4  0,C02  -j- U2  03,002. 

(Ebelmen)  ; when  these  crystals  are  heated  to  about  570°,  they  are  en- 
tirely decomposed,  and  leave  pure  peroxide  of  uranium : when  rapidly 
heated  in  close  vessels,  protoxide  of  uranium  is  produced,  which  burns 
into  green  oxide  on  admission  of  air.  This  salt  is  very  sparingly  soluble 
in  pure  water,  but  dissolves  readily  in  that  which  contains  carbonate  of 
ammonia : when  this  solution  is  boiled,  it  deposits  a pale  yellow  powder 
which  appears  to  be  a basic  salt. 

Uraniate  of  polassa,  KO,2U2  03,  is  a pale  orange-colored  powder, 
'which  falls  on  adding  excess  of  potassa  to  nitrate  of  uranium  ; when 
heated  it  loses  water  and  acquires  a deeper  hue.  In  its  hydrated  state  it 
readily  dissolves  (in  carbonate,  and  especially)  in  bicarbonate  of  potassa, 
and  the  solution  yields  crystalline  crusts  of  iiranio-carbonate  of  potassa 
=:2[K0,C02]  -I-U2  03,002.  This  salt  is  soluble  in  13*5  parts  of  water 
at  60°,  and  insoluble  in  alcohol.  (Ebelmen.) 

Uraniate  of  soda,  NaO,2U2  03,  resembles  the  potassa  salt,  and  affords 
a similar  uranio-carbonate. 

Uraniate  of  lime  falls  on  adding  ammonia  to  a mixed  solution  of 
nitrate  of  uranium  and  lime,  but  the  pure  salt  has  not  been  examined. 

Uraniate  of  baryta,  Ba0,2U2,03,  is  formed  by  precipitating  nitrate 
of  uranium  by  baryta  water,  and  Avashing  the  precipitate  till  free  from 
excess  of  baryta  : it  is  an  orange-colored  powder. 

Uraniate  of  magnesia,  MgO,2U2  03,  is  obtained  by  heating  to  redness 
the  uranio-acetate  of  magnesia.  (Wertiteim.)  When  ammonia  is  added 
to  a mixed  solution  of  nitrate  of  uranium  and  magnesia,  the  precipitate 
contains  uraniate  of  ammonia. 

Chlorides  of  Uranium.  Protochloride  of  Uranium,  UCl,  is  obtained 
by  passing  dry  chlorine  over  a mixture  of  oxide  of  uranium  with  one- 
fourth  its  weight  of  carbon  heated  to  redness  in  a glass  or  porcelain  tube  : 
red  vapors  of  the  chloride  are  formed,  which  condense  in  the  cooler  part 
of  the  tube  into  dark-green  octohedral  crystals : they  dissolve  rapidly  in 
water,  furnishing  a dark-green  solution,  and  when  exposed  to  air,  evolve 
fumes  of  hydrochloric  acid.  On  evaporating  the  aqueous  solution,  a green 
uncrystallizable  deliquescent  substance  remains,  apparently  differing  from 
the  original  chloride.  When  a stream  of  dry  hydrogen  is  passed  over  pro- 
tochloride of  uranium  heated  nearly  up  to  its  temperature  of  vaporization, 
till  hydrochloric  acid  is  no  longer  evolved,  a dark-brown  siibchloride  ~ 
U4  Cl  is  formed  (4UCl-f  H— U4  C1-1-IIC13.)  It  gives  a purple  solution 
with  water,  which  presently  evolves  hydrogen,  a dark-red  oxide  falls,  and 
a green  solution  of  the  protochloride  remains.  (Peligot.) 
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OxicjlLoiiiDE  OF  Uranium.  ^Vlien  dry  clilorine  is  passed  OA^er  red- 
Jiot  protoxide  of  uranium,  orange-colored  Auipors  are  formed,  udiicli  con- 
dense into  a yellow  crystalline,  fusible,  delicjaescent,  and  not  very  volatile 
substance  =r=2UO,Cl  or  U2  02  Cl : this  is  Pcligot’s  chloride  of  uraiiyle. 
When  heated  Avith  potassium,  it  yields  chloride  of  potassium  and  prot- 
oxide of  uranium.  2U0,C1,  d-K  — 2U0,KCL 

The  protochloride  and  oxichloride  of  uranium  both  combine  Avith 
ammonia,  forming  Nll3,3UCl,  (Rammelsberg,)  and  NIl4  CI-I-U2  O2  Cl 
-l-IIO.  (Peligot.)  Peligot  has  also  described  a compound  of  the  oxi- 
chloride of  uranium  AAntli  chloride  of  potassium  — KC1,U2  O2  Cl : it 
crystallizes  Avitli  2 atoms  of  Avater. 

Chlorate  of  Uranium.  The  green  solution  of  hydrated  protoxide 
of  uranium  in  chloric  acid  evolves  chlorine  and  becomes  yellow,  from 
the  formation  of  hydrochlorate  of  the  peroxide  : its  solution  in  perchloric 
acid  undergoes  similar  changes. 

Iodide  of  Uranium.  Hydrated  protoxide  of  uranium  dissoh^es  in 
hydriodic  acid,  forming  a dark-green  solution,  AAdiich  deposits,  on  sponta- 
neous evaporation,  a black  crystalline  compound  soluble  in  Avater. 

loDATE  OF  Uranium.  lodate  of  soda  produces  a pale-green  preci- 
pitate in  the  hydrochloric  solution  of  jirotoxide  of  uranium  : it  gradually 
passes  into  Avhite  iodate  of  the  peroxide,  AAdiich  is  sparingly  soluble  in 
Avater,  and  AAdiich  falls  AAdien  iodic  acid  or  iodate  of  potassa  is  added  to 
nitrate  of  uranium.  Periodate  of  potassa  gives  a grey-green  precipitate 
Avith  solution  of  protochloride  of  uranium,  AAdiich  becomes  yelloAAdsh-AApite 
by  passing  into  periodate  of  the  peroxide.  (Rammelsberg.) 

Bromides  op  Uranium.  When  the  dark-green  solution  of  hydrated 
protoxide  of  uranium  in  hydrobromic  acid  is  evaporated  over  oil  of  Autriol 
in  vacuo,  it  deposits  dark-<2:reen  crystals,  and  dries  into  a very  deliquescent 
mass  =:  UBr,4H0. 

When  protoxide  of  uranium  is  boiled  Avitli  bromine  and  Avater,  or 
AAdien  peroxide  of  uranium  is  dissolved  in  hydrobromic  acid,  a colorless 
solution  is  formed  Avhicli  becomes  yelloAV  on  evaporation,  and  yields 
yelloAV  deliquescent  prismatic  crystals. 

AFhen  sulphate  of  peroxide  of  uranium  is  decomposed  by  its  equiAm- 
lent  of  bromate  of  baryta,  and  the  yelloAA^  filtrate  evaporated  in  vacuo,  a 
clear  syrupy  liquor  is  obtained,  Avhicli,  heated  in  a Avater-bath,  evolves 
bromine,  and  at  last  concretes:  re-dissolved  and  re- evaporated,  a yellow 
pulverulent  hydrated  bromate  of  uranium  is  ultimately  obtained  = 4U2 
03,3Br  Oo,  1 6II 0 . ( Rammelsberg.  ) 

Fluoride  op  Uranium.  UF.  The  yellow  solution  of  peroxide  of 
uranium  in  hydrofluoric  acid  yields,  on  evaporation,  a Avhite  uncrystal- 
lizable  residue.  This  salt  combines  Avith  the  alkaline  fluorides,  formiug 
soluble  and  crystallizable  compounds.  (Berzelius.) 

Nitrate  of  Uranium.  U2  03,N05,6ri0.  This  is  the  common 
crystallized  nitrate  of  uranium  olitained  by  evaporating  the  nitric  solution 
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of  any  of  the  oxitles : it  forms  yellow  prisms  efflorescing  in  a warm 
atmosphere  or  in  vacuo  into  a terhydrate.  When  heated  it  fuses  in  its 
water  of  crystallization,  becoming  orange-colored,  and  at  a red-heat  leaves 
green  oxide.  It  is  very  soluble  in  water,  alcohol,  and  ether.  When  its 
alcoholic  solution  is  gently  heated  (to  about  100°)  it  effervesces  and 
evolves  nitrous  ether,  depositing  a yellow  powder,  which  is  nearly  pure 
hydrated  peroxide.  Its  ethereal  solution  exposed  to  the  sun’s  rays  de- 
posits green  oxide,  nitrous  ether  and  a green  solution  of  protoxide  being 
at  the  same  time  formed.  (Buciiolz.)  When  crystallized  nitrate  of 
uranium  is  carefully  heated  till  it  becomes  orange-colored,  a yellow  inso- 
luble suhnitraie  sejjarates,  containing  92  per  cent,  of  oxide  : this,  at  a 
red-heat,  passes  first  into  LT3  04,  and  then  into  U2  03.  (Peligot.) 

Uranium  and  Sulphur  combine  wntli  the  evolution  of  heat  and 
light  when  fused  together.  Rose  obtained  a yellowish-black  protosul- 
phuret  by  passing  the  vapor  of  sulphuret  of  carbon  over  the  green  oxide 
heated  to  redness  in  a porcelain  tube.  Sulphurets  of  uranium  also  appear 
to  be  thrown  down  as  black  and  brown  hydrates,  by  adding  alkaline  liy- 
drosulphurets  to  the  solutions  of  the  oxides,  but  the  atomic  constitution 
of  these  precipitates  has  not  been  accurately  determined. 

Sulphites  op  LTranium.  Sulphite  of  soda  gives  a greyish-green 
precipitate  in  the  hydrochloric  solution  of  protoxide  of  uranium,  sulphurous 
acid  being  at  the  same  time  evolved.  The  precipitate  is  soluble  in  acids, 
and  is  nr  2U0,S02,2PI0.  When  the  solution  of  the  ammonio-carbonate 
of  peroxide  of  uranium  in  sulphurous  acid  is  boiled,  or  when  sulphite  of 
ammonia  is  added  to  nitrate  of  uranium,  a yellow  granular  precipitate 
falls  which  is  a sulphite  of  the  peroxide.  (Bertiiier.) 

Sulphates  op  Uranium.  A sulphate  of  protoxide  of  uranium,  UO, 
S03,  is  formed  by  dissolving  the  protoxide  in  hot  sulphuric  acid,  or  b}^ 
adding  sulphuric  acid  to  the  concentrated  aqueous  solution  of  the  pro- 
tochloride : it  forms  green  hydrated  crystals,  Avhich  do  not  become  anhy- 
drous till  so  highly  heated  as  to  begin  to  lose  acid,  and  vdiich  in  a large 
quantity  of  water  are  resolved  into  a green  acid  solution,  and  a deposit 
of  basic  sulphate  =r  2U0,S03,2H0,  Avhen  dried  in  vacuo.  This  salt 
forms  a crystallizable  double  sulphate  wdth  sulphate  of  ammonia,  =: 
NIl4  0,S03,  -bU0,S03. 

Sulphate  of  green  oxide  of  uranium  (protopersulphate)  is  formed  by 
dissolving  the  green  oxide  in  sulphuric  acid,  and  expelling  the  excess  of 
acid  by  heat  in  a platinum  crucible  : it  is  a pale-green  mass  wdiich 
may  be  =:  Us  04,2803,  or  UO, 803, -1-U2  03,803.  When  heated  up  to 
redness  it  evolves  sulphurous  acid,  and  leaves  a pale-yellow  sulphate  of 
the  peroxide : 2 [Us  04,2803]  ==  3 [U2  03,803]  -f  SO2. 

Sulphate  of  pteroxide  of  uranium,  U2  03,803,  is  obtained  by  oxidizing 
the  solution  of  the  green  oxide  in  sulphuric  acid  by  nitric  acid,  or  by 
adding  sulphuric  acid  to  a solution  of  the  nitrate,  evaporating  to  dryness 
so  as  to  expel  excess  of  acid,  dissolving  the  residue  in  ’water,  and  con- 
centrating the  solution  by  evaporation  to  the  consistency  of  syrup  : it  is 
slowly  and  difficultly  crystallizable  in  small  3mllow  prisms  r=:U2  03,803, 
3110  : dried  at  212°,  they  lose  2 atoms  of  water,  and  become  anhydrous 
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at  about  570°,  in  which  state,  if  exposed  to  air,  3 atoms  of  water  are 
again  absorbed  : at  a red-heat  the  acid  and  some  oxygen  are  expelled, 
and  green  oxide  remains.  This  salt  is  very  soluble  in  water,  and  it  dis- 
solves in  25  of  cold  and  20  of  boiling  alcohol.  (Ebelmen.)  A solution 
of  this  sulphate  in  dilute  sulphuric  acid  yields  crystals  of  a bisiil2:)hatey 
and  if  dissolved  in  concentrated  sulphuric  acid  crystals  of  tersulphate  may 
be  obtained.  (Berzelius.) 

Ammonio -PERSULPHATE  OF  Uranium,  NH40,S03;  U2  03,S03  + 2HO, 
crystallizes  out  of  a mixed  solution  of  the  two  sulphates.  (Peligot.) 

PoTAssio-PERSULPHATE  OF  Uranium,  K0,S03;  U2  03,S03 ; -h  2HO, 
forms  small  yellow  crystals  on  evaporating  the  mixed  solution  of  the  com- 
ponent sulphates ; they  become  anhydrous  at  250°,  and  may  be  fused  at 
a red-heat  without  decomposition.  This  salt  is  soluble  in  9 parts  of 
water  at  70°,  and  in  about  5 parts  at  212°;  it  is  insoluble  in  alcohol. 
(Berzelius.) 

Selenite  of  Peroxide  of  Uranium,  when  neutral,  is  a yellow 
powder;  when  dissolved  in  aqueous  selenious  acid,  it  yields  on  evapora- 
tion an  imperfectly  crystalline  residue  of  an  acid  selenite.  (Berzelius.) 

Phosphates  of  Uranium.  When  excess  of  phosphate  of  soda  is 
added  to  the  hydrochloric  solution  of  protoxide  of  uranium,  a gelatinous 
green  precipitate  falls  which  is  soluble  in  concentrated  hydrochloric  acid, 
hut  falls  again  on  dilution:  its  formula  is  2U0,H0,cP05 -f  2HO. 
(Rammelsberg.)  a phosphate  of  the  peroxide  of  uranium  2U2  03, 
P05,10HO,  is  thrown  down  by  phosphoric  acid  from  a solution  of 
peracetate  of  uranium : it  may  also  be  obtained  by  adding  ammonia  to  a 
solution  of  the  peroxide  in  excess  of  phosphoric  acid : it  is  pale  yellow, 
and  scarcely  soluble  in  water,  but  readily  soluble  in  carbonate  of  ammonia. 
(Laugier.  An7i.  Ch.  et  PJi.^  xxiv.  239.) 

The  uranite  of  Autun  is  a hydrated  double  phosphate  of  peroxide  of 
uranium  and  lime  ~ OaO,2U2  03,P05,8H0  : m.  chalkolite^  the  lime  is 
replaced  by  oxide  of  copper.  (Peligot.)  See  also  an  analysis  of  arti- 
ficial uranite  by  Mr.  Cock.  {^Proc.  Chem.  Soc.^  March,  1842.) 

Carbonate  of  Uranium.  When  nitrate  of  uranium  is  precipitated 
by  a carbonated  alkali  the  product  probably  contains  a percarbonate,  but 
it  loses  carbonic  acid  on  drying  : hydrated  peroxide  of  uranium  dis- 
solved in  aqueous  carbonic  acid  is  thrown  down  unchanged  on  heating 
the  solution.  When  ammonio-carhonale  of  ui'anuim  is  gently  heated,  an 
orange- colored  powder  remains,  which  is  a carbonate  of  the  peroxide. 
(Lecanu.)  When  the  precipitate  of  uraniate  of  ammonia  obtained  by 
adding  excess  of  ammonia  to  the  nitrate  of  uranium,  is  dissolved  in  ses- 
quicarbonate  of  ammonia,  the  solution  on  cooling,  or  spontaneous 
evaporation,  affords  yellow  crystals  = 2 [NH4  0,C02]  -f  U2  03,C02. 
(Ebelmen.)  When  these  crystals  are  carefully  heated  they  lose  carbo- 
nate of  ammonia,  and  leave  carbonate  of  uranium ; at  higher  tempera- 
tures red  anhydrous  peroxide  of  uranium  is  the  result.  When  rapidly 
heated  out  of  contact  of  air,  this  salt  leaves  protoxide  of  uranium,  which 
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is  pyroj^lioric,  and  burns  in  the  air  into  green  oxide.  Tlie  crystals  of 
til  is  ammonio -carbonate  are  soluble,  according  to  Ebelmen,  in  20  parts  of 
water  at  6*0°;  but  according  to  Berzelius,  they  are  insoluble  in  pure 
water,  and  only  dissolve  in  water  holding  carbonate  of  ammonia  in 
solution.  When  boiled  with  water  they  evolve  carbonate  of  ammonia, 
and  deposit  an  insoluble  basic  salt. 

There  appears  to  be  no  carbonate  of  protoxide  of  uranium,  for 
although  the  green  precipitate  formed'  by  adding  carbonate  of  ammonia 
to  solutions  of  the  protosalts  of  uranium  is  soluble  in  excess  of  the  car- 
bonate, yet  the  solution,  when  evaporated,  gives  off  carbonic  acid,  and 
deposits  hydrated  oxide.  Carbonate  of  ammonia  throws  down  a pale- 
green  precipitate  from  a solution  of  the  sulphate  of  the  green  oxide, 
which  is  also  soluble  in  excess  of  the  ammoniacal  carbonate,  but  on  ap- 
plying heat,  the  green  oxide  falls  free  from  carbonic  acid. 

Cyanide  op  Uranium.  Cyanide  of  potassium  occasions  a yellow 
precipitate  in  solutions  of  peroxide  of  uranium. 

Ferrocyanide  of  Uranium.  Ferrocyanide  of  potassium  produces 
a very  characteristic  bright  reddish-brown  precipitate,  with  the  yellow 
salts  of  uranium  : it  bears  a close  resemblance  to  the  corresponding  cop- 
per compound. 

Characters  of  the  Salts  of  Uranium.  These  will  be  evident 
from  the  preceding  details : their  peculiar  yellow  color,  and  that  of  the 
precijiitates  by  the  alkalis,  when  they  contain  the  peroxide ; the  green 
tint  of  the  protosalt  becoming  yellow  by  oxidizement,  Avhile  the  yellow 
salts  become  green  by  certain  deoxidizing  agents ; the  rich  reddish-brown 
precipitate  by  ferrocyanide  of  potassium,  and  the  brown  precipitate  by 
infusion  of  galls,  are  very  distinctive  properties. 

Uranium  is  not  precipitated  from  its  solutions  by  sulphuretted  hydro- 
gen, nor  is  it  thrown  down  in  a metallic  state  by  any  of  the  other  metals. 
Before  the  blow-pipe  the  peroxide  of  uranium  becomes  green  or  greenish- 
brown.  With  microcosmic  salt  in  the  interior  flame  it  forms  a clear  yel- 
low glass,  the  color  of  which  becomes  more  intense  when  cold.  If  long 
exposed  to  the  exterior  flame,  and  freq^uently  cooled,  it  gives  a pale  yel- 
lowish-red or  brown  glass,  which  becomes  greenish  as  it  cools.  With 
borax  in  the  interior  flame,  a clear,  colorless,  or  faintly-green  glass  is 
formed,  containing  black  particles  which  appear  to  be  the  metal  in  its 
lowest  state  of  oxidation.  In  the  exterior  flame  this  black  matter  is  dis- 
solved, if  the  quantity  be  not  too  great,  and  the  glass  becomes  bright  yel- 
lowish-green, and  after  further  oxidation  yellowish-brown.  If  brought 
again  into  the  interior  flame,  the  color  gradually  changes  to  green,  and  the 
black  matter  is  again  precipitated,  but  no  further  reduction  takes  place. 

Peroxide  of  uranium  is  used  to  give  a yellow,  and  a greenish-yellow, 
to  glass:  green  oxide  has  been  used  in  the  Berlin  porcelain  manufactory  to 
produce  a black  color.  It  is  probable  that  some  of  the  salts  of  uranium 
might  be  available  in  the  art  of  calico-printing  and  as  sources  of  pigments, 
but  the  scarcity  of  the  metal  at  present  precludes  these  applications. 
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§ XX.  TITANIUM.  Ti.  24. 

Titanium  was  first  recognised  as  a distinct  substance  by  Gregor,  in 
1791 ; he  detected  it  in  a mineral  found  in  the  form  of  a black  sand  in 
the  vale  of  Menachan,  in  Cornwall.  Some  of  its  compounds  were  after- 
wards examined  by  Klaproth,  in  1795,  who  named  it  Titanium^  after  the 
Titans  of  ancient  mythology.  (See  his  Analysis  of  tlie  Red  Schorl  of 
Hungary,  Beitrage^  i.  233.)  For  our  knowledge  of  the  properties  of 
Titanium  in  its  metallic  state  we  are  chiefly  indebted  to  Wollaston,  who 
discovered  it  in  small  cubic  crystals,  having  the  lustre  of  burnished  cop- 
per, in  the  slag  of  the  iron-furnaces  at  Merthyr  Tydvil,  in  South  Wales, 
(Phil.  Tf'ans.^  1823,  p.  17*)  These  crystals,  Avhich  have  been  found  in 
similar  slags  from  other  sources,  are  titanium,  almost  absolutely  j)ure. 
They  h ave  the  following  properties:  they  are  so  hard  as  to  scratch  rock- 
crystal;  sp.  gr.  5*3;  they  are  not  acted  on  by  nitric,  hydrochloric,  or  sul- 
phuric acids,  nor  are  they  soluble  in  nitrohydrochloric  acid.  Before  the 
blow-pipe  they  are  infusible ; they  are,  however,  superficially  oxidized  by 
a continued  heat,  becoming  of  a purple  or  red  color.  Borax  has  no 
action  on  them,  but  only  removes  the  superficial  oxide.  Nitre  oxidizes 
them  on  the  surface.  The  combined  action  of  nitre  and  borax  soon 
effects  their  solution;  but  as  these  salts  do  not  unite  by  fusion,  the  addi- 
tion of  soda  accelerates  their  action.  The  fused  mass  becomes  opaque 
on  cooling,  by  the  deposit  of  a white  oxide,  which  may  either  be  jire- 
viously  freed  of  the  salts  by  boiling  water,  and  then  dissolved  in  hydro- 
chloric acid,  or  the  whole  mass  may  be  at  once  dissolved  together.  In 
either  case  alkalis  precipitate  from  the  solution  a white  oxide,  insoluble 
in  excess  of  alkali,  either  pure  or  carbonated.  By  evaporating  the  hydro- 
chloric solution  to  dryness  at  212°,  it  is  freed  of  redundant  acid,  and  a 
soluble  chloride  remains,  in  a favorable  state  for  exhibiting  the  character- 
istic properties  of  the  metal. 

Titanium  exists  in  the  state  of  nearly  pure  peroxide,  or  as  titanic  acid, 
in  the  minerals  called  rutilite,  anatase,  and  oysanite^  wdiich  occur  in 
Bavaria,  Norway,  Switzerland,  and  in  the  valley  of  Oysans,  in  France. 
Titanite\%  a silicate  of  titanium  and  lime;  it  is  of  a brown  color,  and 
occurs  imbedded  in  the  quartz  and  granite  of  primitive  countries,  and 
sometimes  traverses  rock-crystal  in  fine  hair-like  filaments.  In  this 
country,  it  occurs  at  Beddgelert,  in  Caernarvonshire;  and  near  Killin,  in 
Scotland.  The.  finest  specimens  are  those  from  the  vicinity  of  Mont  Blanc 
and  St.  Gothard. 

Menachanite  consists  principally  of  oxides  of  titanium  and  iron;  it  is 
found  in  small  grains,  somewhat  resembling  coarse  gunpowder,  in  the 
bed  of  a stream  at  Menachan,  in  Cornwall. 

According  to  Laugier  {Ann.  de  Chim.^  Lxxxix.  306),  the  metal  may 
be  obtained  from  titaniie  by  fusion  with  potassa;  the  fused  mass,  washed 
with  water,  leaves  oxide  of  titanium,  containing  a little  iron;  it  is  to  be 
dissolved  in  hydrochloric  acid,  and  precipitated  by  oxalic  acid.  The 
oxalate  affords  the  metal  by  intense  ignition  with  charcoal;  it  is,  how- 
ever, not  possible  to  obtain  it  in  any  state  of  agglutination.  From 
menachanite.^  peroxide  of  titanium  may  be  obtained  by  fusing  it  with 
potassa,  and  adding  hydrochloric  acid  to  the  alkaline  solution,  so  as 
merely  to  neutralize  the  alkali  and  precipitate  the  oxide:  to  separate  a 
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little  adhering  iron,  this  must  he  dissolved  in  excess  of  hydrochloric  acid, 
and  precipitated  by  oxalic  acid  as  before. 

Liebig  prepares  metallic  titanium  by  putting  fragments  of  recently- 
made  ammonio-chloride  of  titanium  into  a glass  tube,  half  an  inch  wide 
and  two  or  three  feet  long,  transmitting  through  it  a current  of  per- 
fectly dry  ammonia,  and,  when  atmospheric  air  is  entirely  displaced, 
applying  heat  until  the  glass  softens:  complete  decomposition  ensues, 
nitrogen  gas  is  disengaged,  hydrochlorate  of  ammonia  sublimes,  and 
metallic  titanium  is  left  in  the  state  of  a dark  blue-colored  powder.  If 
exj^osed  to  the  air  while  warm,  it  is  apt  to  take  fire.  (Turner.) 

The  equivalent  of  titanium  has  not  been  very  satisfactorily  deter- 
mined; deduced  from  the  experiments  of  H.  Hose  it  is  24'29,  and  from 
those  of  Mosander,  23*66.  Gmelin  adopts  the  number  24,  which  is 
about  the  mean  of  these  results.  (24*3,  Graham.  26,  Thomson.) 

Protoxide  of  Titanium.  Ti  0.  Titanium  appears  to  be  susceptible  of 
two  degrees  of  oxidizement.  When  the  peroxide  or  titanic  acid  is  intensely 
heated  with  charcoal,  or  when  it  is  subjected  to  a white-heat  in  a char- 
coal crucible,  it  is  superficially  reduced;  but  the  interior  is  in  the  state  of 
a black  powder,  which  some  have  regarded  as  a protoxide.  When  a plate 
of  zinc  is  immersed  in  a solution  of  chloride  of  titanium,  a purple  powder 
is  obtained,  which  appears  to  contain  the  protoxide:  it  is  also  formed 
when  the  vapor  of  potassium  is  passed  over  heated  titanic  acid:  it  is 
infusible  and  unchanged  by  heat  alone,  but  when  exposed  to  the  joint 
action  of  heat  and  air  it  passes  into  titanic  acid.  It  is  very  sparingly 
soluble  in  hydrochloric  acid,  which  yields  a blue  solution:  boiling  sul- 
phuric acid  dissolves  it  more  copiously,  and  the  solution,  when  saturated, 
is  deep  blue:  it  forms  a double  salt  with  ammonia;  boiled  with  nitric  or 
nitrohydrochloric  acid  it  is  converted  into  titanic  acid.  There  are,  how- 
ever, considerable  doubts  as  to  the  real  nature  of  this  oxide.  Rose  found, 
on  heating  titanic  acid  with  zinc  filings  in  a covered  crucible  till  the  excess 
of  zinc  had  sublimed,  that  a black  powder  remained  after  the  action  of 
hydrochloric  acid  on  the  residue,  which,  however,  became  white  when 
heated  red-hot  with  access  of  air,  but  yet  did  not  increase  in  weight. 

Peroxide  of  Titanium.  Titanic  Acid,  Ti  02,  may  be  obtained  from 
by  fusing  it  in  fine  powder,  in  a platinum  crucible,  ’with  thrice  its 
weight  of  pure  carbonate  of  potassa:  a grey  mass  is  obtained,  which,  after 
having  been  washed  with  water,  is  dissolved  in  hydrochloric  acid,  and  on 
diluting  with  water,  and  boiling  the  solution,  the  greater  part  of  the  titanic 
acid  is  precipitated;  it  is  collected,  and  washed  with  very  dilute  hydro- 
chloric acid.  In  this  state  it  still  is  apt  to  retain  traces  of  iron  and  man- 
ganese, which  may  be  separated  by  digesting  the  moist  precipitate  with 
hydrosulphuret  of  ammonia,  which  forms  sulphurets  with  the  iron  and  man- 
ganese, but  does  not  affect  the  oxide  of  titanium:  dilute  hydrochloric  acid 
removes  the  sulphurets,  and  the  oxide  of  titanium,  after  being  again 
washed,  and  heated  red-hot,  is  pure.  (Rose,  Ann.  Ch.  ei  Ph..^  xxiii.) 

Titaniferons  Oxide  of  Ij'on^  or  Tilaniale  of  Iron.,  being  more  abun- 
dant tban  rutilite,  is  generally  used  as  the  source  of  titanic  acid;  it  is 
pulverized,  washed,  and  exposed  at  a high  red-heat  in  a porcelain  tube 
to  the  action  of  a current  of  dry  sulphuretted  hydrogen,  as  long  as  water 
is  evolved:  the  oxide  of  iron  is  converted  into  sulphuret,  but  the  titanic 
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acid  undergoes  no  change:  the  product,  when  cold,  is  digested  in  hydro- 
chloric acid,  which  leaves  titanic  acid  mixed  with  sulphur,  fiom  which  it 
may  be  freed  by  heat;  but  as  it  still  retains  some  iron,  it  must  he  again 
subjected  to  the  action  of  the  current  of  sulphuretted  hydrogen  in  the 
porcelain  tube;  if  afterwards  treated  by  hydrochloric  acid,  well  washed, 
and  ignited,  it  is  white  and  pure.  (Rose,  Ann.  de  P/?.,  Lxxxviii.,  and 
Ann,  Ch,  et  Ph.^  xxxviii.  131.) 

Titanic  acid  is  white,  very  infusible,  and  very  difficult  of  reduction: 
its  sp.  gr.  is  3*93.  Whenever  it  is  heated  it  assumes  a yellow  color; 
when  recently  precipitated  it  dissolves  in  some  of  the  acids,  but  becomes 
nearly  insoluble  after  it  has  been  ignited.  (See  H.  Rose,  on  the  Modifi- 
cations of  Titanic  Acid.  Poggend.  Lxi.  50.5,  531.  Chem.  Gaz.^  Oct. 
1844.  Ann.  Ch.  et  Ph.^  Oct.  1844.)  When  its  solution  in  hydrochloric 
acid  is  heated  to  the  boiling-point,  a part  of  the  titanic  acid  is  always 
thrown  down;  hut  by  slow  evaporation  to  dryness,  a soluble  chloride 
remains.  It  is  precipitated  by  the  pure  and  carbonated  alkalis;  infusion 
of  galls  and  ferrocyanide  of  potassium  throw  it  down  of  a characteristic 
red  color,  and  the  precipitate  is  soluble  in  excess  of  the  solution  of 
the  ferrocyanide.  When  a rod  of  zinc  is  immersed  in  its  hydrochloric 
solution  a purple  precipitate  (perhaps  of  the  protoxide)  is  obtained. 
Recently  precipitated  titanic  acid  is  with  difficulty  separated  from  water 
upon  a filter,  but  passes  through  in  a milky  state;  the  addition  of  a little 
acid  or  alkali  facilitates  its  separation.  It  seems  doubtful  whether  it 
forms  any  definite  salts  with  the  acids:  but  it  unites  with  bases  to  form 
titaniates.  There  are  many  resemblances  between  this  oxide  and  the 
peroxide  of  tin.  It  consists  of 


H.  Rose. 

Titanium 1 ....  24  ....  60  ....  61 

Oxygen  2 ....  16  ....  40  ....  39 


Titanic  acid  1 40  100  100 


Titaniate  of  Potassa.  The  peroxide  of  titanium  may  be  united  by 
fusion  Avith  several  bases,  forming  a class  of  compounds  which  have 
been  termed  Titaniates.  When  thus  fused  with  potassa  it  yields  a com- 
pound, from  Avhich  water  abstracts  potassa,  and  leaves  a Avhite  poAvder, 
composed  of  18  potassa  -f-  82  peroxide  of  titanium,  and  Avhich  is  soluble 
in  hydrochloric  acid.  (H.  Rose.) 

Bichloride  of  Titanium,  Ti  Cl2,  is  obtained  by  passing  dry  chlorine 
over  metallic  titanium,  heated  to  redness.  (George,  Ann.  Phil.^  ix.  18.) 
It  is  a dense,  transparent,  and  colorless  fluid,  fuming  Avhen  exposed  to 
air.  It  boils  at  a little  below  212°,  and  acts  violently  upon  water,  evolv- 
ing chlorine,  and  furnishing,  when  the  Avater  is  not  in  excess,  a Avhite 
salt,  very  soluble,  and  deliquescent.  The  density  of  its  vapor  is,  accord- 
ing to  Dumas  {Ann.  Ch.  et  Ph..,  xxxiii.  388),  6*836;  and  considering  1 
volume  of  this  vapor  as  composed  of  1 volume  of  titanium  vapor  and  2 
volumes  of  chlorine,  he  deduces  the  equivalent  of  titanium  = 26*4. 
When  this  chloride  is  exposed  to  ammoniacal  gas  it  absorbs  it,  and  be- 
comes solid,  forming  the  compound  from  Avhich  Liebig,  as  above  stated, 
obtained  metallic  titanium.  It  absorbs  phosphuretted  hydrogen,  and 
forms  a dry  broAvn  powder,  which,  Avhen  heated,  yields  a yellow  subli- 
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mate,  in  Avliich  3 atoms  of  the  bichloride  are  combined  with  1 of  phos- 
phuretted  hydrogen.  (Rose.)  It  also  forms  crystallizable  double  salts 
with  the  alkaline  chlorides.  It  consists  of 

II.  Rose. 

Titanium 1 ....  24  ....  25  ....  25-5 

Chlorine  2 ....  72  ....  75  ....  74-5 

Bichloride  of  titanium  1 96  100  100*0 

Bifluoride  op  Titanium.  Ti  F2.  Titanic  acid  readily  dissolves  in 
hydrofluoric  acid.  When  this  solution  is  saturated  with  potassa  and  eva- 
porated, a iitcmqfluoride  of  potassium  is  the  result,  composed,  according 
to  Berzelius,  of  I atom  of  bifluoride  of  titanium  + I atom  of  fluoride  of 
potassium.  Many  other  protoxides  may  be  substituted  for  potassa;  and 
hence  the  class  of  double  salts  which  have  been  termed  iitanojiuorides. 

Bisulpiiuret  of  Titanium,  Ti  S2,  was  obtained  by  Rose,  b}^  passing 
the  vapor  of  sulphuret  of  carbon  over  ignited  titanic  acid.  It  has  a 
dark-green  or  bronze  color,  and  metallic  lustre.  It  burns  with  a bluish 
flame  into  sulphurous  and  titanic  acid ; it  is  readily  attacked  by  nitric  and 
nitro-hydrochloric  acid,  and  when  boiled  in  solution  of  potassa  or  of  soda, 
sulphiirets  and  titaniates  of  the  alkaline  bases  are  formed.  [Quart.  Jour.^ 
xvi.  97.)  It  is  stated  to  consist  of 


Titanium 

1 .... 

....  24  ... 

42*9 

Sulphur  

2 .... 

....  32  ... 

57*1 

Bisulpiiuret  of  titanium 

1 

56 

100*0 

Sulphates  of  Titanium.  A white  basic  salt  is  precipitated  on  adding 
sulphuric  acid  to  the  diluted  solution  of  titanic  in  hydrochloric  acid. 
Sulphuric  acid  dissolves  titanic  acid  even  after  the  latter  has  been  heated. 
When  titanic  acid  is  boiled  in  sulphuric  acid  diluted  with  half  its 
weight  of  water,  till  the  whole  of  the  water  is  expelled,  and  then  further 
heated,  but  not  to  redness,  so  as  to  drive  off  the  excess  of  sulphuric  acid, 
the  residue,  dissolved  in  water,  furnishes  an  acid  sulphate  of  titanium: 
this,  if  largely  diluted  and  heated,  or  if  alcohol  be  added  to  it,  deposits 
the  preceding  basic  sulphate.  (H.  Rose.  Berzelius.) 

PiiosPHURET  OF  Titanium  is  formed,  according  to  Chenevix,  by  heat- 
ing the  phosphate  with  charcoal  and  a little  borax:  it  has  a white  metallic 
lustre,  and  is  brittle. 

Phosphite  of  Titanium  is  a white  precipitate  formed  by  adding  am- 
monio-terchloride  of  phosphorus  to  the  hydrochloric  solution  of  titanic 
acid.  (H.  Rose.) 

Phosphate  of  Titanium  falls  when  phosphoric  acid  is  added  to  solu- 
tion of  peroxide  of  titanium  in  hydrochloric  acid,  in  the  form  of  a bulky 
■white  precipitate,  which  dries  into  a gummy  mass.  (II.  Rose.) 

None  of  the  other  metals  appear  so  to  combine  with  titanium  as  to 
form  true  or  definite  alloys;  but  according  to  Berzelius,  when  it  is  blended 
with  certain  of  them  by  fusion,  it  is  susceptible  of  oxidizement,  and 
consequently  soluble  in  acids  which  otherwise  do  not  act  upon  it. 
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Characters  of  the  Salts  of  Titanium.  Titanium  is  not  tlirown 
flown  in  the  metallic  state  by  any  other  metal.  The  bulky  red  precipi- 
tate which  its  solutions  afford  with  infusion  of  galls,  is  Yery  characteristic; 
the  other  properties  of  its  compounds  Avill  be  evident  from  the  jireceding 
paragraphs.  Before  the  blow-pipe,  oxide  of  titanium  becomes  yellowish 
when  ignited  in  a spoon,  and  upon  charcoal  dark-brown.  AVith  micro- 
cosmic  salt  it  gives  in  the  interior  flame  a fine  violet-colored  glass,  more 
tending  to  blue  than  that  from  manganese.  In  the  exterior  flame  this 
color  disappears.  AYith  borax  it  gives  a dirty  hyacinth  color.  Titanic 
acid  is  sometimes  used  in  enamel  and  porcelain  painting  as  the  source  of 
a yellow  color. 


§ XXI.  CERIUM.  Ce.  46. 

The  oxide  of  this  metal,  which  is  named  after  the  planet  Ceres,  was 
obtained,  in  1803,  by  Hisiuger  and  Berzelius,  from  a mineral  found  at 
Bastnas  in  Sweden,  to  Avhich  they  gave  the  name  of  cerile : it  was  origi- 
nally, in  consequence  of  its  density,  called  heavy  stone  (schwerstein),  and 
was  considered  by  Klaproth  as  containing  a peculiar  earth,  which  he 
termed  ochroit.  Oxide  of  cerium  also  occurs  in  gadoliniie^  in  several 
other  minerals  of  Fahlun;  and  in  orthite^  which  is  not  an  uncommon 
ingredient  of  Scandinavian  granite : it  is  also  contained  in  Allaniie^  a 
mineral  from  Greenland. 

Metallic  cerium  was  first  obtained  by  Yauquelin  (Ann.  cle  Ch.^  iv.) 
and  has  subsequently  been  examined  by  Mosander  and  Beringer.  Mo- 
sander  obtained  it  by  heating  the  dry  chloride  with  potassium;  violent 
action  ensues,  and  a grey  alloy  of  cerium  and  potassium  results,  which 
evolves  hydrogen  when  put  into  water,  and  leaves  the  cerium  in  the  form 
of  a grey  metallic  powder,  which,  Avhen  dried  and  heated,  burns  bril- 
liantly into  an  oxide,  and  is  soluble  in  the  weakest  acids  with  the  evolu- 
tion of  hydrogen.  It  very  slowly  acts  upon  water  at  common  temperatures, 
but  rapidly  at  a boiling  heat,  and  the  hydrogen  thus  evolved  has  a fetid 
odor.  Heated  in  the  air  it  burns  into  peroxide. 

In  consequence  of  Mosander’s  discovery  of  the  uniform  association 
of  a large  proportion  of  another  metallic  body  with  cerium,  which  he  has 
termed  Lantamim  (from  \av6aveiv^  to  lie  concealed)^  and  of  the  usual 
presence  of  a second  substance,  but  in  much  smaller  quantity,  to  which 
he  has  given  the  name  of  Didymiiim  (from  StSv/btoL,  twins')^  much  doubt 
arises  as  to  the  correctness  of  the  descriptions  usually  given  of  the  pro- 
perties of  cerium  and  its  compounds.  Beringer  {Ann.  der  Pharm.^  xiii. 
134)  has  examined  several  of  these  freed  from  lantanum,  but  there  is  so 
much  resemblance  between  the  combinations  of  these  metals  as  to  throw 
great  difficulty  in  the  way  of  an  accurate  account  of  their  oxides  and  salts. 

Protoxide  of  Cerium.  CeO.  Cerite,  ivhicli  is  a silicate  of  oxide 
of  cerium,  is  the  compound  usually  resorted  to  as  a source  of  this  oxide. 
The  mineral  is  calcined,  pulverized,  and  digested  in  hydrochloric  acid: 
the  solution  evaporated  to  dryness  and  redissolved,  leaves  silica;  the  fil- 
trate is  accurately  neutralized  by  ammonia,  the  iron  thrown  down  by 
succinate  of  ammonia,  and  the  filtered  liquor  then  supersaturated  by  am- 
monia which  throws  down  hydrated  protoxide  of  cerium. 
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Berzelius  obtains  this  oxide  as  follows ; Cerite,  calcined  and  pul- 
verized, is  boiled  in  nitrobydrocbloric  acid,  and  the  solution  evaporated 
to  dr  jness.  The  residue,  after  having  been  gently  heated,  is  dissolved  in 
water,  and  the  solution  precipitated  by  benzoate  of  ammonia,  which 
throws  down  the  iron  : the  remaining  solution  is  precipitated  by  caustic 
ammonia,  and  the  precipitate  (Avliich  is  a mixture  of  the  oxides  of  cerium) 
dissolved  in  hydrochloric  acid,  evaporated  to  dryness,  and  heated  to  red- 
ness in  a retort  as  long  as  it  evolves  chlorine.  The  residuary  salt  is 
dissolved  in  water  and  precipitated  by  caustic  potassa.  This  precipitate, 
which  is  hydrated  protoxide  of  cerium^  becomes  yellow  by  exposure  to  air, 
and  cannot  be  obtained  free  from  Avater,  for  all  attempts  to  dry  it  are 
attended  by  its  partial  peroxidizement.  (See  also  Remarhs  on  Cerium 
by  Hermann,  Cliem.  Gaz.^  Jan.,  1844)  Protoxide  of  cerium  consists  of 


Ilisinger. 

Cerium  1 ....  4G  ....  85'18  ....  85'19 

Oxygen  1 ....  8 ....  14‘82  ....  14‘81 


Protoxide  of  cerium  1 54  lOO'OO  lOO'OO 


But  this  oxide  of  cerium  is  blended,  according  to  Mosander,  with 
about  40  per  cent,  of  oxide  of  lantanum,  together  Avith  some  oxide  of 
didymium,  to  separate  Avhich  he  dissolves  in  nitric  acid,  evaporates  to 
dryness,  heats  the  residue  to  redness,  and  digests  it  in  a mixture  of  1 part 
of  nitric  acid  and  from  50  to  100  of  Avater,  AAdiich  dissolves  the  oxide  of 
lantanum  and  leaves  the  oxide  of  cerium  nearly  pure.  According  to 
Scheerer,  it  may  be  perfectly  freed  from  all  traces  of  lantanum  and  didy- 
mium by  solution  in  hydrochloric  acid,  neutralizing  exactly  by  ammonia, 
adding  acetate  of  ammonia,  and  then  precipitating  by  oxalate  of  ammo- 
nia; tlie  resulting  oxalate  of  cerium  collected  upon  a double  filter,  Avashed, 
dried,  ignited,  and  again  treated  by  the  very  dilute  nitric  acid,  yields  pure 
oxide  of  cerium. 

[xiccording  to  Mosander,  the  compounds  of  didymium  are  in  many 
respects  analogous  to  those  of  manganese : the  oxide  is  broAvn ; the  sul- 
phate amethystine  : its  oxide  giA^es  a broAvn  color  to  oxide  of  cerium,  and 
a red  color  to  the  salts  of  yttria.] 

Brotoperoxide  of  Cerium.  Yelloav  Oxide  of  Cerium.  {Ceroxyd- 
oxidul  of  Berzelius)  is  obtained  by  subjecting  the  peroxide  of  cerium  at 
a red-heat  to  the  action  of  hydrogen  gas ; or  by  subjecting  the  oxalate  or 
carbonate  of  the  protoxide  of  cerium  to  a Avhite-heat.  It  is  a lemon- 
yell  oav  poAvder,  soluble  in  hydrochloric  acid  Avith  the  evolution  of  chlorine, 
and  Avhich,  Avhen  heated  in  the  air,  becomes  peroxide.  By  dilute  acids 
it  is  resolved  into  protoxide  and  jieroxide.  When  free  from  lantanum  it 
appears  according  to  Berzelius  to  be  CeO  + 4[Ce2  Os]. 

Peroxide  of  Cerium;  Sesquioxide  op  Cerium.  Ce2  03.  When 
protonitrate  of  cerium  is  decomposed  at  a red-heat,  or  Avhen  protocar- 
bonate of  cerium  is  heated  in  the  air,  this  oxide  is  generally  obtained  in 
the  form  of  a reddish  poAvder : but  Avhen  free  from  oxide  of  didymium  it 
is  Avhite.  It  is  soluble  in  the  acids,  and  when  acted  on  by  hydrochloric 
acid,  it  evolves  chlorine  : these  solutions,  Avhen  decomposed  by  potassa, 
afford  a bulky  precipitate  of  hydrated  per'oxide  oj  cerium;  it  is  pale- 
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yellow  when  moist,  dark-yellow  when  dried.  Ammonia  generally  throws 
down  subsalts  from  these  solutions.  The  moist  hydrate  is  insoluble  in 
the  caustic  alkalis.  This  oxide  consists  of 


ITisinger. 

Cerium  2 ....  92  ....  79‘31 

Oxygen  3 ....  24  ....  20’69 


Peroxide  of  cerium  1 116  100  00 

Chloride  op  Cerium.  CeCl.  When  the  solution  of  the  protoxide 
in  hydrochloric  acid  is  evaporated  to  dryness,  a deliquescent  protochloride 
is  obtained,  which  is  readily  soluble  in  water  and  in  alcohol ; the  latter 
solution  burns  with  a green  sparkling  flame.  The  peroxide  of  cerium 
also  dissolves  in  hydrochloric  acid,  but  when  it  is  gently  heated,  chlorine 
is  evolved,  and  a protochloride  formed.  Chloride  of  cerium  consists  of 


Beringer. 

Cerium  1 ....  46  ....  56*09  ....  56’55 

Chlorine  1 ....  36  ....  42*91  ....  43*45 


Protochloride  of  cerium  1 82  100*00  100*00 

Iodide  of  Cerium.  The  solution  of  oxide  of  cerium  in  hydrochloric 
acid  evolves  iodine  during  evaporation,  and  leaves  oxide  of  cerium  after 
ignition. 

Bromide  op  Cerium,  CeBr,  is  uncrystallizable  and  very  deliquescent ; 
by  heat  it  is  converted  into  an  oxihromide,  (Berthemot,  Ann.  Ch.  et  Ph.^ 
xLiv.  393.) 

Bromate  op  Cerium.  Ce0,Br05,6H0.  When  a hot  saturated  so- 
lution of  protosulphate  of  cerium  is  precipitated  by  its  equivalent  of  bro- 
mate of  baryta,  the  filtrate,  evaporated  in  vacuo  over  oil  of  vitriol,  leaves 
foliated  crystals,  composed  of 

Rammelsberg. 

Protoxide  of  cerium  ....  1 ....  54  ....  23*88  ....  24*08 


Bromic  acid  1 ....  118  ....  52*24 

Water 6 ....  54  ....  23*88 


Bromate  of  cerium 1 226  100*00 

Fluoride  op  Cerium.  CeF,  is  an  insoluble  yellow  powder;  it  has 
been  found  7iative  in  the  mines  of  Fahlun,  in  Sweden;  and  it  exists  in 
the  mineral  called  yttrocerite^  combined  with  the  fluorides  of  yttrium  and 
of  calcium.  100  parts  of  this  mineral  from  Finbo  contain  22  fluoride  of 
cerium,  II  fluoride  of  yttrium,  67  fluoride  of  calcium. 

SuLPHURET  OF  Cerium.  CeS,  may  be  obtained,  according  to  Mos- 
ander,^  by  passing  the  vapor  of  sulphuret  of  carbon  over  red-hot  carbonate 
of  cerium ; or  by  fusing  oxide  of  cerium  with  excess  of  sulphuret  of 
potassium,  and  removing  the  soluble  parts  by  washing  with  water.  It  is 
an  orange-colored  compound,  and  appears  to  consist  of 


^ . Mosander. 

Cerium  1 ....  46  ....  74*19  74 

Sulphur  1 ....  16  ....  25*81  26 


Sulphuret  of  cerium 1 62  100*00 
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Sulphite  of  Cerium.  Carbonate  of  cerium  dissolved  in  acj:iieous 
sulphurous  acid  gave  pale  amethystine  crystals.  (Klaproth.) 

Hyposulphate  of  Cerium,  formed  by  spontaneous  evaporation  of  a 
solution  of  protocarbonate  in  hyposulphuric  acid,  crystallizes  in  delicate 
colorless  prisms  containing  42*79  of  protoxide,  57*21  acid,  per  cent. 
(Heeren.) 

Protosulphate  of  Cerium.  Ce0,S03,  may  be  obtained  by  digesting 
the  protocarbonate  in  dilute  sulphuric  acid : it  yields  small  crystals, 
difficultly  soluble  in  water : they  become  an  anhydrous  white  powder 
when  heated,  composed  of 


Rammelsberg.  Beringer. 

Protoxide  of  cerium I ....  54  ....  57*45  ....  57*30G  ....  57*442 

Sulphuric  acid  1 ....  40  ....  42*55  ....  42-694  ....  42*558 


Protosulphate  of  cerium  1 94  100*00  100*000  100*000 

Otto  has  described  two  hydrated  protosulphates  : they  form  colorless 
crystals  difficultly*  soluble  in  water,  and  are  respectively  2[Ce0,S03]  + 
3HO,  and  Ce0,S03  + 3H0. 

Persulphate  of  Cerium  is  a lemon-yellow  salt,  from  which  a red- 
heat  expels  half  the  acid,  and  converts  it  into  a red  suhper sulphate.  It  is 
obtained  by  digesting  peroxide  of  cerium  in  sulphuric  acid  diluted  with 
4 parts  of  water : it  has  an  acid  and  sweetish  taste.  (Hisinger  and 
Berzelius.) 

Protosulphate  of  Cerium  and  Potass  a.  This  double  salt  is 
obtained  when  solid  sulphate  of  potassa  is  added  to  a solution  of  a proto- 
salt of  cerium  : as  it  dissolves,  a white  powder  falls,  which  is  the  potassa- 
sulphate  of  cerium,  and  in  this  way,  by  using  excess  of  sulphate  of 
potassa,  the  whole  of  the  cerium  is  thrown  down:  the  double  salt,  though 
soluble  in  water,  is  insoluble  in  solution  of  sulphate  of  potassa.  It  is 
deposited  from  its  solution  in  boiling  water  in  small  crystals  of  a pale 
amethyst  color.  At  a red-heat  it  fuses,  but  is  not  decomposed:  the 
alkalis  throw  down  a basic  salt  from  its  solution,  which  can  only  be  per- 
fectly decomposed  by  long  digestion  in  excess  of  alkali.  This  is  the  most 
characteristic  salt  of  cerium,  and  it  serves  to  separate  the  oxide  of  cerium, 
in  analytical  operations.  (Berzelius.)  There  is  also  a persulphate  of 
cerium  and  potassa. 

Protosulphate  of  Cerium  and  Soda,  A saturated  solution  of  sul- 
phate of  soda  added  to  protosulphate  of  cerium  precipitates  this  double 
salt,  and  at  a boiling-heat  the  whole  of  the  oxide  of  cerium  is  thus  sepa- 
rated. A crystal  of  sulphate  of  soda  suspended  in  a solution  of  sulphate 
of  cerium  produces  a similar  precipitation.  (Beringer.)  It  consists  of 


Beringer. 

Soda  1 ....  32  ....  12*32  ....  12*694 

Protoxide  of  cerium 2 ....  108  ....  41*53  ....  41*248 

Sulphuric  acid  3 ....  120  ....  46*15  ....  46*058 


260 


Soda-sulphate  of  cerium  ....  1 


100*00 


100*000 
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PiiospiiURET  OF  Cerium  was  obtained  by  Mosander  by  heating  cerium 
with  pliospliorus;  and,  in  the  form  of  a grey  powder,  by  passing  phospliu- 
retted  hydrogen  gas  over  oxide  of  cerium  at  a white  heat. 

PnoTOPiiospnATE  OF  Cerium  is  an  infusible  white  poM'der,  soluble 
in  hydrochloric  and  nitric  acids,  but  insoluble  in  excess  of  phosphoric 
acid.  It  occurs  native. 

Carburet  of  Cerium  is  obtained,  according  to  Mosander,  by  heating 
the  oxalate  in  a retort : a mixture  of  peroxide  and  of  carburet  remains, 
which  when  digested  in  hydrochloric  acid  leaves  the  pure  carburet  : it 
is  dark-broMui,  heavy,  and  insoluble  in  the  acids : heated  in  the  air  it 
burns  into  peroxide. 

Protocarbonate  of  Cerium.  Ce0,C02,  is  precipitated  by  the  car- 
bonated alkalis,  in  the  form  of  a white  pou  der,  insoluble  in  ’water  and  in 
excess  of  carbonic  acid.  It  is  decomposed  by  a strong  heat,  and  if  ex- 
posed to  air,  peroxide  of  cerium  remains,  but  if  air  be  excluded,  the  proto- 
peroxide ioxyd-oxyduV)  is  formed.  (Hisinger  and  Berzelius.)  It  has 
been  found  native.  When  protoxide  of  cerium  is  exposed  to  air  it  gra- 
dually absorbs  carbonic  acid.  M^hen  the  protosalts  of  cerium  are  decom- 
posed by  carbonate  of  ammonia  the  carbonate  first  falls  as  a flocculent 
white  precipitate,  which,  if  left  in  the  liquid,  gradually  becomes  erystal- 
line;  it  is  insoluble  in  water,  and  in  aqueous  carbonic  acid,  and  consists  of 


Beringer. 

Protoxide  of  cerium 1 ....  54  ....  52‘43  ....  53’3l 

Carbonic  acid  1 ....  22  ....  21*36  ....  21*91 

Water  3 ....  27  ....  26-21  ....  24*78 


Hydrated  protocarbonate  of  cerium  1 103  100*00  100*00 

Percarbonate  of  Cerium.  C203,3C02,  much  resembles  the  proto- 
carbonate in  appearance,  but  it  is  heavier  and  of  a less  pure  white  color, 
and  soluble  in  water  : it  consists  of 


Ilisingei*. 

Peroxide  of  cerium 1 ....  116  ....  63*74  ....  63*83 

Carbonic  acid  3 ....  66  ....  36*26  ....  36*17 


Carbonate  of  peroxide  of  cerium  1 182  100  00  100*00 

Characters  of  the  Salts  of  Cerium.  The  protosaUs  of  cerium, 
when  pure,  are  colorless,  but  from  the  presence  of  a trace  of  cobalt  or 
manganese,  or  probably  of  didymium,  they  often  acquire  a pink  hue  : 
they  are  of  a sweet  and  astringent  taste,  and  bear  much  general  resem- 
blance to  the  salts  of  yttrium.  M^ith  ammonia  and  potassa  they  give 
white  hydrated  oxide  insoluble  in  excess  of  those  alkalis  : the  carbonate 
of  cerium  thrown  down  by  carbonates  of  alkalis,  is  to  a small  extent 
soluble  in  excess  of  the  precipitants.  Phosphate  of  soda  thro-ws  down 
phosphate  of  cerium  soluble  in  nitric  acid;  a strong  solution  of  sulphate 
of  potassa  thro-ws  down  the  double  sulphate  above  mentioned.  Oxalic 
acid  and  the  oxalates  throw  down  oxalate  of  cerium,  only  soluble  in 
excess  of  hydrochloric  and  nitric  acids.  These  salts  are  unaltered  by 
infusion  of  galls  and  by  sulphuretted  hydrogen,  but  are  precipitated  by  the 
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liyclrosulpliuretted  alkalis.  Ferrocyaiiide  of  potassium  occasions  in  tlicm 
a white  precipitate.  The  salts  of  the  peroxide  are  of  a yellow  color,  and 
the  hydrosulphurets  occasion  in  them  a white  precipitate  : they  are  pre- 
cipitated as  above  stated  by  sulphate  of  potassa.  Boiled  with  hydro- 
chloric acid,  chlorine  is  evolved,  and  they  become  protosalts.  None  of 
the  other  metals  precipitate  cerium  in  a metallic  state. 

Before  the  hlow-pipe  the  oxide  of  cerium  becomes  red-browm  when 
ignited.  When  the  proportion  is  small,  it  forms  with  the  fluxes  a clear, 
colorless  glass,  which  by  increasing  the  proportion  of  oxide  becomes  yel- 
lowish-green while  liot.  AYitli  microcosmic  salt,  if  heated  a long  time  in 
the  internal  flame,  it  gives  a clear  colorless  glass.  With  borax  under 
similar  circumstances,  it  gives  a faint  yellow-green  glass  while  warm,  but 
is  colorless  when  cold.  Exposed  again  for  some  time  to  the  external 
flame,  it  becomes  reddish-yellow,  which  color  it  partly  retains  when  cold. 
If  two  transparent  beads,  one  of  the  compound  with  microcosmic  salt,  the 
other  w’ith  borax,  be  fused  together,  the  compound  becomes  opaque  and 
white. 

§ XXII.  LANTANUM.  La.  40. 

It  has  been  stated  in  the  preceding  section  that  the  minerals  contain- 
ing cerium,  contain  also  another  metal,  which,  as  it  had  hitherto  lain  con- 
cealed in  oxide  of  cerium,  wais  called  Laniamim.  To  separate  the  oxides 
of  these  metals  their  mixture  is  dissolved  in  nitric  acid,  evaporated  to 
dryness,  and  the  residue  exposed  to  a red-heat;  it  is  then  digested  in  very 
dilute  nitric  acid  (1  of  acid  to  100  of  Avater),  Avhich  dissolves  the  oxide  of 
lantanum  and  leaves  that  of  cerium;  the  former  may  be  throAvn  doAvn  in 
the  form  of  a carbonate  by  a carbonated  alkali;  Avhen  ignited  it  acquires 
a dirty  red  hue,  and  in  hot  Avater  becomes  a Avhite  hydrate;  it  dissolves 
in  a solution  of  hydrochlorate  of  ammonia  Avith  the  gradual  expulsion  of 
ammonia.  The  salts  of  the  oxide  of  lantanum  are  astringent,  but  not 
SAveet;  their  crystals  generally  have  a reddish  tint,  and  their  solutions, 
Avhen  free  from  cerium,  are  not  precipitated  by  the  addition  of  sulphate 
of  potassa.  According  to  Mosander  the  salts  of  lantanum  are  colorless, 
and  derive  their  red  or  amethystine  tint  from  the  presence  of  didpmiinn. 
(On  the  separation  of  lantanum  and  the  properties  and  comjmsition  of  its 
salts,  see  Hermann.  Chem.  Gas.^  Feb.  1844.  Mosander.  A7in.  C/i.  et 
r/i.,  xi.  469.)  By  acting  upon  dry  chloride  of  lantanum  by  sodium, 
IMosander  obtained  metallic  lantanum  in  the  form  of  a dark  lead-colored 
poAvder,  sloAvly  acted  on  by  air  and  cold  AAuter,  and  forming  a mucilagi- 
nous hydrated  oxide.  The  atomic  Aveight  of  lantanum  has  not  been 
accurately  determined,  but  it  appears  to  be  certainly  beloAv  that  of  cerium, 
llammelsberg  places  it  at  about  44 ; Choubine  and  Otto  at  86.  The  mean 
of  the  fcAv  analyses  of  its  compounds  hitherto  made,  Avould  indicate  its 
equivalent  as  about  — 40. 

§ XXTII.  TELLUBHU^r.  Te.  61. 

In  the  year  1782,  Miiller  von  Reichenstein  shoAA^ed  that  certain  Tran- 
sylvanian gold  ores  contained  a new  and  distinct  metal,  and  his  experi- 
ments AA^ere  A^erified  by  Klaproth  in  1798,  who  named  this  iicav  metal 
Tellurium  (from  telluSy  Ihe  earLh), 
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The  ores  of  tellurium  are,  1.  Native;  in  which  the  metal  is  combined 
■with  iron  and  a little  gold.  2.  Gy'aphic  ore;  which  consists  of  tellurium, 
gold,  and  silver.  3.  Yellow  ore;  a compound  of  tellurium,  gold,  lead,  and 
silver;  and  4.  Black  ore;  consisting  of  the  same  metals  with  copper  and 
sulphur.  5.  Bisinuthic  T ellurium.  These  ores  have  been^  found  in  the 
Transylvanian  mines,  in  Siberia,  and  in  Hungary,  Sulphuret  of  bismuth 
and  tellurium,  (analysed  by  Damour,)  has  been  found  in  Brazil. 

Ch.  et  PL,  Mars,  1845.) 

Klaproth  obtained  tellurium  from  the  auriferous  native  ore,  by  dis- 
solving in  nitrohydrochloric  acid,  diluting  the  solution  with  water,  but 
not  so  as  to  occasion  a precipitate,  supersaturating  with  potassa,  filtering 
(from  gold  and  peroxide  of  iron),  and  neutralising  by  hydrochloric  acid, 
which  throws  down  oxide  of  tellurium;  this  is  washed,  dried,  and 
reduced  in  a retort  by  heating  it  with  about  a tenth  part  of  charcoal ; the 
reduced  tellurium  is  partly  found  at  the  bottom  of  the  retort,  and  a part 
of  it  sublimes.  Berzelius  has  given  several  processes  for  obtaining  the 
metal  from  the  argentiferous  (or  graphic)  ore,  which  usually  contains 
about  35  per  cent,  of  tellurium,  and  from  50  to  60  per  cent,  of  silver, 
the  remainder  being  gold ; and  from  the  bismuthic  ore,  the  average  com- 
position of  which  is  60  cent,  of  bismuth,  36  of  tellurium,  and  4 of 
sulphur  : it  also  often  contains  silver  and  selenium.  He  treats  the  latter 
as  follows : it  is  triturated  and  washed  with  water  to  separate  the  earthy 
from  the  metallic  parts  : the  metallic  powder  is  mixed  with  its  weight  of 
carbonate  of  potassa  or  soda  and  olive  oil,  and  this  paste  is  carefully 
heated  in  a covered  porcelain  crucible,  so  as  to  carbonise  the  oil;  the 
heat  is  then  gradually  raised  to  whiteness,  by  wLich  a brown  porous  mass  is 
produced,  which  is  a mixture  of  carbon  with  an  alloy  of  bismuth,  tellurium, 
and  potassium  ; this  is  Avashed  upon  a filter  with  Avater  Avhich  has  been 
deprived  of  air  by  boiling,  and  all  access  of  air  as  far  as  possible  excluded; 
air  is  then  bloAAm  through  the  red  filtered  liquor,  to  precipitate  the  tellu- 
rium, Avliich  is  washed  and  fused,  and  freed  by  distillation  from  gold, 
iron,  copper,  and  manganese,  which  remain  as  the  residue,  still  retain- 
ing a little  tellurium ; the  distillation  of  the  tellurium  is  much  facili- 
tated by  passing  a current  of  hydrogen  gas  through  the  apparatus.  For 
other  processes  see  Berzelius’  Lehrbiich. 

Tellurium  is  of  a bright  tin  color,  brittle,  fusible  at  a temperature  a 
little  above  melting  lead,  volatile  at  a red-heat,  Avhen  it  forms  a yelloAV 
vapor.  Its  specific  gravity  is  6T  to  6*3.  Its  specific  heat,  as  determined 
by  Regnault,  is  0’05I55.  It  is  easily  crystallizable ; and,  for  a metal  it 
appears  to  be  a bad  conductor  of  heat  and  electricity ; indeed,  it  may  be 
said,  in  some  respects,  to  form  a kind  of  connecting  link  betAveen  sulphur 
or  selenium  and  the  metals,  as  far  as  its  general  habitudes  are  concerned. 
The  equivalent  of  tellurium  may  be  assumed  as  64.  (64  Gmelin.  64*2 

Berzelius.) 

Oxide  of  Tellurium.  No  protoxide  of  tellurium  TeO,  has  as  yet 
been  obtained. 

Binoxide  of  Tellurium.  Tellurous  Acid.  Te02.  Exposed  to  heat 
and  air,  tellurium  burns,  exhaling  a peculiar  odor,  (which  Berzelius 
ascribes  to  selenium,)  and  forming  a Avhite  oxide.  This  oxide  is  also 
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obtained  by  evaporating  the  nitrate  to  dryness,  and  exposing  the  residue 
to  a dull-red  heat.  It  is  also  deposited  in  minute  crystals,  when  a hot 
solution  of  bichloride  of  tellurium  is  mixed  with  boiling  water,  and  the 
whole  allowed  to  cool  slowly.  It  becomes  yellow  when  heated,  and  fuses 
at  a red-heat,  concreting  into  a crystalline  mass  on  cooling  : it  sublimes  at 
a white-heat : it  consists  of 


Berzelius.  Klaproth. 

Tellurium  1 ....  64  ....  80  ....  80T1  ....  83T4 

Oxygen  2 ....  16  ....  20  ....  19'89  ....  1G’8G 


Telhirous  acid  1 80  100  lOO’OO  100*00 


Hydrated  tellurous  acid  is  thrown  down  on  diluting  the  solution  of 
this  oxide  in  nitric  acid,  sp,  gr.  1*25;  or  by  decomposing  tellurite  of 
potassa  by  nitric  acid:  it  forms  a bulky  flocculent  precipitate  of  a metallic 
taste,  reddening  litmus,  and  soluble  in  water;  but  when  this  solution 
is  heated  to  about  110°,  it  becomes  milky,  and  deposits  anhydrous  tel- 
lurous acid  in  the  form  of  a crystalline  precipitate. 

In  its  anhydrous  state  this  oxide  of  tellurium  is  difficultly  soluble,  but 
when  hydrated  it  readily  dissolves  in  most  of  the  acids,  forming  colorless 
solutions  of  a nauseous  metallic  taste,  which  according  to  Kolreuter  are 
powerfully  emetic  : they  afford  metallic  tellurium  when  acted  on  by 
phosphorus,  and  also  by  sulphurous  acid,  and  by  zinc,  iron,  tin,  lead, 
copper,  and  some  other  metals  : most  of  the  solutions  of  this  oxide  in  the 
mineral  acids  are  decomposed  by  copious  dilution  with  water,  provided 
there  be  no  great  excess  of  acid ; with  the  alkalis  and  their  carbonates 
they  give  precipitates  of  hydrated  oxide  soluble  in  excess  of  the  precipi- 
tant, especially  when  aided  by  heat : they  are  precipitated  white  by  phos- 
phate of  soda;  dark-brown  by  sulphuretted  hydrogen  and  alkaline  hydro- 
sulphurets ; and  yellow  by  tincture  of  galls : they  are  not  affected  by 
ferrocyanide  of  potassium,  nor  by  oxalic  acid. 

The  basic  combinations  of  tellurous  acid,  or  tellurites^  are  obtained  by 
dissolving  the  hydrated  acid  in  the  alkalis ; or  by  double  decomposition  ; 
or  by  fusion  : the  alkaline  tellurites  are  soluble  in  water : those  of  baryta, 
lime,  and  strontia  are  difficultly  soluble ; and  most  of  the  other  compounds 
insoluble  in  water:  they  are  nearly  all  readily  soluble  in  hydrochloric  acid. 


Peroxide  of  Tellurium.  Telluric  Acid,  Te  03,  may  be  obtained 
by  passing  chlorine  through  the  solution  of  tellurous  acid  in  excess  of 
potassa  till  it  is  fully  saturated,  and  the  first  precipitate  entirely  redis- 
solved; a little  chloride  of  barium  is  then  added  to  separate  any  accidental 
traces  of  sulphuric  or  of  selenic  acids,  and  the  filtrated  liquor  is  neutralized 
by  ammonia,  and  chloride  of  barium  added,  which  occasions  a precipitate 
of  tellurate  of  baryta;  this,  digested  with  a fourth  of  its  weight  of  sul- 
phuric acid  (diluted  with  water),  yields  a solution,  which,  when  filtered 
and  carefully  evaporated,  affords  crystallized  hydrated  telluric  acid  — 
Te  03,3110,  from  which  adhering  sulphuric  acid  may  be  removed  by 
alcohol.  This  hydrate  loses  its  water  by  heat,  and  the  anhydrous  acid,  of 
a lemon-yellow  color,  remains,  constituted,  according  to  Berzelius,  of 


Berzelius. 

Telhirium  1 ....  64  ....  72‘73  ....  72*77 

Oxygen  3 ....  24  ....  27*27  ....  27*23 


Telluric  acid 


f I « I * « « I I t » I I M f r I I I 


88  100*00  100*00 
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Anhydrous  telluric  acid  is  insoluble  in  water : the  crystallized  acid 
dissolves  slowly  but  abundantly  in  water  at  65°,  and  is  rapidly  soluble  to 
any  extent  in  boiling  water.  Dried  at  320°,  the  crystals  lose  2 atoms  of 
water,  and  become  anhydrous  at  a temperature  a little  below  redness  : 
they  are  insoluble  in  absolute  alcohol. 

The  ielhirates  have  been  almost  exclusively  examined  by  Berzelius : 
those  of  the  alkalis  are  moderately  soluble  in  water ; those  of  the  allcaline 
earths  very  sparingly  soluble ; and  many  of  the  other  tellurates  are  in- 
soluble. The  soluble  tellurates  give  bulky  precipitates  with  chloride  of 
barium,  which  afterwards  become  granular  : they  are  soluble  in  hydro- 
chloric and  nitric  acids. 

Tellurium  and  Chlorine.  When  tellurium  is  gently  heated  in 
chlorine  it  burns,  forming  a dark  liquid,  which  by  the  action  of  excess  of 
chlorine  becomes  yellow,  and  concretes  on  cooling  into  a white  and  ex- 
tremely deliquescent  crystalline  mass  = TeCl2.  If  this  be  heated  with 
pulverised  tellurium,  a dark  purple  protochloride  is  formed  = TeCl,  more 
volatile  than  the  bichloride,  and  giving  a vapor  resembling  that  of 
iodine. 

Tellurium  and  Iodine.  64  parts  of  pulverised  tellurium  gently 
heated  with  rather  more  than  126  of  iodine,  yield  a dark  flocculent  subli- 
mate  of  insoluble  protiodide  of  tellurium  n: Tel.  AVhen  hydrated  tellurous 
acid  is  digested  in  aqueous  hydriodic  acid,  a black  granular  compound  = 
Tel2  is  obtained,  wdiich  when  heated  loses  iodine,  and  becomes  Tel. 
Water  resolves  it  into  a tellurite  of  the  biniodide,  and  hydriodic  acid  : 
3Tel2  + 4II0=Tel2,2Te02  -f  4HI. 

Tellurium  and  Bromine.  When  bromine  is  heated  with  excess  of 
tellurium  a purple  vapor  rises,  which  condenses  in  black  acicular  crystals 
=TeBr.  AVhen  powdered  tellurium  is  added  to  excess  of  bromine  in 
a tube  cooled  by  ice,  a fusible  orange-colored  crystalline  substance  is 
obtained  — TeBr2. 

Tellurium  and  Hydrogen.  When  tellurium  is  negatively  electrized 
in  contact  with  water,  a brown  powder  is  produced,  which  has  been 
described  as  a solid  hydruret^  but  which,  according  to  Magnus,  is  only 
finely-divided  tellurium.  When  an  alloy  of  tellurium  and  tin  is  acted 
on  by  hydrochloric  acid,  tellurelted  hydrogen  gas  is  evolved ; it  reddens 
litmus,  dissolves  in  water,  and  possesses  the  general  habitudes  of  sul- 
jdiuretted  hydrogen.  According  to  Bineau,  {Ann.  Ch.  et  Ph..,  Lxviii.  424,) 
the  sp.  gr.  of  telluretted  hydrogen  gas  is  4*489 ; and  it  probably  consists  of 

Tellurium  1 ....  64  ....  98*46 

Hydrogen  1 ....  1 ....  1*54 

Telluretted  hydrogen  gas 1 65  100*00 

SuLPiiuRETs  or  Tellurium.  There  appear  to  be  two  sulphurets  of 
tellurium,  which,  according  to  Berzelius,  act  as  sulphur  acids ; they  are 
obtained  by  the  decomposition  of  tellurous  and  telluric  acids  by  sul- 
phuretted hydrogen. 
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The  Salts  of  Tj^llukium  are  decomposed  by  tlie  alkalis,  and  tlie  pre- 
cipitate is  redissolved  when  they  are  added  in  excess.  Ilydrosulphuret  of 
anmionia  forms  a brown  precipitate;  ferrocyanide  of  potassium  occasions 
no  change.  Zinc,  lead,  tin,  copper,  cadmium,  or  iron,  immersed  into  the 
solutions,  cause  the  separation  of  metallic  tellurium;  it  generally  appears 
as  a black  powder,  which  acquires  lustre  by  friction. 

The  oxides  (or  acids)  of  tellurium  combine  with  many  of  the  oxides 
of  the  heavy  metals,  and  produce  a class  of  metallic  Iclluntes  and 
tellurales:  as  these  have  hitherto  been  almost  exclusively  examined  by 
Berzelius,  I must  refer  for  details  to  his  papers  in  Poggendortf’s  Journal^ 
and  to  the  abstracts  given  in  his  Lehrhiich^  and  in  Gmelin’s  Handbuch. 
Nearly  all  our  information  respecting  this  singular  and  rare  metal  is 
indeed  derived  from  the  same  indefatigable  authority. 

§ XXIY.  ARSENIC.  As.  75. 

The  distinct  metallic  characters  of  this  substance  were  first  noticed  by 
Brandt,  in  1773;  but  it  was  probably  known  to  Paracelsus,  and  a process 
for  obtaining  it  is  given  by  Schroeder,  in  his  Pharmacopoeia^  published 
ill  1G49.  Its  general  chemical  relations  are  such  as  to  place  it  rather 
among  the  simple  aeidifiable  substances  than  among  the  metals,  for  it 
forms  no  salifiable  base  with  oxygen,  but  constitutes  acids:  it,  however, 
has  the  lustre  and  opacity  of  a metal,  and  conducts  electricity.  It  occurs 
native.,  and  in  the  form  of  native  oxide;  and  there  are  many  native 
arseniates : it  also  occurs  as  a sulphuret ; and  is  frequently  found  in 
combination  with  other  sulphurets,  especially  with  sulphuret  of  iron, 
constituting  arsenical  pyrites  — During  the  roasting  of  the 

arseniferous  sulphurets  of  copper,  iron,  cobalt,  and  nickel,  large  quantities 
of  oxide  of  arsenic  are  formed,  and  from  such  sources  the  commercial 
demands  are  supplied.  Traces  of  arsenic  are  found  in  several  other 
minerals,  and  consequently  in  several  of  their  products,  as  in  sulphur  and 
sulphuric  acid,  in  zinc,  in  sulphuret  of  antimony,  and  occasionally  in 
phosphorus.  Orfila  once  suspected  the  presence  of  arsenic  in  bone, 
and  some  of  the  animal  tissues,  but  afterwards  found  he  was  in  error. 
(^Ann.  Ch.  et  Ph.^  Lxxvii.  159.) 

Arsenic  may  be  obtained  from  the  purified  white  arsenic  of  commerce, 
by  mixing  it  with  its  weight  of  black  jinx.,  and  introducing  the  mixture 
into  a Florence  flask  or  small  retort,  placed  in  a sand-bath,  gradually 
raised  to  a red-heat:  a brilliant  metallic  sublimate  of  pure  arsenic  col- 
lects in  the  upper  part  of  the  flask  or  in  the  neck  of  the  retort.  The 
volatility  of  white  arsenic  prevents  its  easy  reduction  by  charcoal  alone ; 
but  the  potassa  in  the  flux  enables  it  to  acquire  a temperature  sufficient 
for  its  perfect  reduction.  Arsenic  may  also  be  obtained  by  heating  the 
ore  called  native  arsenic  {scherbeyikobalt  of  the  Germans)  in  coarse 
powder  in  a retort ; the  metal  sublimes,  leaving  the  impurities  behind. 

Arseiiic  is  of  a steel-grey  color,  crystalline  texture,  quite  brittle,  and 
of  a specific  gravity  =:5‘7  to  5*9.  Its  specific  heat,  as  ascertained  by 
Regnault,  is  0-08140.  It  volatilizes,  and  in  close  vessels  may  be  sublimed 
at  a temperature  lower  than  its  fusing-point:  this  is  generally  stated  to  be 
about  ,300%  but  according  to  Fischer  it  does  not  rise  in  vapor  belo'v  a 
dull  red-heat,  and  almut  that  required  for  the  fusing  of  zinc : indeed  the 
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attempts  to  fuse  arsenic  seem  not  to  have  succeeded ; and  when  it  has 
been  heated  for  this  purpose  in  sealed  glass  tubes,  the  tension  of  its 
vapor  has  burst  the  tube,  hut  the  metal  has  not  melted.  The  density  of 
arsenic  vapor  is  about  10'37  ^ it  has  a characteristic  alliaceous  odor.  The 
atomic  weight  of  arsenic  is  75.  (75  Gmelin.  75‘34  Graham.  37'67 

Berzelius.  Turner.) 

Native  Arsenic  has  been  found  in  Saxony,  Hanover,  France,  Bohemia, 
and  Cornwall.  It  usually  occurs  in  rounded  masses,  or  nodules,  of  a 
foliated  lamellar  texture,  in  the  veins  of  primitive  rocks,  and  is  often  asso- 
ciated with  silver,  cobalt,  lead,  and  nickel  ores.  Its  color  in  the  fresh 
fracture  is  nearly  tin- white,  hut  it  speedily  tarnishes,  and  becomes  greyish 
black. 

Arsenic  and  Oxygen.  There  are  three  compounds  of  arsenic  and 
oxygen,  namely,  a suboxide,  arsenious  acid,  and  arsenic  acid  : the  first  is 
not  salifiable,  and  the  two  latter  can  scarcely  be  said  to  form  definite 
salts  with  any  of  the  stronger  acids,  but  they  both  unite  with  bases  form- 
ing arsenites  and  arseniates. 

Protoxide  of  Arsenic.  Suboxide  of  Arsenic.  AsO.  When  me- 
tallic arsenic  is  exposed  to  damp  air,  it  gradually  crumbles  into  a grey 
jiowder,  which  appears  to  contain  between  9 and  10  'per  cent,  of  oxygen. 
Some  samples  of  arsenic  undergo  this  change  more  rapidly  than  others, 
which  has  been  ascribed  to  the  presence  of  potassium,  the  metal  having 
been  reduced  by  a flux  containing  potassa.  When  heated  out  of  contact 
of  air,  this  oxide  is  resolved  into  arsenious  acid,  which  sublimes,  leaving 
metallic  arsenic. 

Arsenious  Acid.  White  Arsenic.  White  Oxide  of  Arsenic. 
AsOs.  This  is  the  best  known,  and  most  commonly  occurring  com- 
pound of  arsenic.  It  is  formed  by  the  combustion  of  the  metal ; but  it  is 
generally  obtained  by  the  joint  action  of  heat  and  air  on  certain  arseni- 
ferous  ores.  It  is  abundantly  prepared  at  Joachimsthal  in  Bohemia, 
from  arsenical  pyrites  and  arsenical  cohalt,  which  are  roasted  in  reverbe- 
ratory furnaces,  and  the  vapors  condensed  in  a long  flue,  or  series  of 
chambers,  the  contents  of  wdiich,  submitted  to  a second  sublimation, 
afford  the  7vhite  arsenic  of  commerce. 

Arsenious  acid  generally  occurs  in  white  translucent  vitreous  masses, 
often  of  a slight  huff  tint,  and  occasionally  transparent,  especially  when 
first  removed  from  the  subliming  vessel : on  breaking  the  more  opaque 
pieces,  a transparent  glassy  nucleus  is  often  found  within  them.  When 
slowly  sublimed  in  a current  of  air,  as  in  a tube  open  at  both  ends,  the 
vapor  condenses  in  regular  octohedral  crystals;  hut  if  rapidly  sublimed,  it 
forms  a white  powder,  which,  however,  under  the  microscope,  is  evidently 
crystalline.  The  massive  arsenious  acid  of  commerce  is  generally  pure, 
hut  when  purchased  in  powder,  it  is  sometimes  adulterated.  To  obtain 
it  perfectly  pure,  the  vitreous  acid  of  commerce  should  he  finely  powdered 
and  digested  for  some  hours  in  aqueous  solution  of  ammonia  at  160°  or 
170°,  frequently  shaking  the  vessel:  the  clear  warm  solution  is  then  poured 
off,  and  on  cooling  it  deposits  octohedral  crystals  of  the  acid,  pure  and 
free  from  ammonia.  (Berzelius.)  Wohler  has  observed  that  the  acid 
occasionally  crystallizes  in  hexahedral  plates  derived  from  a rhombic 
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prism,  (An?i.  Ch.  et  Ph,^  lI.  201,)  so  that  it  appears  to  l)e  dimorphous,  and 
this  dimorphism  seems  connected  with  the  peculiarities  of  the  opaque 
and  vitreous  state  of  the  fused  acid.  The  temperature  at  wliich  arsenious 
acid  rises  in  vapor  is  below  that  at  which  it  fuses,  and  appears  to  be 
about  425°.  The  density  of  its  vapor  is  13*85,  (Mitscherlich,)  and  it  is 
inodorous.  When  heated  under  pressure,  or  when  suddenly  and  highly, 
heated,  it  fuses,  and  concretes  on  cooling  into  a transparent  glass. 
Arsenious  acid  is  sometimes  described  as  insipid,  and  some  have  repre- 
sented it  as  acrid  and  acid.  When  the  tongue  is  applied  to  the  vitreous 
acid,  it  at  first  seems  nearly  tasteless,  afterwards  slightly  acid,  sweet,  and 
astringent. 

The  specific  gravity  of  the  opaque  white  arsenious  acid  is  about  3*6, 
(3*529,  Taylor;  3 69,  Guibourt):  that  of  the  transparent  vitreous  and 
fused  acid  is  about  3*7  (3*698,  Dumas;  3*70,  Karsten ; 3*738,  Gui- 
bourt ; 3*708,  Taylor.)  The  transition  of  the  vitreous  into  the  opaque, 
or  of  the  amorphous  into  the  crystalline  acid,  is  accelerated  by  elevation 
of  temperature,  and  is  independent  of  the  presence  of  air  or  moisture  ; 
according  to  Christison,  it  may  be  jireserved  in  its  vitreous  state  under 
water  and  in  alcohol.  The  solubility  of  arsenious  acid  in  water  has  been 
variously  stated,  and  appears  in  some  measure  dependent  upon  its 
isomeric  modifications.  Guibourt  found  that  100  parts  of  water  at  60° 
dissolved  0*96  of  the  vitreous,  and  1*25  of  the  opaque  acid;  and  that  at 
212°,  9*68  of  the  former  and  11*47  of  the  latter  w^ere  dissolved ; and  that 
when  these  solutions  had  cooled  down  to  60°,  1*78  of  the  yitreous  and 
2*9  of  the  opaque  were  retained.  The  solution  of  the  vitreous  acid  red- 
dened litmus,  but  that  of  the  opaque  acid  not  only  did  not  redden  litmus, 
but  exhibited  a slight  alkaline  reaction.  When  ammonia  is  poured  upon 
the  powder  of  the  vitreous  acid,  a slight  degree  of  heat  is  evolved,  and  it 
at  the  same  time  acquires  the  properties  of  the  opaque  modification. 

hen  a concentrated  solution  of  the  vitreous  acid  in  boiling  hydrochloric 
acid  is  suffered  to  cool,  the  crystals  which  it  deposits  have  the  properties 
of  the  opaque  acid,  and  this  transition  from  the  one  modification  to  the 
other  is  attended  by  the  evolution  of  light  (p.  122);  but  if  the  milky  acid 
be  used,  or  if  the  deposited  crystals  be  re-dissolved,  the  crystals  which 
are  then  deposited  from  the  hydrochloric  solution  are  formed  without 
any  luminous  appearance.  (H.  Rose.)  Arsenious  acid  consists  of 

Mitscherlich.  Berzelius.  Davy. 

Arsenic 1 7o  ....  75*76  ....  75*73  ....  75’782  ....  75 

Oxygen 3 ....  24  ....  24'24  ....  24’27  ....  24'218  ....  25 

Arsenious  acid  1 99  100*00  100*00  100*000  100 


Arsenious  acid  is  decomposed  at  a dull  red-heat  by  hydrogen,  and  by 
carbon  and  many  of  the  metals.  The  aqueous  solution  of  arsenious 
acid  is  rendered  yellow  by  aqueous  sulphuretted  hydrogen,  and  w’hen  the 
solution  is  acidulated  liy  "hydrochloric  acid,  a yellow  precipitate  of  tersul- 
phuret  of  arsenic  falls;  AsOs, -[-3HS r=:  As  S3 4- 3410  : the  yellow  tint  is 
observed  when  a 10,()00th  of  arsenious  acid  is  present,  and  the  yellow 
precipitate  is  visible  in  an  acidulated  solution  of  1 part  of  arsenious  acid 
in  80,000  of  water.  (Lassaigne.)  Excess  of  lime  water  occasions  a 
white  precipitate  in  water  containing  about  onc-oOOth  of  arsenious  acid. 
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Ammoniacal  solution  of  oxide  of  copper  gives  an  apple-green  precipitate 
in  solution  of  arsenious  acid,  tlius  indicating  about  a 12,000tli  part  of  the 
acid.  When  a slip  of  bright  copper  leaf  is  boiled  in  an  aqueous  solution 
of  arsenious  acid  acidulated  by  hydrochloric  acid,  a grey  film  of  arsenic 
is  deposited  upon  the  copper : this  test  will  indicate  the  presence  of  less 
than  a 100,000th  part  of  arsenious  acid.  (Reinsch.)  With  nitrate  of 
silver  the  arsenious  acid  gives  a yellow  precipitate. 

Traces  of  arsenious  acid  are  not  unfrequent  in  various  chemical  and 
pharmaceutical  preparations : it  has  been  detected  in  sulphuric,  hydro- 
chloric, and  phosphoric  acids,  in  phosphate  of  soda,  and  in  emetic  tartar, 
Berzelius  observes  that  he  has  never  found  a sample  of  the  latter  salt 
which  did  not  exhale  a very  perceptible  arsenical  odor  >vhen  heated  by 
the  blow'-pipe. 

This  acid  is  used  in  many’  of  the  arts,  especially  in  color-making, 
dyeing  and  calico-printing,  and  in  the  manufacture  of  stearine  candles; 
is  also  used  in  medicine,  and  in  a variety’’  of  preparations  for  the  destruc- 
tion of  vermin  : it  is  virulently  poisonous,  producing  a set  of  peculiar 
symptoms,  ultimately  followed  by  inflammation  and  gangrene  of  the  sto- 
mach and  intestines  : it  also  proves  fatal  when  applied  to  a wound;  and 
as  the  local  injury  is  not  sufficient  to  cause  death,  it  is  probable  that  an 
induced  affection  of  the  nervous  system  and  of  the  heart  is  the  imme- 
diate cause  of  the  mischief.  (Brodie’s  Ohservalions  and  Eocjyeriments  on 
the  Action  of  Poisons^  Phil.  Trans..,  1812,  p.  209.)  To  get  rid  of  the 
poison  by  j^roducing  copious  vomiting  and  purging,  and  to  pursue  the 
■usual  means  for  subduing  and  preventing  inflammation,  are  the  principal 
points  of  treatment  to  be  adopted  in  cases  where  this  substance  has  been 
taken.  (Orfila,  Traitc  des  Poisons.,  i.  123.  Christison,  07i  Poisons. 
Taylor,  Med.  Jindsp.)  Several  antidotes  have  been  proposed  in  such 
cases,  but  none  have  proved  efficient:  the  moist  and  recently-precipitated 
hyxlrated  peroxide  of  iron,  and  a saturated  solution  of  it,  in  acetic  Eicid, 
are  said  in  some  cases  to  have  subdued  the  most  alarming  symptoms. 

Combinations  of  Arsenious  Acid  with  Bases.  Arsenites,  These 
salts,  when  heated,  either  evolve  arsenious  acid  or  metallic  arsenic : in 
the  latter  case  they  are  converted  into  arseniates;  thus,  5[K0,As03] 
r=:3[K0,As05]  -1-2 As:  heated  with  cliEircoal  metallic  arsenic  sublimes. 
The  alkaline  arsenites,  when  in  solution,  are  decomposed  by’’  lime  and  the 
salts  of  lime,  and  a white  precipitate  of  arsenite  of  lime  falls : they  are 
precipitated  green  by  solutions  of  copper,  and  yellow  by  nitrate  of  silver. 
They  are  not  precqDitated  by  sulphuretted  hy^drogen,  except  excess  of  a 
stronger  acid  be  present : in  this  way  the  hydrochloric  solutions  of  those 
arsenites  which  are  insoluble  in  water  may  also  be  decomposed.  When 
metallic  arsenic  is  heated  with  hydrate  of  potassa,  hydrogen  gas  is 
evolved,  and  arsenuret  of  potassium  and  arsenite  of  potassa  are  formed; 
the  potassa,  therefore,  and  the  water,  are  both  decomposed  ; if  the  heat 
be  raised  to  redness,  the  arsenious  acid  is  resolved  into  metallic  arsenic 
and  arsenic  acid:  with  hy^drate  of  soda  the  phenomena  are  similar; 
with  hydrate  of  lime  and  baryta  no  arsenic  acid  is  produced.  (Soubeiran 
Ann.  Ch.  et  PJi..,  xLiii.) 

The  arsenites  of  ammonia.,  potassa^  and  soda.,  are  easily  soluble  and 
uncrystallizablc  : they  are  formed  by’  dissolving  the  acid  in  the  alkaline 
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solutions.  Berzelius  lias  shown  that  the  supjiosetl  crystals  of  arsenite  of 
ammonia  deposited  by  the  solution  of  arsenioiis  acid  in  ammonia,  are 
quite  destitute  of  ammonia,  and  consist  only  of  arsenious  acid.  When 
arsenious  acid  is  dissolved  in  the  alkaline  carbonates,  it  is  deposited  un- 
altered by  evaporating  the  solution,  so  that  it  is  doubtful  whether  this 
acid  expels  carbonic  acid,  in  the  humid  way.  The  nrsenites  of  lirne^ 
hnryta^  and  magnesia^  are  difficultly  soluble  in  water,  hut  readily 

soluble  in  hydrochloric  acid  : there  are  two  arsenites  of  lime,  one  basic 
rr:2Ca0,As03  ; the  other  neutral,  Ca0,As0.3.  (Simon,  Poggend.^  xl. 
417.)  is  the  active  ingredient  in  the  lixpior  arseni- 

calis  of  the  Pharmacopoeia^  and  in  FoivlePs  mineral  solution  or  tasleless 
ague-drop.  It  produces  a white  precipitate  in  the  protosalts  of  manga- 
nese, a dingy-green  precipitate  in  the  solutions  of  iron,  a white  precipi- 
tate in  solutions  of  zinc  and  tin.  Mixed  Avith  a solution  of  sulnhate  of 
copper,  a precipitate  of  an  apple-green  color  falls  {Scheele  s green\  used  as 
a pigment : it  is  prepared  by  dissolving  2 parts  of  sulphate  of  copper  in  44 
of  hot  AA’ater,  and  gradually  adding  it  to  a solution  of  2 parts  of  carbo- 
nate of  potassa  and  1 of  arsenious  acid  in  44  of  hot  Avater,  the  Avhole 
being  Avell  stirred  during  mixture;  the  arsenite  of  copper,  in  the  form  of 
a fine  green  poAvder,  is  gradually  deposited,  and  is  to  be  AA^ashed  and 
dried  at  212°.  A similar  preparation,  knoAvn  under  the  name  of 
Schweinfurlh  green.,  is  made  as  follows:  50  lbs.  of  sulphate  of  copper 
and  10  of  lime  are  dissolved  in  20  gallons  of  vinegar,  and  a boiling-hot 
solution  of  50  lbs.  of  arsenious  acid  quickly  stirred  into  it ; the  preci- 
pitate is  dried  and  reduced  to  a fine  poAvder.  In  the  solutions  of  lead, 
antimony,  and  bismuth,  arsenite  of  potassa  forms  Avhite  precipitates  : 
added  to  nitrate  of  cobalt,  it  forms  a pink'precipitate  ; and  bright  yelloAA^, 
Avith  nitrate  of  uranium.  With  nitrate  of  silver  it  forms  a Avhite  preci- 
pitate, soon  becoming  yelloAV,  and  very  soluble  in  ammonia.  All  these 
precipitates  are  probably  arsenites  of  the  respective  metals,  and,  heated 
by  a bloAv-pipe  on  charcoal,  they  exhale  the  smell  of  arsenic.  They  are 
decomposed  Avhen  boiled  in  solution  of  carbonate  of  potassa  or  of  soda  : 
they  are  mostly  soluble  in  excess  of  arsenious  acid,  and  easily  soluble  in 
nitric  acid,  and  in  such  other  acids  as  form  soluble  compounds  Avith  their 


bases. 

Native  Arsenite  of  Lead  is  found  in  France,  in 


Spain,  and  in  Siberia. 


Arsenic  Acid,  AsOo,  aa^s  discovered  by  Scheele  ; it  is  obtained  by 
distilling  a mixture  of  I part  of  hydrochloric  and  12  of  nitric  acid  off  4 
parts  of  arsenious  acid ; nitric  oxide  gas  is  given  off,  and  Avhen  the  con- 
tents of  the  retort  have  acquired  the  consistence  of  thin  syrup,  they  are 
poured  into  a porcelain  dish,  and  evaporated  by  a moderate  heat : sud- 
denly, the  arsenic  acid  (Avhich  is  anhydrous)  concretes  into  an  opaque 
Avhite  mass,  Avhich  should  be  put,  Avhilst  Avarm,  into  a Avell-stopped  phial. 
The  hydrochloric  acid  is  only  useful  in  promoting  the  solution  of  the 
Avhite  arsenic,  Avhich  otherwise  adheres  to  the  retort,  and  occasions 
irregular  ebullition.  Arsenic  acid  may  also  be  procured  b}'  distilling 
nitric  acid  off  pOAvdered  metallic  arsenic. 

Arsenic  acid  is  deliquescent,  and  uncrystallizable : it  fuses  at  a heat 
approaching  to  redness,  and  concretes  on  cooling  into  a vitreous  mass;  at 
a higher  temperature  it  is  decomposed,  oxygen  is  eA'oh'ed,  and  arsenious 
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acid  sublimes.  Its  specific  gravity  is  about  3’7-  It  requires  for  solution 
6 parts  of  cold  and  2 of  boiling  water ; its  solution  reddens  vegetable 
blues,  tastes  acid  and  metallic,  and  is  a virulent  poison.  When  water  is 
poured  upon  the  solid  acid,  part  only  is  immediately  dissolved,  and 
another  portion,  as  is  the  case  with  phosphoric  acid,  remains  undissolved, 
but  after  a time,  upon  agitating  the  solution,  the  whole  is  taken  up.  If 
the  dry  acid  be  exposed  to  air,  so  as  gradually  to  deliquesce,  it  sometimes 
forms  crystals  which  are  extremely  soluble,  and  are  probably  hydrated 
acid.  Arsenic  acid  gives  a white  precipitate  with  lime-water,  and  a 
peculiar  reddish-brown  with  nitrate  of  silver;  it  gradually  yields  a 
yellow  deposit  of  a sulphuret  of  arsenic  when  its  solution  is  subjected  to 
the  continuous  action  of  a current  of  sulphuretted  hydrogen  gas ; its 
precipitate  with  ammoniacal  oxide  of  copper  is  pale  greenish-blue.  It 
consists  of 

Proust.  Mitscherlich.  Berzelius.  Thenard. 

Arsenic 1 ....  75  ....  65*22  ....  65  ....  65*04  ....  65*283  ....  65*4 

Oxygen 5 ....  40  ....  34*78  ....  35  ....  34*96  ....  34*717  ....  34*6 

Arsenic  acid  1 115  100*0  100  100*00  100*000  100*0 

Arseniates  are  produced  by  the  union  of  this  acid  with  the  metallic 
oxides;  and  many  which  are  insoluble  maybe  formed  by  adding arseniate 
of  potassa  to  their  respective  solutions.  The  normal  arseniates  are  con- 
stituted like  the  phosphates,  of  I atom  of  acid  with  3 of  base,  and  there 
are  also  salts  with  2 and  I of  basic  oxide,  in  which  the  deficient  base  is 
replaced  by  I and  2 atoms  of  water;  but  there  appear  to  be  no  modi- 
fications corresponding  to  the  pyrophosphates  and  metaphosphates. 
(Graham.)  The  arseniates  which  are  insoluble  in  water  are  soluble  in 
dilute  nitric  acid,  and  in  such  other  acids  as  do  not  form  insoluble  com- 
pounds with  their  bases,  and  ammonia  precipitates  them  from  these 
solutions.  They  are  readily  decomposed  by  charcoal  at  a red-heat;  but 
many  of  them,  when  heated  alone,  are  unchanged  even  at  a higher  tem- 
perature. They  are  decomposed  when  boiled  in  solutions  of  the  fixed 
alktiline  carbonates.  The  soluble  arseniates  generally  give  a white  preci- 
pitate with  lime  water  : they  are  not  immediately  precipitated  by  solution 
of  sulphuretted  hydrogen  : protosulphate  of  iron  gives  a white  precipitate 
(or  yellowish  if  arsenious  acid  be  at  the  same  time  present.)  With  solutions 
of  lead  and  of  zinc  they  give  white  precipitates;  yellow  with  the  persalts 
of  uranium  and  mercury;  red  with  the  solutions  of  salts  of  cobalt;  green 
with  those  of  nickel;  pale  greenish-blue  with  those  of  copper;  and  reddish- 
brown  with  those  of  silver.  These  precipitates  are  mostly  soluble  in  hy- 
drochloric acid,  and  in  solutions  of  ammoniacal  salts.  Arseniate  of  potassa 
gives  a yellow  precipitate  with  persulphate  of  uranium  when  the  solution 
is  so  diluted  as  to  contain  only  a 10,000th  part  of  arsenic  acid,  and  with 
protosulphate  of  iron  a white  cloud  is  perceptible  under  the  same  state 
of  dilution.  All  the  arseniates,  when  dissolved  in  water  or  in  dilute 
nitric  acid,  give  a white  precipitate  with  acetate  of  lead,  which  fuses  and 
emits  arsenical  fumes  when  heated  on  charcoal  before  the  blow-pipe. 

Arseniates  of  Ammonia.  When  ammonia  is  added  to  a concentrated 
solution  of  arsenic  acid  till  a precipitate  ensues,  and  this  is  re-dissolved 
by  heat,  the  liquor  gradually  forms  prismatic  efflorescent  crystals  resem- 
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bling  the  corresponding  phosphate  of  ammonia : they  are  bibasic,  and 
! maybe  represented  asni2NH4  0,H0,As05.  When  ammonia  is  added 
to  a concentrated  solution  of  this  salt,  a difficultly-soluble  compound  is 
formed  = 3ISIH4  0,As05  : exposed  to  the  air,  it  reverts  by  loss  of  am- 
monia to  the  bibasic  salt.  When  ammonia  is  supersaturated  with  arsenic 
acid  and  the  solution  evaporated,  large  crystals  are  obtained,  exactly 
resembling  those  of  the  corresponding  phosphate,  NH4  0,2H0,As05: 
they  are  very  soluble  and  deliquescent.  (Mitscherlich.) 

Arseniates  of  Potassa.  The  tribasic  arseniate,  3K0,As05,  is  de- 
posited in  small  deliquescent  acicular  crystals,  on  evaporating  a solution 
of  arsenic  acid  supersaturated  by  potassa.  (Graham.)  The  same  salt 
is  produced  by  fusing  the  bibasic  arseniate  with  carbonate  of  potassa, 
when  1 atom  of  carbonic  acid  is  expelled.  (Mitscherlich.)  When 
carbonate  of  potassa  is  added  to  aqueous  arsenic  acid,  as  long  as  effer- 
vescence ensues,  an  alkaline  salt  is  obtained  on  evaporation,  which  be- 
comes vitreous  when  heated,  and  is  =:2K0,As05:  it  is  not  crystallizable. 
The  salt  commonly  called  hinarseniate  of  potassa  — K0,As05,  may  either 
be  formed  by  adding  excess  of  arsenic  acid  to  solution  of  potassa,  and 
evaporating ; or  by  heating  to  redness,  in  a Florence  flask,  a mixture  of 
equal  parts  of  nitre  and  white  arsenic  ; during  the  latter  operation  much 
nitrous  gas  is  evolved,  and  on  dissolving  the  residue  in  water,  filtering, 
and  evaporating,  prismatic  crystals  are  obtained,  resembling  those  of  the 
corresponding  phosphates  of  ammonia  and  potassa : they  are  soluble  in 
5 '3  parts  of  water  at  40°,  and  insoluble  in  alcohol : their  formula  is  KO, 
2H0,As05.  Macquer  was  the  first  who  procured  this  salt:  hence 
termed  Macquer  s arsenical  salt.  It  is  not  easily  decomposed  by  heat 
alone,  and  may  be  fused  and  kept  red-hot  without  undergoing  other 
change  than  losing  a little  acid ; but  when  mixed  with  about  an  eighth 
of  charcoal-powder  and  distilled,  metallic  arsenic  rises,  and  carbonate  of 
potassa,  mixed  with  part  of  the  charcoal,  remains  in  the  body  of  the 
retort.  This  salt,  as  well  as  the  arsenite,  is  used  for  the  cure  of  agues. 
It  is  a delicate  test  of  the  presence  of  silver,  in  solutions  of  which  it 
occasions  a red-brown  precipitate : it  is  also  sometimes  used  to  separate 
iron  from  manganese  ; it  produces  in  the  persalts  of  iron  a white  preci- 
pitate, whilst  the  arseniate  of  manganese  remains  in  solution. 

Arseniates  of  Soda.  When  an  equivalent  of  arsenic  acid  is  ignited 
with  excess  of  carbonate  of  soda,  3 atoms  of  carbonic  acid  are  expelled, 
and  a tribasic  arseniate  of  soda  formed,  which  crystallizes  from  its 
solution  with  24  atoms  of  water,  forming  the  salt  3Na0,As03  24HO, 

isomorphous  with  the  corresponding  phosphate  of  soda.  The  same  salt  is 
obtained  by  treating  arsenic  acid  in  solution  with  an  excess  of  caustic 
soda.  (Graham.)  When  the  bibasic  arseniate  is  fused  with  excess  of 
carbonate  of  soda,  1 atom  of  carbonic  acid  is  expelled,  and  the  tribasic 
salt  formed.  This  salt  forms  rhombic  prisms,  alkaline,  soluble  in  3-57 
of  water  at  60°,  and  losing,  when  heated  in  a platinum  crucible,  about 
50  per  cent,  of  water : the  residue  is  fusible  at  a white-heat,  and  acts 
like  soda  upon  glass. 

When  carbonate  of  soda  is  added  to  a hot  solution  of  arsenic  acid,  so 
long  as  there  is  effervescence,  a salt  is  obtained  by  evaporation  correspond- 
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ing  Avith  the  common  phosphate  of  soda,  and  containing  2 atoms  of  soda 
and  1 of  water,  as  bases  : this  salt  affects  the  same  two  multiples,  in  its 
water  of  crystallization,  as  phosphate  of  soda,  namely,  24HO,  and  14HO; 
hut  most  frequently  assumes  the  smaller  proportion,  forming  the  salt, 
2Na0,H0,As05  + 1 4110.  This  arseniate  is  more  soluble  than  the  phos- 
phate, and  slightly  deliquescent  in  damp  air.  (Graham.) 

When  to  the  last  salt  a quantity  of  arsenic  acid  is  added,  equal  to  what 
it  already  contains,  and  the  solution  is  highly  concentrated,  the  salt  usually 
called  hinarseniate  of  soda  crystallizes  at  a Ioav  temperature  : this  salt 
contains  1 atom  of  soda  and  2 atoms  of  water  as  bases,  Avith  2 atoms  of 
AAnter  of  crystallization,  and  corresponds  Avith  the  so-called  biphosphate 
of  soda:  its  formula  is  Na0,2H0,As05  + 2110.  These  arseniates  of  the 
alkalis,  aaTIcIi  contain  AA'ater  as  base,  all  lose  that  element  ,at  a red-heat, 
but,  unlike  the  phosphates,  they  recoA^er  it  Avhen  again  dissolved  in  AAnter. 
Arsenic  acid,  therefore,  forms  only  one,  and  that  a tribasic  class  of  salts. 
(Graham.) 

Arseniates  of  Lime.  AVhen  bibasic  arseniate  of  soda  is  added  to 
solution  of  chloride  of  calcium,  the  supernatant  liquor  becomes  sour,  and 
3Ca0,As05  is  precipitated.  (Mitscherlicu.)  The  same  salt  falls  on 
adding  tribasic  arseniate  of  soda  to  chloride  of  calcium.  (Graham.) 

When  arsenic  acid,  in  slight  excess,  is  added  to  lime  water,  a Avhite 
poAvder  falls,  insoluble  in  Avater  but  soluble  in  dilute  nitric  and  hydro- 
chloric acids,  and  in  acetate  of  ammonia,  which  is,  after  it  has  been 
exposed  to  a red-heat,  2Ca0,As05.  This  compound,  in  a hydrated  state, 
is  found  native,  constituting  the  minerals  called  Pharmacolite  and  Hai~ 
dingerite:  the  former  is  2Ca0,H0,As05 -f  5110  (according  to  Klaproth’s 
analysis),  and  the  latter  2Ca0,H0,As05  + 2110.  (Turner.) 

The  preceding  arseniates  of  lime,  Avhen  dissolved  in  excess  of  arsenic 
acid,  afford  small  cr^^stals  on  evaporating  the  solution,  Avhich  are  pro- 
bably Ca0,2H0,As05. 

Arseniates  of  Baryta.  When  baryta  Avater  is  added  in  excess  to 
arsenic  acid,  or  AAdien  tribasic  phosphate  of  soda  is  dropped  into  excess  of 
chloride  of  barium,  and  the  precipitate  quickly  Avashed,  a Avhite  powder 
falls  Avhich  is  almost  insoluble  in  Avater,  but  readily  soluble  in  hydro- 
chloric and  nitric  acid  : its  formula,  after  exposure  to  heat,  is  3BaO,As 
Os.  It  contains  about  68  j)er  cent,  of  baryta  and  32  of  arsenic  acid. 
(Graham.) 

When  bibasic  arseniate  of  soda  is  added  to  excess  of  chloride  of 
barium,  a crystalline  deposit  soon  ensues,  Avhich  Avhen  heated  to  redness 
is  2Ba0,As05.  Digested  in  water  it  is  resolved  into  the  preceding  inso- 
luble tribasic  salt,  and  a monobasic  arseniate  remains  in  solution,  Avhich, 
after  having  been  ignited,  is  Ba0,As05. 

Arseniates  of  Strontia.  When  solutions  of  nitrate  of  strontia  and 
bibasic  arseniate  of  soda  are  mixed,  a Avhite  insoluble  poAvder  falls : if  the 
solutions  be  dilute  a crystalline  deposit  is  gradually  formed  =r:  2SrO, 
As05.  According  to  Thomson,  the  crystals  include  8 atoms  of  water. 
This  salt  is  readily  soluble  in  aqueous  arsenic  acid. 

Arseniates  of  Magn1':sia.  When  sulphate  of  magnesia  is  precipi- 
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tated  by  bibaslc  arseniate  of  soda,  a 'svliite  powder  falls,  insoluble  in 
water  but  soluble  in  nitric  acid.  When  this  salt  is  thrown  down  from  a 
mixed  solution  of  3 parts  of  sulphate  of  magnesia  and  5 of  bibasic  arse- 
niate  of  soda,  it  contains  15  atoms  of  water,  12  of  which  are  expelled  at 
212°,  so  that  its  formula  is  2Mg0,H0,As05  + 2HO  + 12HO.  (Graham.) 
Wh  en  solution  of  tribasic  arseniate  of  ammonia  is  added  to  solution  of 
sulphate  of  magnesia,  a difficultly  soluble  crystalline  precipitate  falls 
which  is  an  ammonio- arseniate  o/ — NHi  0,2Mg0,As05 + 
12IIO.  (Wacii.) 

Arseniates  of  Manganese.  When  excess  of  protocarbonate  of 
manganese  is  digested  in  solution  of  arsenic  acid,  a white  crystalline 
powder  is  obtained  2MnO,IIO,AsOo  ? The  same  salt  may  be  formed 
by  double  decomposition.  When  a solution  of  protochloride  of  manga- 
nese with  ammonia  is  added  to  a solution  of  arsenic  acid,  a flocculent 
jn-ecipitate  of  arseniate  of  manganese  first  falls,  'which  afterwards  passes 
into  crystalline  ammonio- arseniate  of  manganese  — NH4  0,2Mn0,As05 
-b  12110.  (Otto.) 

Arseniates  of  Iron.  The  protosalts  of  iron  give  a white  precipitate 
■with  arseniate  of  ammonia,  'which  gradually  becomes  green  on  exposure 
to  air;  it  appears  from  Chenevix’s  analysis  to  be  3Fe0,As05  + 6H0. 
When  heated,  it  loses  'water,  becomes  first  grey,  then  black,  arsenious  acid 
sublimes,  and  the  residue  is  partly  peroxide  of  iron.  Protarseniate  of 
iron  is  sparingly  soluble  in  ammonia,  and  the  solution  acquires  a green 
color  by  exposure.  The  native  cubic  arseniate  of  iron  of  Cornwall  is 
FeO,Fe2  03,As0o  + 6H0  ; and  the  prismatic  arseniate  or  Skorodite  of 
Brazil,  is  2FeO,2Fe2  03,3As05,12H0.  (Berzelius.)  When  solutions 
of  perchloride  of  iron  and  bibasic  arseniate  of  soda  are  mixed,  a white 
perarseniate  of  iron  falls:  2Fe2  Cl3  + 3 [2Na0,As05]  :=r  2Fe2  03,3As05 
+ 6NaCl.  This  salt,  'when  dried  at  common  temperatures,  retains  about 
18  per  cent,  of  water  (r=:  12  atoms)  -which  it  loses  when  heated,  and 
becomes  red,  and  at  higher  temperatures  glows  and  acquires  a yellow 
color.  (Berzelius  thinks  that  this  indicates  a change  in  the  arsenic  acid 
analogous  to  that  of  the  phosphoric.)  When  freshly  precipitated,  it  dis- 
solves readily  in  ammonia  forming  a yellow  or  red  solution,  which,  when 
evaporated,  leaves  a red  basic  double  salt  {cimmonio- arseniate.')  AYheii 
protarseniate  of  iron  is  oxidized  l)y  digestion  in  nitric  acid,  and  the  solution 
evaporated  to  dryness  or  precipitated  by  ammonia,  a basic  perarseniate  is 
obtained  = 2Fe2  03,As05  : this  compound  occurs  native  in  combination 
Avith  about  28  cent,  (12  atoms)  of  water.  (Berzelius.)  The  stalac- 
titic  pitch  iron  ore  is  a hydrated  persulphate  and  perarseniate  of  iron 
r=  4 [Fe2  03,S0.3]  + 2Fe2  03,3 AsOo  -f  45IIO.  (Stromeyer.) 


Arseniates  of  Zinc.  When  bibasic  arseniate  of  ammonia  or  soda 
is  added  to  solution  of  sulphate  of  zinc,  the  liquor  becomes  sour  and  a 
tribasic  arseniate  of  zinc  falls  in  the  form  of  a white  poAvder  soluble  in 
arsenic  and  nitric  acids.  When  zinc  or  oxide  of  zinc  is  dissolved  in 
arsenic  acid  the  solution  yields  cubic  crystals  on  evaporation ; or  Aviien 
fully  saturated,  a gelatinous  residue.  An  ammonio-arseniate  of  zinc  has 
been  described  by  Bette.  (Ann.  der  Pharm..^  xv.  141.) 
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Akseniates  of  Tin.  The  solution  of  tin  in  arsenic  acid  leaves  a 
gelatinous  residue  on  evaporation.  A white  powder  is  precipitated  on 
adding  arseniate  of  potassa  to  protochloride  of  tin. 

Arseniate  of  Cadmium.  Arseniate  of  potassa  gives  a vs^hite  preci- 
pitate in  dilute  solutions  of  chloride  of  cadmium. 

Arseniate  of  Cobalt  falls  as  a pink  precipitate  on  adding  an  alka- 
line arseniate  to  a soluble  salt  of  cobalt : it  occurs  as  a native  hydrate  in 
peach  blossom  cobalt  ore  — 3CoO,As05,8HO.  (Kersten,  Poggend.^  lx.) 

Arseniate  of  Nickel,  formed  by  double  decomposition,  is  a green 
powder,  often  granular  and  crystalline,  insoluble  in  water,  soluble  in 
arsenic  acid,  and  in  ammonia.  The  mineral  called  nickel  ochre  is  a 
hydrated  arseniate  = 3Ni0,As05,8H0.  (Stromeyer.) 

Arseniates  of  Copper.  When  a bibasic  alkaline  arseniate  is  added 
to  a salt  of  oxide  of  copper,  a tribasic  arseniate  of  copper  — 3Cu0,As05 
falls,  the  liquor  becoming  sour : it  is  a pale  greenish-blue  precipitate  in 
its  hydrated  state  : when  heated  it  loses  w'ater,  and  becomes  olive-green, 
without  decomposition  if  kept  out  of  contact  of  carbon  : it  is  insoluble  in 
the  stronger  acids  and  in  ammonia.  There  are  many  native  siibarseniates 
of  copper  originally  analysed  by  Chenevix.  {Phil.  Trans. ^ 1801.)  The 
principal  are  copper  mica  r=:  8Cu0,As05 -f- 12HO ; analysed  by 

Turner,  = 5Cu0,As05  -\-  2HO  ; radiated  arseniate  — 5Cu0,As05  + 
5HO;  and  ferriferous  arseniate  z=.  2Cu0,3Fe0,As0.5 -f  5HO.  Kiipfers- 
chauni  — 5Cu0,As05 -}- lOHO  ; Olivenite  (arsenio-phosphate)  = 4CuO, 
[As05,P05]  -f  HO ; Euchroite  — 4Cu0,As05,  7HO  ; and  Lenticular 
ore.,  which  is  an  arsenio-phosphate,  with  aluminate  of  peroxide  of  iron, 
its  formula,  deduced  from  the  analysis  of  Trolle  Wachtmeister  [Poggend.^ 
xxv.  305)  being  4Cu0,[As05,P05]  dr  [Al2  03,Fe2  Os]  4-llHO. 

Arseniates  of  Lead.  When  acetate  of  lead  is  decomposed  by 
bibasic  arseniate  of  soda,  a tr'ibasic  arseniate  of  lead  falls,  =:  3Pb0,As05, 
and  free  acetic  acid  is  found  in  the  liquor : it  is  a white  fusible  salt, 
becoming  yellow  when  heated,  insoluble  in  water,  but  soluble  in  ammonia 
and  ammoniacal  salts.  When  arsenic  acid,  or  a solution  of  a bibasic 
alkaline  arseniate  is  dropped  into  solution  of  nitrate  of  lead,  a white 
powder  falls  which  is  bibasic  arseniate  of  lead  — 2Pb0,As05:  it  is  inso- 
luble in  water  and  in  acetic  acid,  but  soluble  in  nitric  and  in  hydrochloric 
acid.  It  occurs  native. 

Arseniate  of  Antimony.  Arseniate  of  potassa  throws  down  a 
white  precipitate  in  the  hydrochloric  solution  of  oxide  of  antimony. 

Arseniate  of  Bismuth  falls  in  the  form  of  a white  powder  on  adding 
arsenic  acid  to  the  nitric  solution  of  bismuth  : it  is  insoluble  in  water, 
but  soluble  in  hydrochloric  acid. 

Arseniate  of  Uranium  is  thrown  down,  of  a straw  color,  when  per- 
nitrate  of  uranium  is  decomposed  by  arseniate  of  potassa. 
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Arsenic  and  Chlorine.  Chloride  of  Arsenic.  AsCla.  This 
compound  may  be  formed:  1.  By  throwing  finely-powdered  arsenic  into 
chlorine;  the  metal  burns  and  produces  a volatile  liquid  : or  by  p;issiiig 
dry  chlorine  over  arsenic  placed  in  a curved  tube  or  adopter,  and  gently 
heated:  the  resulting  vapor  of  the  chloride  should  be  condensed  in  a 
receiver  cooled  by  ice,  and  maybe  purified  by  redistilling  it  off  a little 
powdered  arsenic.  2.  Distil  6 parts  of  corrosive  sublimate  with  1 of 
powdered  arsenic;  the  chloride  passes  into  the  receiver  in  the  form  of  an 
unctuous  fluid,  formerly  called  butter  of  arsenic.  3.  I part  of  arsenious 
acid  with  10  parts  of  sulphuric  acid,  are  put  into  a tubulated  retort,  and 
the  temperature  raised  to  about  212°.  Fragments  of  fused  common  salt 
are  then  thrown  in  by  the  tubulature ; by  continuing  the  heat,  and  suc- 
cessively adding  the  salt,  chloride  of  arsenic  is  obtained ; it  distils  over, 
and  may  be  condensed  in  cold  vessels.  Very  little  hydrochloric  acid  is 
disengaged,  but  towards  the  end  of  the  operation,  a portion  of  hydrated 
chloride  of  arsenic  is  produced,  Avhich  floats  upon  the  pure  chloride,  and 
appears  more  viscid  and  colorless;  it  may  be  deprived  of  water  by  redis- 
tillation with  concentrated  sulphuric  acid.  Mixed  with  a larger  quantity 
of  water,  the  chloride  of  arsenic  is  decomposed,  and  arsenious  acid  is 
formed,  hydrochloric  acid  being  at  the  same  time  produced. 

Chloride  of  arsenic  is  a dense  oleaginous  transparent  liquid:  it  does 
not  freeze  at  0° ; it  boils  at  about  270°,  the  density  of  its  vapor  being 
6*3  : it  exhales  vapor  when  exposed  at  common  temperatures  to  the  air; 
with  a small  quantity  of  water  it  forms  what  has  been  termed  hydrated 
chloride  of  arsenic;  this  is  probably  a hydrochloric  solution  of  arsenious 
acid;  [AsClS -l-3H0rz:As03 -f-3IICl],  and  when  more  largely  diluted, 
arsenious  acid  is  deposited ; but  when  a solution  of  arsenious  acid  in 
excess  of  hydrochloric  acid  is  heated,  the  whole  volatilizes  and  there  is 
no  residue,  so  that  when  hydrochloric  acid  containing  arsenious  acid  is 
distilled,  the  product  which  passes  over  is  arseniferous ; and  when  arseni- 
ferous  acid  acts  upon  common  salt,  the  hydrochloric  acid  which  is  evolved 
carries  the  arsenic  with  it. 

When  sulphur  or  phosphorus  are  heated  in  this  chloride  they  are 
dissolved,  but  again  deposited  on  cooling.  It  is  decomposed  by  iron, 
zinc,  cadmium,  tin,  lead,  copper,  antimony,  and  bismuth.  It  combines 
with  oil  of  turpentine  and  with  olive-oil.  It  absorbs  about  ten  times  its 
volume  of  chlorocarbonic  acid,  but  gives  it  off  again  on  dilution  with  water. 
Chloride  of  arsenic  consists  of 


J.  Davy. 

Arsenic  1 ....  75  ....  40-98  ....  39-52 

Chlorine  3 ....  108  ....  59-02  ....  60-48 


Chloride  of  arsenic 1 183  100-00  100-00 

Vols.  Sp.fi-.  Vols.  Sp.gr. 

Arsenic  vapor 1 ....  10-39  i 2‘59 

Chlorine  gas 6 ....  14-73  J 1 Ij  ....  3-68 


A^apor  of  chloride  of  arsenic  ....  4 25-12  1 6-27 

No  chloride  corresponding  with  arsenic  acid  has  been  obtained;  when 
excess  of  chlorine  is  passed  over  arsenic,  a white  crystalline  sublimate 
sometimes  makes  its  appearance,  which  was  regarded  as  a perchloride, 
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but  wliicli  is  arsenious  acid  dependent  for  its  formation  upon  moisture  in 
the  chlorine.  When  a mixture  of  arsenic  and  calomel  is  distilled,  a dark- 
brown  sublimate  is  obtained,  which  is  said  to  be  a mixture  of  calomel 
with  a 6iibchIo?'ide  of  arsenic. 

Iodide  of  Arsenic.  Asia,  obtained  by  heating  1 part  of  arsenic 
with  3 or  4 of  iodine,  is  of  a deep  red  color,  and  volatile,  so  that  it  may 
be  purified  by  sublimation.  When  acted  upon  by  water,  it  produces 
liydriodic  and  arsenious  acids;  and  on  evaporating  the  solution  a com- 
pound of  arsenious  acid  and  iodide  of  arsenic  is  obtained  in  nacreous 
crystals.  (Plisson.  Serullas.  IIottot,  Join'ii.  de  Pharm.^  Jan.  and 
March,  1828.)  According  to  Bette  a pure  iodide  of  arsenic  is  obtained 
by  fusing  together  about  3 parts  of  finely-powdered  arsenic  and  10  of 
iodine,  digesting  the  mass  in  hot  alcohol,  filtering  and  setting  aside  to 
crystallize  : it  forms  red  lamellar  crystals,  which  fuse  and  sublime  when 
heated.  It  consists  of 


Plisson.  Betto. 

Arsenic 1 ....  75  ....  l(>-56  ....  16-4  ....  17-46 

Iodine  3 ....  378  ....  83*44  ....  83*6  ....  82*54 


Iodide  of  arsenic  1 453  lOO'OO  lwo*0  100*00 

Bromide  of  Arsenic.  AsBr3.  Bromine  and  arsenic  act  intensely  on 
each  other  wdth  the  evolution  of  heat  and  light,  and  form  a crystallizable 
compound  which  fuses  at  78°,  and  boils  and  evaporates  at  430°.  By  the 
action  of  water,  it  yields  arsenious  and  hydrobromic  acids,  and  on  evapo- 
ration, crystals  of  a pearly  lustre  are  formed,  w'hich  consist  of  arsenious 
acid  in  combination  with  the  bromide.  (Serullas,  Ann.  Ch.  ei  Ph.^ 
xxxviii.  318.) 

Fluoride  of  Arsenic.  AsF3,  is  obtained  by  distilling  a mixture  of  5 
parts  of  powdered  fluor  spar  with  4 of  arsenious  acid  and  8 of  sulphuric 
acid.  A colorless  fuming  liquid  passes  over,  which  is  decomposed  by 
water,  and  by  the  contact  of  glass.  Unverdorben,  who  first  examined 
this  compound,  states  its  specific  gravity  to  be  2*73.  It  is  extremely 
volatile,  and  fumes  in  the  air.  The  specific  gravity  of  its  vapor  exceeds 
4.  It  combines  without  decomposition  with  ammonia.  In  the  above 
process,  silicated  fluoric  acid  is  also  formed  at  the  expense  of  the  glass 
retort,  but  escapes  in  the  gaseous  form,  while  the  fluoride  of  arsenic  may 
be  condensed  in  a bent  tube  surrounded  by  ice.  (^Poggend.,  vii.  316.) 

Arsenic  and  Hydrogen.  W^hen  arsenic  is  made  the  negative  pole 
in  water,  of  a powerful  voltaic  battery,  a brown  substance  is  deposited, 
which  evolves  hydrogen  when  heated,  and  easily  burns  in  the  air.  The 
same  substance  is  formed  during  the  action  of  an  alloy  of  arsenic  and 
potassium  or  sodium  upon  water.  (Davye)  It  appears  from  Soubeiran’s 
experiments  to  be  Asll2. 

Arsenuretted  Hydrogen  GxYS.  AsFI3.  W^hen  nascent  hydrogen 
comes  into  contact  with  arsenic  or  Avitli  any  of  its  compounds,  a portion  of 
the  metal  is  carried  over  in  the  gaseous  form,  giving  the  hydrogen  an  allia- 
ceous odor,  causing  it  to  burn  with  a peculiar  blue-tinted  flame,  and  to 
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give  off  arseiiioiis  acid  during  its  perfect  combustion,  or  to  deposit  upon 
cold  substances  held  in  its  flame  a film  of  metallic  arsenic.  These  and 
other  indications  of  the  presence  of  arsenic  are  evident  Avhen  only  a very 
minute  portion  of  the  metal  is  present,  hence  their  value  in  detecting  it 
in  the  processes  uhich  will  presently  be  described. 

WJieii  arsenious  acid  is  added  to  dilute  sulphuric  acid,  and  zinc  dis- 
solved in  the  mixture,  the  liberated  hydrogen  is  rich  in  arsenic;  but  in 
this  case  a considerable  proportion  of  free  hydrogen  also  is  evolved.  Pure 
arsenuretted  hydrogen  is  best  obtained  by  the  action  of  hydrochloric  acid 
upon  a pulverized  alloy  of  zinc  and  arsenic,  obtained  by  fusing  together 
equal  parts  of  those  metals  in  an  earthen  retort  or  covered  crucilde.  The 
gas  is  colorless : it  has  a nauseous  odor,  and  is  alarmingly  poisonous,  so 
that  even  when  largely  mixed  with  air  it  excites  nausea,  vomiting,  gid- 
diness, and  other  dangerous  symptoms;  too  much  caution  cannot  there- 
fore be  observed  in  dealing  with  it.  It  has  proved  fatal  to  two  chemists, 
namely,  Gehlen  and  Bullacke : Gehlen,  suspecting  that  the  gas  was 
escaping  from  some  part  of  the  apparatus  lie  was  using,  applied  his  nose 
for  the  purpose  of  detecting  it,  and  although  he  inhaled  a very  small 
quantity,  he  vras  seized  in  about  an  hour  with  shivering  fits  and  vomiting, 
attended  by  extreme  debility,  and  although  every  medical  aid  Avas  resorted 
to,  died  on  the  ninth  day.  (Anii.  Ch.  et  P/i..  in.  135.)  Bullacke  lingered 
under  similar  symptoms  for  twelve  days. 

The  specific  gravity  of  arsenuretted  hydrogen  is  2*695  ; it  may  be 
collected  and  retained  over  water,  Avhich  however  absorbs  it  to  the 
amount  of  about  one-fifth  its  volume,  and  if  it  contain  air,  a thin  film  of 
metallic  arsenic  is  gradually  deposited : it  is  not  absorbed  by  alkaline 
solutions  nor  by  alcohol  or  ether,  but  oil  of  turpentine  absorbs  it  largely, 
and  the  fat  oils  sparingly.  It  is  liquified,  under  atmospheric  pressure, 
when  cooled  down  to  — 40^.  (Dumas  and  Soubeiran,  Ch.  el  P/^., 

xuiii.)  Faraday  could  not  solidify  it  at  166°  beloAV  0°.  He  found  the 
tension  of  its  A’-apor  at  — 70°=  I'63 atmospheres,  at  — 60°=1*40,  at  — 50° 
= 1*80,  at  - 40=:2*28,  at-30  = 3*24  at  - 20°=  3*51,  at  - ]0°=4-30, 
at  0°=:5*21,  at  32=8*95,  and  at  60  = 13*19  atmospheres.  (P/u  7V.,  1845, 
p.  170.) 

Arsenuretted  hydrogen  is  decomposed  at  a red-heat,  arsenic  is  de- 
posited, and  1 volume  of  the  gas  affords  1*5  of  hydrogen.  lYhen  mixed 
Avith  an  insufficient  quantity  of  air  or  of  oxygen  for  its  perfect  combus- 
tion, it  deposits  metallic  arsenic  when  burned;  but  Avith  excess  of  oxygen 
it  explodes  Avith  Auolence  and  forms  Avater  and  arsenious  acid:  it  burns  in 
contact  of  air  Avith  a pale  blue  flame,  forming  Avater  and  arsenious  acid, 
and  depositing  arsenic  upon  the  sides  of  the  jar  as  the  flame  descends. 
For  its  perfect  combustion  it  requires  1*5  volume  of  oxygen;  or  4 Amlumes 
require  6 of  oxygen  : its  components  being 

Vols.  Sp.  gr.  Uols.  Sp.  gr. 

Arsenic  1 ....  75  ....  96*15  Arsenic  vapor....  1 ....  10*399  =0*25  ....  2*599 

Hydrogen 3 ....  3 ....  3*65  Hydrogen  gas....  6 ....  0*416=  1*50  ....  0*104 


Arsenuretted  1 
hydrogen,,,,  j 


76  100*00 


Arsenuretted  | ^ 
hydrogen  gas  J 


10-615  = 1* 


2*703 


Arsenuretted  hydrogen  gas  is  instantly  decomposed  by  chlorine;  and 
if  chlorine  be  suffered  to  ascend  into  a jar  containing  it,  and  standing 
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over  water,  each  bubble  inflames,  producing  hydrochloric  acid,  and  brown 
fumes  of  arsenic  are  deposited  ; if  the  arsenuretted  hydrogen  be  sent  up 
in  the  same  way  into  chlorine,  there  being  great  excess  of  the  latter, 
hydrochloric  and  arsenious  acids  are  immediately  formed.  The  gas  is 
similarly  but  less  intensely  decomposed  by  iodine  and  bromine.  Fuming 
nitric  acid  immediately  and  violently  acts  upon  and  oxidizes  it,  and 
sometimes  with  inflammation.  When  sulphur  and  phosphorus  are  heated 
in  it,  sulphuretted  and  phosphuretted  hydrogen  and  sulphuret  and  phos- 
phuret  of  arsenic  are  formed,  and  it  is  also  decomposed  when  heated  in 
contact  with  potassium  and  sodium,  and  with  tin  and  zinc.  With  solu- 
tion of  corrosive  sublimate  arsenuretted  hydrogen  gives  a precipitate 
composed,  according  to  Rose,  of  1 atom  of  arsenic,  6 of  mercury,  and  3 
of  chlorine.  Agitated  with  solution  of  sulphate  of  copper  the  gas  is 
absorbed,  and  arsenuret  of  copper  and  water  are  formed.  3 [CuO, 
SO3]  + AsH3=  Cu3,As + 3HO + 3S03.  This  action  furnishes  a good 
means  of  testing  the  purity  of  the  gas,  for  any  uncombined  hydrogen 
remains  unacted  on.  It  reduces  the  salts  of  silver,  gold,  platinum,  and 
rhodium,  and  arsenious  acid  remains  in  solution  : thus,  with  nitrate  of 
silver,  the  results  are  silver,  arsenious  acid,  water,  and  nitric  acid. 
6[Ag0,N05j  -j- AsH3  6Ag  + As03 -|-3HO 6NO5.  Arsenuretted  hy- 
drogen does  not  decompose  the  salts  of  iron,  nor  does  it  produce  any 
change  in  solution  of  emetic  tartar,  or  of  acetate  of  lead. 

Arsenic  and  Sulphur.  Protosulphuret  of  Arsenic.  Red  Sul- 
phuret OF  Arsenic.  Realgar.  AsS2.  By  slowly  fusing  a mixture  of 
metallic  arsenic  and  sulphur,  or  of  orpiment  and  arsenious  acid,  or  by 
heating  arsenious  acid,  charcoal,  and  sulphur,  a red  sulphiirel  of  arsenic 
is  obtained.  It  is  crystallizable,  and  of  a vitreous  fracture:  its  specific 
gravity  is  3'4  to  3*5.  It  is  easily  fusible,  and  may  be  sublimed,  unaltered, 
in  close  vessels. 

It  is  usually  known  under  the  name  of  Realgar^  and  occurs  native  in 
Germany  and  Switzerland,  in  veins  of  primitive  rocks  and  among  volcanic 
products.  Its  primary  form  is  an  acute  octohedron.  It  is  used  in  the 
preparation  of  the  pyrotechnical  compound,  called  White  Indian  Fire^ 
which  consists  of  24  parts  of  saltpetre,  7 of  sulphur,  and  2 of  realgar, 
finely  powdered  and  well  mixed:  it  burns  with  a white  flame  of  great 
brilliancy.  When  this  sulphuret  is  digested  in  a solution  of  caustic  potassa, 
a part  of  its  sulphur  is  removed,  and  a black  or  brown  powder  remains, 
which,  when  heated,  is  resolved  into  realgar  and  metallic  arsenic,  and 
which  is  regarded  as  a siihsulphuret.  Realgar  consists  of 

Native. 


Klaproth.  Laugier. 

Arsenic  1 ....  75  ....  70*09  ....  69  ....  69*57 

Sulphur 2 ....  32  ....  29*91  ....  31  ....  3043 


Realgar 1 107  10000  100  100*00 


Sesquisulphuret  of  Arsenic.  Yellow  Sulphuret  of  Arsenic. 
Orpiment.  Sulpharsenious  Acid.  AsS3.  When  realgar  is  fused  with 
sulphur,  or  when  sulphuretted  hydrogen  is  passed  through  a solution  of 
arsenious  acid  in  dilute  hydrochloric  acid,  this  sulphuret  is  formed : in 
the  latter  case  it  is  in  the  form  of  a yellow  powder.  It  is  fusible,  and 
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assumes  a lamellar  or  crystalline  texture  on  cooling,  and  may  be  sublimed 
without  decomposition  in  close  vessels.  Heated  in  the  air,  it  burns  with 
a pale-blue  flame,  exhaling  white  fumes  and  the  odor  of  sulphurous  acid. 
Its  specific  gravity  is  3‘45.  It  sparingly  dissolves  in  boiling  water.  It 
is  soluble  in  caustic  alkaline  solutions;  it  is  insoluble  in  acids,  but  is 
decomposed  by  nitric  and  nitrohydrochloric  acids.  These  sulphurets  are 
readily  decomposed  by  fusion  with  potassa ; sulphuret  of  potassium  and 
a sublimate  of  metallic  arsenic  are  the  results. 

Braconnot  has  employed  an  ammoniacal  solution  of  orphnent  as  a dye- 
stuff (Ann.  de  CIi.  et  PA.,  xii.) ; the  process  he  recommends  is  as  follows: 
I part  of  sulphur,  2 of  white  arsenic,  and  5 of  pearlash,  are  to  be  fused 
in  a crucible  at  a heat  a little  below  redness:  a yellow  mass  results  which 
is  to  be  dissolved  in  hot  water  and  filtered ; the  filtered  solution,  diluted 
with  water,  is  to  be  treated  with  weak  sulphuric  acid,  and  wall  give  a fine 
yellow  precipitate,  which  easily  dissolves  in  ammonia,  forming  a solution 
at  first  yellow,  but  becoming  colorless  on  adding  more  ammonia.  The 
'wool,  silk,  cotton,  or  linen,  is  to  be  dipped  into  this  solution,  more  or  less 
diluted  according  to  the  color  required,  care  being  taken  that  no  metallic 
vessels  are  used;  on  taking  them  out  they  are  at  first  colorless,  but,  as 
the  ammonia  evaporates,  become  yellow  ; they  are  then  to  be  freely 
exposed  to  the  air,  washed,  and  dried.  This  color  is  very  permanent,  but 
soap  impairs  it.  Orpiment  is  also  the  basis  of  the  pigment  called  Kings 
Yellow.  The  composition  of  orpiment  is 

Native. 


Berzelius.  Laugier.  Klaproth, 

Arsenic  1 ....  75  ....  60'98  ....  61  ....  6r86  ....  62 

Sulphur  3 ....  48  ....  3902  ....  39  ....  38-14  ....  38 


Orpiment  1 123  100*00  100  lOO’OO  100 


Native  Orpiment  (the  auripigmentum  of  the  ancients)  is  of  a bright 
lemon  or  golden  color.  It  is  generally  massive  and  lamellar.  It  occurs 
both  in  primitive  and  secondary  rocks  in  Suabia,  Hungary,  China,  and 
South  America. 

Persulphuret  of  Arsenic.  Sulpharsenic  Acid.  AsSs.  When 
sulphuretted  hydrogen  is  passed  through  a concentrated  solution  of 
arsenic  acid,  a yellow  precipitate  slowly  falls,  which  resembles  orpiment 
in  color,  and,  like  it,  may  be  sublimed  without  change,  in  close  vessels ; 
it  also  is  easily  fusible,  and  soluble  in  alkaline  solutions,  but  insoluble  in 
boiling  water.  The  same  compound  is  obtained  wdien  sulphuretted  hy- 
drogen is  passed  through  a concentrated  solution  of  arseniate  of  potassa, 
and  the  resulting  sulpho-salt  decomposed  by  hydrochloric  acid.  This 
sulphuret  of  arsenic  consists  of 


Berzelius. 

Arsenic  1 ....  75  ....  48'39  ....  48-3 

Sulphur  5 ....  80  ....  51-61  ....  51-7 


Persulphuret  of  arsenic  ....  1 155  100 ’00  lOO'O 

According  to  Berzelius,  there  is  a compound  of  arsenic  with  a larger 
relative  quantity  of  sulphur,  which  is  formed  when  a neutral  solution  of 
arsenio-persulphuret  of  potassium  is  mixed  with  alcohol,  and  filtered;  the 
filtered  solution  is  reduced  by  distillation  to  somewhat  less  than  half  its 
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bulk,  and  suffered  to  cool  slowly,  when  it  deposits  crystalline  scales, 
which  are  as  fusible  as  sulphur  itself,  and  which  he  regards  as  a definite 
compound  of  arsenic,  with  great  excess  of  sulphur.  {Lehrlmch^  ii.  44.) 

The  sulphurets  of  arsenic  are  all  poisonous,  though  less  virulent  than 
the  oxides.  (Orfila.)  They  combine  with  sulphur,  or  are  soluble  in 
fused  sulphur,  in  all  proportions. 

Arsenio-sulphurets.  Each  of  the  preceding  sulphurets  of  arsenic 
combines,  as  a sulpJmr-acid,  with  the  opposed,  or  electropositive  sul- 
p)hurets,  or  sulphur-bases,  to  form  a class  of  sulphur-sails^  called,  by 
Berzelius,  Arsenio-sulpkiirels : hence  we  have  three  classes  of  these  salts, 
namely,  the  arsenio-protosulphureis^  the  arsenio-ter sulphurets^  and  the 
a rsen  io  -p  ersu  Ip  h u rei  s . 

].  The  arseiiio-protosulphurels  (containing  realgar,  or  protosulphuret 
of  arsenic,)  are  formed,  in  the  dry  way,  when  sulphur-bases  are  fused 
with  realgar;  or  when  the  arsenio-tersulp)hurets  are  fused  with  metallic 
arsenic:  when  thus  obtained,  they  are  decomposed  by  water,  which  causes 
the  separation  of  a black  or  brown  subsulphuret  of  arsenic,  and  the  residue 
is  an  arsenio-tersulphuret.  These  salts  cannot  be  obtained  by  the  direct 
action  of  caustic  alkali,  or  of  hydrosulphuret,  upon  realgar ; for  in  that 
case,  also,  an  arsenio-tersulphuret  and  black  subsulphuret  are  formed  : but 
they  are  produced  by  boiling  orp)iment  in  a somewhat  concentrated  solu- 
tion of  carbonate  of  potassa,  or  of  soda,  and  filtering  the  solution  whilst 
hot;  it  becomes  turbid  as  it  cools,  and  a brown  flocculent  precipitate 
falls,  which  is  a neutral  compound  of  the  alkaline  sulphuret  with  realgar, 
that  is,  an  arsenio-proiosulphuret  of  potassium^  or  of  sodium.  These  salts 
are  red  or  brown,  and  mostly  insoluble  in  water.  The  acids  decompose 
them,  and  separate  realgar. 

2.  The  arsenio-tersulphureis  (containing  orpiiment,  or  tersulphuret 
of  arsenic,)  can  only  be  obtained  in  the  dry  w’ay,  and  in  a solid  state, 
for  when  their  solutions  are  evaporated  to  a certain  degree  of  concentra- 
tion, a brown  poAvder  is  deposited  (Avhich  is  an  arsenio-protosulphuret,) 
and  an  arsenio-tersulphuret,  Avith  excess  of  base,  remains  in  solution : but 
the  decomposition  is  not  perfect,  till  the  latter  salt  crystallizes.  By 
dilution  Avith  AA^ater,  and  boiling,  the  precipitate  is  redissoh^ed,  and  the 
arsenio-tersulphuret  reproduced.  When  orpiment  is  digested  in  Aveak 
caustic  alkali  at  common  temperatures,  a compound,  containing  tAvice  the 
quantity  of  orpiment  that  exists  in  the  neutral  compound,  is  obtained. 
The  arsenio-tersulphurets  of  the  alkaline  bases  are  not  decomposed  by 
dry  distillation;  the  others  are  decomposed  at  a red-heat,  orpiment  is 
given  off,  and  the  sulphur-base  remains. 

8.  Arseino-pers^dphurels.^  (containing  the  persulphuret  of  arsenic.) 
These  compounds  vary  in  color ; their  taste  is  hepatic,  and  extremely 
nauseous  and  bitter ; decomposed  by  an  acid,  they  gh^e  out  a very 
peculiar  hepatic  odor : AA’hen  the  base  is  a sulphuret  of  the  metals  of 
the  alkalis  or  alkaline  earths,  or  of  glucium  or  yttrium,  or  of  a feAV  of  the 
other  metals,  these  salts  are  soluble  inAvater;  the  others  are  insoluble. 
These  salts  are  often  basic.,  and  are  then  mostly  crystallizable,  Avhich  is 
rarely  the  case  with  the  neutral  compounds;  the  latter  are  decomposed 
by  dry  distillation,  and  resolved  into  arsenio-sesquisulphurets  and  sul- 
phur ; but  the  basic  compounds  remain  unchanged.  They  are  easily 
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decomposed  in  the  open  fire.  The  concentrated  solutions  of  these  salts 
are  only  very  slowly  decomposed  by  exposure  to  air;  when  more  dilute, 
they  gradually  become  turbid,  and  deposit  sulphur  and  sulphuret  of 
arsenic,  Avhilst  the  solution  contains  iiudecomposed  salt,  together  with 
arsenites  and  hyposulphites,  wdiich,  after  complete  decomposition,  become 
sulphates 

Sulphuret  of  Arsenic  and  Iron,  FeAs,FeS2,  is  found  native  in 
many  parts  of  Europe.  It  is  of  a more  silvery  color  than  iron  pyrites, 
and  when  heated  exhales  arsenic.  It  is  called  arsenical  pyrites  or  mis- 
pickel^  and  is  an  abundant  source  of  arsenious  acid.  It  appears  to  he 
a compound  of  a bisulphuret  of  iron  with  arsenuret  of  iron;  oi-, 

Chevreul.  Stromeyer. 

2 ....  5G  ....  34-35  ....  34*938  ....  3G-04 

1 ....  75  ....  46-01  ....  43-418  ....  42*88 

2 ....  32  ....  19-64  ....  20-132  ....  21*08 

Sulphuret  of  arsenic  and  iron 1 163  100*00  98*488  lOO’OO 

PiiosPHURET  OF  Arsenic  is  obtained  by  heating  equal  parts  of  arsenic 
and  phosphorus:  it  forms  a dark-brown  metallic  sublimate.  (Land- 
grebe.) 

Seleniuret  of  Arsenic  is  formed  by  dissolving  arsenic  in  fused  sele- 
nium : it  is  a black  fusible  compound,  less  volatile  than  its  components, 
so  that  excess  of  either  may  be  driven  off  by  heat.  At  a red-heat  it  boils 
and  sublimes.  (Berzelius.) 

Alloys  of  Arsenic.  Arsenurets.  iVrsenic  unites  with  most  of  the 
metals,  forming  compounds  which  are  generally  brittle  and  comparatively 
fusible.  With  polassiiirn  it  forms  by  fusion  a brownish  compound,  which, 
when  put  into  water,  evolves  less  hydrogen  than  pure  potassium,  in  con- 
sequence of  the  formation  of  hydruret  of  arsenic.  When  potassium  is 
heated  in  arsenuretted  hydrogen,  hydrogen  is  evolved,  and  arsenuret  of 
potassium  formed.  (Davy.)  With  sodium,  the  alloy  is  either  brown 
and  of  an  earthy  aspect,  or  grey  and  metallic,  according  to  the  propor- 
tions of  the  metals : water  acts  upon  it  as  upon  the  former.  (Gay 
Lussac  and  Thenard,  Recherches  Rhysico-Chimiques,  i.)  The  alloy  of 
arsenic  and  manganese  exists  native:  it  resembles  pyrolusite ; its  sp.  gr. 
5*5;  hard  and  grey,  becoming  black  by  exposure;  it  di.ssolves  in  nitro- 
hydrochloric  acid,  and  appears,  from  Kane’s  analysis,  to  be  Mn2,As. 
{Quart.  Joiirn,,  N.S.,  vi.  381.)  Arsenic  and  iron  form  compounds  which 
are  more  brittle,  hard,  and  fusible  than  iron  : when  iron  only  contains 


Ii'on  .... 
Arsenic 
Svilpliur 


* Having  stated  thus  much  respecting 
the  arsenio-sulphurets,  I shall  not  go  into 
the  details  of  their  history,  or  attempt  a 
description  of  their  manifold  varieties;  of 
these  the  reader  may  form  some  notion,  by 
reference  to  Dr.  Turner's  abstract  of  the 
properties  of  a few  of  the  leading  arsenio- 
persulphiirets  only,  (Elem.  of  Chem.,  p. 
753,)  or  he  may  consult  Berzelius  or  Gmelin 


for  a full  account  of  them.  The  question 
as  to  the  state  of  tliese  compounds  when  in 
aqueous  solution,  is  involved  in  the  same 
difficulties  with  that  respecting  the  solutions 
of  the  sulphurets  of  the  alkaline  bases,  and 
admits  of  similar  explanation.  See  also  in 
reference  to  a new  class  of  these  salts,  a 
paper  by  Bouquet  and  Cloez.  (Ann.  Ch.  et 
Ph.,  January,  1845.) 
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2 or  3 per  cent,  of  arsenic,  it  becomes  very  brittle  when  heated.  With 
the  acids  these  arsenurets  evolve  arsenuretted  hydrogen ; they  retain 
their  influence  upon  the  magnet  till  the  arsenic  forms  about  50  per  cent. 
The  compound  Fe  As  is  found  naime  in  rhombic  prisms  ; sp.  gr.  7'22 : it 
is  of  a grey  color,  and  gives  a black  powder.  Arsenuret  of  zinc  is 
obtained  by  placing  some  arsenic  at  the  bottom  of  a crucible,  or  coated 
retort,  and  covering  it  with  its  weight  of  granulated  zinc;  the  temperature 
is  gradually  raised  till  the  alloy  is  fused ; it  is  grey,  brittle,  and  granular 
in  texture  ; with  hydrochloric  acid  it  yields  chloride  of  zinc  and  arsenu- 
retted hydrogen  ; it  contains  43*7  arsenic  and  56*3  zinc.  (Soubeiran.) 
Arsenuret  of  tin  is  formed  by  fusion ; it  is  brilliant,  crystalline,  and 
brittle.  According  to  Dumas,  the  most  perfectly  crystalline  compound  is 
8G  per  cent,  of  tin  and  14  arsenic.  Arsenuret  of  cobalt  is  formed  by 
heating  arseniate  of  cobalt  with  charcoal,  or  in  hydrogen  gas;  or  arsenic 
and  cobalt  may  be  fused  together ; the  resulting  compound  contains  38*5 
arsenic -}- 61*5  cobalt.  The  native  arsenuret  of  cobalt  \\2lS  already  been 
mentioned  as  one  of  the  ores  of  that  metal : it  occurs  in  cubic,  octohedral, 
and  dodecahedral  crystals,  sp.  gr.  6*78,  of  a tin  white  color;  it  contains 
about  20  per  cent,  of  cobalt  and  80  arsenic,  and  is  therefore  Co2  As3. 
The  ore  known  in  Germany  as  speishobalt.^  is  an  arsenuret  of  cobalt,  iron, 
and  nickel.  Arsenuret  of  nickel  is  made  by  heating  to  bright  redness 
arseniate  of  nickel  in  a crucible  lined  wuth  charcoal : a fused  button  is 
obtained  w^hich  is  grey  and  brittle.  (Berthier.)  Kupfernickel  is  a 
native  arsenuret  ■=z  A.%W\2;  one  of  the  crystallized  arsenurets  appears  to 
be  AsNiS;  and  the  white  arsenical  nickel,  or  nickel  pyrites.,  is  AsNi. 
When  copper  is  heated  to  redness  with  excess  of  arsenic,  a grey  arsenuret 
is  formed ; it  is  granular  and  brittle ; it  has  been  called  white  tombac. 
When  arsenuretted  hydrogen  is  passed  through  a solution  of  copper,  a 
black  arsenuret  is  formed  — Cu3  As  : when  passed  over  dry  chloride  of 
copper,  hydrochloric  acid  is  evolved,  and  the  same  compound  formed. 
3CuCl  + AsHs  — Cu3,As  4- 3HCL  (Kane.)  Arsenuret  of  lead  is  ob- 
tained by  heating  lead  with  excess  of  arsenic  or  of  arsenious  acid  : in  the 
latter  case  arseniate  and  arsenuret  of  lead  are  the  results;  it  is  a grey, 
crystalline,  brittle  compound,  not  entirely  decomposed  by  heat ; it  con- 
tains about  a sixth  of  its  w*eight  of  arsenic.  A very  minute  quantity  of 
arsenic  (less  than  1 per  cent.)  is  always  contained  in  common  lead  shot; 
it  gives  the  lead  the  property  of  spherical  granulation,  w*hen  the  fused 
metal  is  passed  through  a sieve  and  suffered  to  fall  through  the  air  till  it 
solidifies.  Arsenuret  of  antimony  is  brittle,  hard,  and  very  fusible  : it 
occurs  native^  containing,  according  to  Rammelsberg,  about  36  per  cent. 
of  antimony;  this  ore  therefore  is  SbAs3.  Arsenuret  of  bismuth  has  not 
been  satisfactorily  examined,  nor  are  the  alloys  of  arsenic  with  uranium, 
titanium,  cerium,  or  tellurium,  known. 

Tests  for  Arsenic.  As  arsenic,  either  accidentally  or  intentionally 
taken,  is  a frequent  cause  of  death,  and  often  the  subject  of  judicial 
inquiry,  it  becomes  of  importance  to  point  out  the  most  effectual  modes 
of  discovering  its  presence.  Where  arsenic  proves  fatal  it  is  not  always 
found  in  the  contents  of  the  stomach  after  death,  but  is  often  previously 
voided  by  vomiting  or  by  stool;  and  it  may  sometimes  be  detected  in  the 
matters  thrown  off  the  stomach,  in  the  form  of  a white  powder,  subsiding 
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ill  'Water.  The  inflammation  of  the  stomach  which  results  is  generally  a 
secondary  effect,  and  takes  place  Avhetlier  the  poison  he  swallowed  or 
applied  to  a wound.  If  minute  quantities  of  white  powder  be  detected 
in  the  stomach  after  death,  or  in  the  matter  vomited,  it  may  he  treated 
as  follows : 

(<7.)  Mix  a small  portion  of  it  with  about  two  parts  of  black  flux; 
introduce  the  mixture  into  a glass  tube,  and  gradually  heat  it  red-hot  in 
the  dame  of  a spirit-lamp.  If  arsenic  be  present,  a si  eel-colored  siibli- 
male  will  attach  itself  to  the  cooler  part  of  the  tube,  which,  when  heated, 
evaporates  in  fumes  strongly  smelUng  of  garlic.  If  the  metallic  arsenic 
be  heated  in  a tube  open  at  both  ends,  and  held  so  that  a current  of  air 
may  traverse  it,  it  becomes  converted  into  arsenioiis  acid.,  which  deposits 
itself  in  minute  but  characteristic  oclohedral  crystals.,  easily  recognized 
by  the  aid  of  a lens,  or  microscope. 

Berzelius  recommends  the  atom  of  white  arsenic  (or  other  arsenical 
compound)  to  be  introduced  into  the  bottom  a of  a tube,  shaped  as  in 
the  margin,  and  covered  up  to  h with 

powdered  charcoal,  previously  heated  ^ ^ 222 

before  the  blow-pipe,  to  expel  all  

moisture.  Heat  is  then  so  applied  by  ‘ ^ 

the  dame  of  a spirit-lamp  as  to  make 

the  charcoal  red-hot ; the  portion  a is  then  heated,  and  the  vapor  of  the 
white  arsenic  is  decomposed  as  it  passes  through  the  red-hot  charcoal,  and 
a metallic  dim  of  arsenic  deposited  in  the  cold  part  of  the  tube.  The  bottom 
of  the  tube  is  then  cut  off,  and  the  arsenic  recognised  as  before,  by  the 
alliaceous  smell  of  its  vapor,  and  by  its  reconversion  into  arsenious  acid. 

(Jj.)  Boil  the  suspected  matter  in  a little  distilled  water,  and  when 
the  liquor  has  cooled,  slightly  acidulate  it  by  a drop  or  two  of  hydro- 
chloric acid ; then  add  a strong  solution  of  sulphuretted  hydrogen,  or 
pass  the  gas  through  it.  If  arsenic  be  present,  a yellow  precipitate  will 
appear.  The  hydrosulphuretted  alkalis  do  not  affect  the  arsenious  solu- 
tion unless  a drop  or  two  of  acetic  or  hydrochloric  acid  be  added,  when 
the  yellow  precipitate  falls  ; these  tests  are,  however,  equivocal,  where 
very  small  quantities  are  to  be  detected,  for  if  slight  excess  of  alkali  be 
present,  it  retains  the  sulphuret  in  solution,  and  excess  of  acid  sometimes 
occasions  a little  sulphur  to  fall. 

(c.)  To  the  solution  b add  a drop  of  solution  of  carbonate  of  potassa, 
and  then  a drop  or  two  of  solution  of  sulphate  of  copper.  An  apple- 
green  precipitate.,  commonly  kiiowm  as  Scheeles  Green,  indicates  arsenic. 
The  amrnonio-sulphate  and  aiiimonio-acetate  ot  copper  also  give  the 
peculiar  green  precipitetto  when  added  to  very  dilute  solutions  of  white 
arsenic.  This  test,  how^ever,  is  fallacious  when  applied  to  mixed  fluids, 
for  the  ammoniacal  solution  of  sulphate  of  copper  produces  in  some 
vegetable  and  animal  infusions,  containing  no  arsenic,  a greenish  preci- 
pitate, which  may  be  mistaken  for  Scheele’s  green  ; whereas,  in  other 
mixed  fluids,  such  as  tea  and  porter,  to  which  minute  quantities  of  arsenic 
have  been  added,  it  occasions  none  at  all.  In  some  of  those  liquids  a 
free  vegetable  acid  may  be  the  solvent,  but  the  arsenite  of  copper  is  also 
dissolved  by  tannin,  and  perhaps  by  other  vegetable,  as  well  as  some 
animal  principles.  (Turner.) 

id.)  Add  to  the  solution  h a drop  of  nitrate  of  silver  and  of  solution 
AMl,  II.  3 P 
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of  ammonia,  or  of  ammonio -nitrate  of  silver;  a yellow  pj'ecipitaie  indicates 
arsenic.  This  precipitate  must  be  distinguished  from  that  arising  from 
phosphoric  acid  or  phosphates. 

(c.)  The  Yoltaic  pile,  made  to  act  by  two  wires  on  a little  arsenious 
solution  placed  upon  a piece  of  glass,  developes  metallic  arsenic  at  the 
negative  pole ; and  if  this  wire  be  of  copper  it  becomes  whitened  by 
metallic  arsenic,  wliicli  may  be  further  identified  as  mentioned  under 
Reinsch’s  test. 

(yi)  Marsh  has  ingeniously  availed  himself  of  the  affinity  of  hydrogen 
for  the  detection  of  arsenic.  It  has  been  above  remarked  that  when 
hydrogen  is  generated  in  contact  of  any  arsenical  combination,  it  com- 
bines with  the  metal  to  form  arsenuretted  hydrogen  gas,  and  the  presence 
of  a very  minute  trace  of  arsenic  in  hydrogen  may  be  detected  by  burning 
it  so  that  the  flame  may  come  into  the  contact  of  a plate  of  glass,  or  what 
answers  better,  of  a piece  of  white  earthenware,  such  as  a common  plate; 
it  then  deposits  a dark  metallic  spot ; or  if  a cold  substance  be  held  a 
little  above  the  flame,  arsenious  acid  condenses  upon  it;  in  these  cases, 
the  garlic  odor  of  arsenic  is  perceptible,  and  if  paper  has  upon  it  the 
slightest  deposit  of  white  arsenic,  it  gives  a yellow  tint  when  touched  with 
a little  diluted  ammonio-nitrate  of  silver.  Arsenuretted  hydrogen  may 
also  be  recognized  by  its  blackening  effect  upon  solutions  of  copper  and 
silver,  but  sulphuretted  hydrogen  occasions  a similar  change.  The  ap- 
paratus for  this  detection  of  arsenic  is  represented  in 
the  margin.  When  it  is  used,  the  stopcock,  which  is 
fitted  into  the  lower  bulb  by  grinding,  is  removed,  and 
a piece  of  pure  zinc  placed  at  z ; the  bulb  and  tube 
are  then  filled  to  the  level  L with  the  liquid  to  be 
tested,  to  which  a sufficiency  of  pure  dilute  sulphuric 
acid  is  previously  added,  the  stopcock  is  replaced, 
hydrogen  gas  is  soon  liberated,  and  filling  the  lower 
bulb  presses  the  liquid  into  the  upper  one;  the  gas 
being  now  under  pressure,  may  be  allowed  to  issue  in 
a very  small  jet  from  the  stopcock,  and  being  inflamed 
may  be  tested  by  holding  a piece  of  white  earthen- 
ware in  the  flame,  and  a piece  of  writing  paper  an 
inch  or  two  above  it,  when  the  indications  of  arsenic 
above  mentioned  will  be  observed,  provided  that  metal 
exists  in  the  tested  liquid.  The  zinc  and  the  acid 
used  in  these  experiments  should  be  previously 
examined  as  to  their  purity,  for  either  may  contain 
traces  of  arsenic ; the  zinc  may  also  contain  antimony, 
or  antimony  may  by  possibility  be  present  in  the  tested  liquid,  in  which 
case,  appearances  resembling  those  of  arsenic  will  ensue,  for  antimony 
also  goes  ofiP  with  the  hydrogen  ; but  there  is  then  neither  the  garlic 
odor,  nor  any  indications  of  arsenic  by  the  silver  test : if  the  flame  from 
the  jet  be  received  into  a piece  of  glass  tube  the  depositions  may  be 
more  precisely  examined,  and  the  metallic  film  of  arsenic  may  be  so 
heated  as  to  be  converted  in  arsenious  acid.  In  regard  to  the  differences 
between  the  stain  from  arsenic  and  that  from  antimony,  it  may  be 
observed  that  the  former  when  received  on  glass  is  nut-brown  by  trans- 
mitted light,  while  that  from  antimony  is  grey-blacJc ; both  are  opaque 
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in  the  centre.  (See  also  in  reference  to  the  distinction  l)etivceTi  anti- 
mony and  arsenic,  a method  proposed  hy  Fresenius,  Ann.  der  Cheni.  nnd 
Phann..,  Sept.  1842;  and  Chem.  Gaz..,  Jan.  1843;  and  a paper  ])y 
IMeissner,  ibid..,  1843.)  If  the  substances  under  examination  are 
blended  with  organic  matters,  these  should  be  got  rid  of  as  far  as  possible 
by  filtration,  or  by  the  other  usual  methods  employed  in  such  cases. 

There  is  a useful  memoir  on  the  tests  for  arsenic  in  the  Ann.  Ch.  el 
P/^.,  for  June,  1841  (II.,  159,  3me  Serie),  being  a report  by  Thenard, 
D umas,  Boussingault,  and  Regnault ; from  which  it  appears  that  when 
properly  applied.  Marsh’s  test  is  so  sensible  as  to  indicate  the  presence  of 
from  I to  a 2-millionth  part  of  arsenic  contained  in  solution ; before  the 
gas  is  burned  so  as  to  produce  the  arsenical  deposit,  they  recommend 
passing  it  through  a short  glass  tube  containing  amianthus  or  cotton,  to 
prevent  the  possibility  of  minute  portions  of  the  liquid  being  carried  up 
mechanically,  and  which  may  leave  small  spots  of  oxysulphuret  of  zinc 
liable  to  be  mistaken  for  arsenic. 

The  following  is  the  form  of  apparatus  which  they  prefer: 

A is  the  generating  bottle  about  four-fifths  filled  with  the  liquid  to  be 
tested ; it  should  contain  some  pieces  of  pure  zinc,  and  the  requisite 
sulphuric  acid  may  be  added  by  the  tube  b ; the  gas  escapes  through  c, 
and  passes  through  the  amianthus  in  b,  into  the  smaller  tube,  e,  part  of 
which  is  protected  by  copper-foil,  and  the  end,  f,  drawn  out  into  a capil- 
lary opening.  The  gas,  as  it  passes  through  e,  is  decomposed  by  heating 


the  protected  part  of  the  tube  to  redness,  the  extension  of  the  heat  to  f 
being  prevented  by  the  piece  of  bent  metal  plate  on  e.  The  film  of  arsenic 
deposited  in  the  cool  part  of  the  tube  may  be  examined  as  to  its  volatility 
and  its  conversion  into  arsenious  acid,  when  heated  in  the  tube  open  at  both 
ends,  &c.  The  gas  may  also  be  burned  in  the  usual  way  at  the  capillary 
end,  F.  (On  the  quantitative  determination  of  arsenic,  see  Fresenius, 
Mem.  Ch.  Soc.,  II.  129.) 

(g.)  PeinscKs  test  is  an  extremely  delicate  and  simple  means  of  detect- 
ing the  presence  of  arsenic,  and  is  especially  valuable  when  the  presence 
of  organic  matter  interferes,  either  as  affecting  the  color  of  the  precipitates 
with  copper,  silver,  and  sulphuretted  hydrogen,  or  by  occasioning  vis- 
cidity and  froth  where  MarslTs  test  is  used : it  consists  in  adding  a few 
drops  of  muriatic  acid  to  the  suspected  solution  and  then  placing  in  it  a 
slip  of  bright  copper,  and  heating  up  to  the  boiling-point,  when  if  arsenic 
be  present  the  copper  acquires  a grey  color  from  the  deposit  of  that 
metal : remove  the  slip  of  copper,  wash  and  dry  it  carefully,  and  heat  it 
in  a glass  tube,  when  a sublimate  of  arsenious  acid  will  be  obtained. 
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‘‘  This  test  failed  to  detect  the  four-thousandth  part  of  a grain  of  arsenic 
ill  thirty  drops  of  water,  tiie  dilution  being  equal  to  120,000  times  the 
Aveight  of  the  arsenic.  The  deposit  on  copper  commenced  with  a violet- 
colored  film  when  the  quantity  of  arsenious  acid  was  equal  to  the  3000th 
jiart  of  a grain  in  30  drops  of  water,  or  under  a dilution  of  90,000  times 
its  weight : it  Avas  also  very  decided  Avith  the  2000tli  part  of  a grain  in 
the  same  quantity  of  Avater ; but  in  neither  of  these  cases  could  octohe- 
dral  crystals  of  arsenious  acid  be  obtained  by  heating  the  copper. 
(Taylor.)  Several  other  metals  produce  an  appearance  more  or  less 
resembling  that  of  arsenic  Avhen  thus  tested  by  copper,  so  that  in  this,  as 
in  all  other  cases,  the  formation  of  arsenious  acid  and  its  subsequent 
reduction,  and  the  collateral  evidence  of  the  other  tests,  must  be  resorted 
to ; but  it  is  an  excellent  and  easy  method  of  separating  the  arsenic. 

For  further  details  upon  this  subject,  especially  in  reference  to  the 
various  modes  Avhich  have  been  suggested  of  getting  rid  of  organic 
matter,  to  the  relative  delicacy  and  fallacies  of  the  various  tests,  and  to 
the  quibbles  Avhich  are  apt  to  arise  in  courts  of  law,  I must  refer  to 
Avriters  on  toxicology  and  medical  jurisprudence.  (Paris  and  Fonblanc. 
Christxson.  a.  Taylor,  Guy,  &c.) 


§ XXV.  MOLYBDENUM.  Mo.  48. 

The  sulphuret  is  the  most  common  natural  compound  of  this  metal: 
from  this  ore  the  molyhdic  acid  Avas  first  obtained  by  Scheele  in  1778 
{Opusc2da\.')  and  from  this  the  metal  Avas  obtained  by  Hielm  in  1782. 
{^Cr ell’s  Ann.)  To  procure  the  metal,  the  native  sulphuret  is  powdered 
and  exposed  under  a muffle,  moderately  heated,  till  converted  into  a grey 
poAvder,  Avhich  is  to  be  digested  in  ammonia,  and  the  solution  filtered  and 
evaporated  to  dryness.  The  residuum  is  dissolved  in  nitric  acid,  re- 
evaporated to  dryness,  and  violently  heated  Avith  charcoal.  Metallic 
molybdenum  is  best  obtained  by  passing  a current  of  dry  hydrogen  gas 
over  molyhdic  acid  heated  to  AAdiiteness  in  a porcelain  tube.  It  should  be 
suffered  to  cool  in  the  contact  of  hydrogen.  (Berzelius.) 

The  metal  is  of  a Avhitish-grey  color,  and  of  excessively  difficult 
fusion.  According  to  Hielm,  its  specific  gravity  is  7'4 ; according  to 
Bucholz,  it  is  as  high  as  8 6,  and  of  the  color  of  silver,  and  someAvhat 
malleable.  It  is  little  changed  by  air,  and  a conductor  of  electricity.  Its 
specific  heat  is  0'072I8.  (Begnault.)  When  exposed  to  heat  and 
oxygen,  molybdenum  is  acidified,  a Avhite  crystalline  sublimate  of  molyhdic 
acid  being  formed.  At  a loAver  temperature,  it  first  acquires  a broAvn  and 
then  a blue  film.  It  is  not  acted  on  by  dilute  sulphuric,  hydrochloric,  or 
hydrofluoric  acid;  boiled  in  sulphuric  acid,  sulphurous  acid  is  evolved, 
and  a broAvn  compound  formed:  it  is  dissolved  by  nitric  acid,  and  very 
readily  by  nitrohydrochloric  acid.  It  is  rapidly  oxidized  by  fusion  AAnth 
saltpetre,  and  sloAvly  by  fusion  Avith  hydrated  potassa. 

Molybdenum  forms  three  compounds  Avith  oxygen,  tAvo  of  Avhich  are 
salifiable,  and  the  third,  an  acid.  Its  equivalent  number  is  48.  (47'7 
Turner  : 47*96  Graham  : 48  Gmelin.) 

Protoxide  of  Molybdenum.  Molybdous  Oxide.  MoO,  is  obtained 
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by  dissolving  molybdic  acid,  or  molybdate  of  ammonia,  potassa,  or  soda,  in 
aqueous  hydrochloric  acid,  and  putting  a piece  of  pure  zinc  into  the  solu- 
tion; the  liquid  changes  to  blue,  red,  and  black;  excess  of  ammonia  is  then 
added,  by  which  protoxide  of  molybdenum  is  thrown  down  in  the  form 
of  a black  hydrate^  whilst  the  oxide  of  zinc  is  retained  in  solution;  the 
hydrate  is  then  washed,  and  dried  in  vacuo  over  sulphuric  acid:  it  is 
apt  to  retain  adhering  oxide  of  zinc.  (Berzelius.)  Molybdous  oxide 
may  be  obtained  pure  by  decomposing  molybdate  of  potassa  by  excess 
of  hydrochloric  acid,  and  agitating  the  liquid  with  an  amalgam  of  potas- 
sium (containing  little  potassium);  when  it  has  acquired  a black  color 
ammonia  is  added,  which  throws  down  the  hydrated  oxide.  (Dumas.) 

hen  fused  or  crystallized  molybdic  acid  is  long  digested  with  zinc 
and  hydrochloric  acid,  it  is  not  dissolved,  but  gradually  converted  into 
anhydrous  protoxide:  but  exposed  in  this  state  to  the  air  it  becomes 
jnirple  and  blue  by  absorbing  oxygen.  (Berzelius.) 

In  the  state  of  hydrate  this  oxide  is  soluble  in  the  acids,  but  when 
anhydrous  almost  insoluble;  it  is  also  insoluble  in  the  caustic  and  carbo- 
nated alkalis,  but  the  recently-precipitated  hydrate  is  soluble  in  carbonate 
of  ammonia.  Molybdous  oxide  consists  of 

Berzelius. 

Molybdenum  1 ....  48  ....  85-7  ....  85-69 

Oxygen  1 ....  8 ....  14-3  ....  14-31 

Protoxide  of  molybdenum 1 58  100*0  lOO'OO 

Bixoxide  of  Molybdenum.  Deutoxide  of  Molybdenum.  Molyb- 
dic Oxide.  Mo02.  This  oxide  was  obtained  by  Bucholz,  by  strongly 
heating  molybdate  of  ammonia  rammed  down  in  a crucible:  the  molybdic 
acid  is  reduced  by  the  hydrogen  of  the  ammonia,  and  a crystalline  copper- 
colored  binoxide  is  obtained,  of  the  specific  gravity  5*6.  It  may  be  best 
procured,  according  to  Berzelius,  b}’’  heating  a mixture  of  sal-ammoniac 
and  molybdate  of  soda  in  a platinum  crucible  till  the  fumes  cease : the 
residue  is  well  washed,  digested  in  caustic  potassa  to  separate  any  molyb- 
dic acid,  and  again  washed  with  boiling  water.  The  oxide  remains  in 
the  form  of  a black  powder,  becoming  dark-brown  when  dry,  and  purple 
when  exposed  to  the  sun’s  rays.  When  pure  protoxide  is  heated  in  the 
air  it  also  burns  into  binoxide. 

Although  zinc  reduces  molybdic  acid  to  the  state  of  protoxide,  copper 
only  brings  it  down  to  binoxide;  if  therefore  copper,  molybdic  acid,  and 
hydrochloric  acid,  are  put  together,  the  molybdic  acid  disappears,  and  the 
liquid  acquires  a deep  red  tint : it  contains  the  chlorides  of  copper  and 
molybdenum  ; by  excess  of  ammonia,  the  binoxide  of  molybdenum  is 
thrown  down,  and  the  oxide  of  copper  retained  in  solution;  the  precipi- 
tate is  cleansed  by  washing  with  solution  of  ammonia,  and  when  carefully 
dried  in  vacuo  over  sulphuric  acid,  is  the  hydrated  binoxide. 

Ilyd  rated  molybdic  oxide  is  brown,  but  becomes  green  by  exposure; 
it  is  slightly  soluble  in  distilled  water,  but  insoluble  in  saline  solutions; 
it  is  said  to  redden  litmus,  but  has  no  other  acid  characters,  and  is  inso- 
luble in  caustic  alkalis,  but  soluble  in  the  carbonates  and  bicarbonates. 
When  heated  in  vacuo  it  becomes  dark  brown,  and  loses  its  solubility, 
resembling  then  the  anhydrous  oxide  obtained  as  above.  Molybdic  oxide 
consists  of 
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Bucholz.  Berzelius. 

Molybdenum  1 ....  48  ....  75  ....  73  ....  75 

Oxygen  2 ....  16  ....  25  ....  27  ....  25 

Deutoxide  of  molybdenum 1 64  100  100  100 

Molybdous  Acid.  When  metallic  molybdenum  and  molybdic  acid 
are  boiled  together  in  water,  a blue  solution  is  formed,  which  has 
sometimes  been  termed  inolyhdotis  cicid^  and  regarded  as  a distinct  stage 
of  oxidizement,  but  which  appears  to  be  a compound  of  molybdic  acid 
with  the  binoxide,  and  consequently  a molybdate  of  oxide  of  molybdenum. 
When  a current  of  hydrogen  gas  is  passed  over  molybdic  acid  at  a dull 
red-heat,  it  acquires  a blue  color,  and  becomes  converted  into  molybdous 
acid.  This  compound  is  soluble  in  water,  and  yields  a rich  blue  solution, 
which  becomes  quite  colorless  on  moderate  dilution;  it  is  insoluble  in 
solution  of  sal-ammoniac ; it  is  immediately  converted  into  molybdic  acid 
by  nitric  acid,  nitrohydrochloric  acid,  and  chlorine ; and  on  the  other 
hand,  deoxidizing  agents,  such  as  protochloride  of  tin,  or  tin-filings  and 
hydrochloric  acid,  convert  molybdic  acid  into  this  blue  compound.  Its 
composition  has  not  been  accurately  determined,  but  it  probably  is  M0O2, 
M0O3. 

Peroxide  op  Molybdenum.  Molybdic  Acid.  MoOs.  To  obtain 
this  acid,  the  native  sulphuret  of  molybdenum  should  be  roasted  and  tri- 
turated, to  reduce  it  to  powder,  and  distilled,  Avith  three  or  four  parts  of 
nitric  acid,  to  dryness.  This  operation  should  be  repeated,  till  it  is  con- 
verted into  an  uniform  white  mass,  Avhich  consists  of  molybdic,  nitric, 
and  sulphuric  acids;  the  two  latter  may  be  expelled  by  a red-heat  in  a 
platinum  crucible,  and  the  remaining  molybdic  acid  repeatedly  washed 
Avith  boiling  water,  in  which  it  is  little  soluble,  Avill  be  nearly  pure.  It 
may  be  rendered  perfectly  pure  by  solution  in  ammonia,  precipitation  by 
nitric  acid,  and  exposure  to  heat.  Molybdic  acid  may  also  be  procured 
by  roasting  the  powdered  native  sulphuret  at  a low  red-heat,  till  it  ceases 
to  give  out  sulphurous  acid;  the  residue,  by  digestion  in  ammonia,  affords 
a molybdate  of  ammonia^  which  may  be  purified  by  crystallization,  and 
decomposed  by  a moderate  heat  in  a platinum  crucible,  so  as  to  leave  the 
molybdic  acid. 

Molybdic  acid,  thus  procured,  is  a Avhite  poAvder,  of  the  specific 
gravity  3‘4t),  and  requiring,  according  to  Hatchett,  960  parts  of  boiling 
Avater  for  its  solution,  Avhich  is  yellow,  reddens  litmus,  but  has  no  sour 
taste.  Its  solubility  probably  differs  Avith  its  aggregation,  for  Bucholz 
found  it  soluble  in  about  500  parts  of  cold  water,  and  others  in  570  and 
600.  Heated  to  redness  in  an  open  vessel,  it  sloAvly  sublimes,  and  con- 
denses in  brilliant  yellowish  scales.  It  dissolves  in  hot  sulphuric  acid, 
forming  a solution,  Avhich  is  colorless  Avhile  hot,  but  on  cooling  acquires  a 
blue  color,  Avhich  is  heightened  by  the  addition  of  soda.  Its  hydrochloric 
solution  is  pale  yelloAvish-green,  but  becomes  blue  Avhen  saturated  by 
potassa.  (Hatchett,  Phil.  Trans..,  1796.) 

It  dissolves  in  the  alkalis,  forming  solutions  which  are  colorless,  and 
from  which  the  molybdic  acid  is  at  first  precipitated,  but  after Avards  dis- 
solved, by  the  stronger  acids.  Molybdic  acid  is  composed  of 
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Berzelius.  Bucliolz. 

Molybdenum  1 ....  48  ....  66  7 ....  OG-813  ....  67-5 

Oxygen  3 ....  24  ....  33*3  ....  33*387  ....  32'5 

Molybdic  acid 1 72  lOO'O  100-000  100*0 

Molybdate  of  Ammonia.  NH4  0,Mo03.  This  salt  is  obtained  by 
dissolving  molybdic  acid  in  excess  of  ammonia,  and  leaving  it  to  spon- 
taneous crystallization ; it  forms  square  prisms,  of  a pungent  metallic 
taste.  When  the  ammoniacal  solution  is  boiled  down,  it  affords,  on 
cooling,  a crystalline  mass  of  himolybdale  of  ammonia,  which,  by  spon- 
taneous evaporation,  maybe  obtained  in  rhombic  crystals  of  a pale  bluish- 
green  color,  and  difficultly  soluble  in  water.  Distilled  in  close  vessels 
this  salt  yields  water,  ammonia,  and  nitrogen,  and  leaves  brown  bin- 
oxide;  in  open  vessels  the  residue  is  molybdic  acid.  (Berzelius.) 

Molybdate  of  Potassa.  KO,Mo03,  is  formed  by  digesting  the  acid 
in  solution  of  potassa;  or  by  heating  to  redness  2 parts  of  nitre  with  1 of 
molybdic  acid,  and  lixiviating  the  mass.  Its  solution,  which  is  colorless, 
yields  small  rhomhoidal  crystals  by  evaporation,  and  affords  a precipitate 
of  molybdic  acid,  to  hydrochloric,  nitric,  and  sulphuric  acids.  When 
chlorine  is  passed  through  it,  a white  powder  falls,  difficult  of  solution  in 
cold  water,  but  instantly  dissolved  by  hot,  which  Berzelius  suspects  to  be 
a himolybdate. 

Molybdate  of  Soda.  NaO,Mo03,  is  more  soluble  than  molybdate 
of  potassa,  and  furnishes  permanent  and  transparent  crystals.  In  obtain- 
ing this  salt,  a deposit  of  a yellowish  powder  ensues,  which  is  probably  a 
himolybdate  of  soda. 

Molybdate  of  Lime.  CaO,Mo03,  is  thrown  down  in  the  form  of  an 
insoluble  powder,  when  alkaline  molybdates  are  added  to  solutions  of 
lime. 

Molybdate  of  Ba.ryta.  BaO,Mo03,  falls  in  the  form  of  a flocculent 
preci]3itate,  wdiich  collects  into  crystalline  grains,  when  molybdate  of 
ammonia  is  added  to  a solution  of  nitrate  of  baryta:  by  heat  it  acquires 
a blue  tint : it  dissoBes  in  nitric  and  hydrochloric  acids,  and  these  solu- 
tions deposit  it,  when  evaporated,  in  the  form  of  a crystalline  crust. 

Molybdate  of  Strontia.  SrO,Mo03,  is  insoluble  in  water. 

Molybdate  of  Magnesia.  MgO,Mo03,  is  soluble  in  water,  and 
forms  clusters  of  small  prismatic  crystals,  which  become  yellow  when 
heated,  and  lose  28  per  cent,  of  v.^ater:  it  dissolves  in  12  to  L5  times  its 
weight  of  water.  (Berzelius.) 

Molybdate  of  Manganese.  MnO,Mo03,  is  a brownish-white  and 
somewhat  soluble  powder.  (Richter.) 

IMolybdate  of  Protoxide  of  Iron  is  insoluble,  and  of  a dark-brown 
color.  (Sciieele.) 

Molybdate  of  Peroxide  of  Iron  is  a yellowish-brown  precipitate, 
decomposed  by  caustic  alkali. 
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Molybdate  of  Zinc  is  insoluble  in  lyater,  wliite,  pulverulent,  and 
soluble  in  tlie  stronger  acids.  It  is  obtained  by  mixing  the  solutions  of 
molybdate  of  ammonia  and  sulphate  of  zinc.  (Brandes.) 

Molybdate  of  Beroxtde  of  Tin  is  a grey  powder,  insoluble  in  water, 
soluble  in  caustic  potassa  and  in  hydrochloric  acid,  but  not  altered  by  nitric 
acid.  (Berzelius.) 

Molybdate  of  Cadmium.  When  solutions  of  molybdate  of  ammonia 
and  sulphate  of  cadmium  are  mixed,  a greyish-white  powder  is  thrown 
down,  which  when  gently  ignited  becomes  brown.  (Brandes.) 

JMolybdate  of  Cobalt  is  precipitated  of  a dirty-yellow  color,  but 
becomes  red  by  drying:  it  is  decomposed  by  the  alkalis  and  by  the 
stronger  acids.  (Berzelius.) 

Molybdate  of  Nickel  is  a pale-green  powder,  soluble  in  boiling 
ivater.  M^hen  molybdic  acid  is  added  to  nitrate  of  nickel,  a white  preci- 
pitate falls,  provided  there  is  no  excess  of  nitric  acid.  (Hatchett.) 

Molybdate  of  Lead.  PbO,Mo03.  This  compound  is  precipitated  in 
the  form  of  an  insoluble  powder,  on  mixing  solutions  of  molybdate  of  am- 
monia and  nitrate  of  lead ; it  is  of  a pale-yellow  color,  and  soluble  in  nitric 
acid  and  in  caustic  alkalis.  It  occurs  native^  crystallized,  and  of  different 
shades  of  yellow;  it  was  first  discovered  in  Carinthia,  and  has  since  been 
found  in  Mexico,  Hungaiy,  and  Saxony;  its  density  is  5*7 ; it  was 


analyzed  by  Hatchett. 

{Phil.  Trans..,  1796,  p.  323.)  It  consists  of 

Native. 

Artijicia'l. 

Hatchett.  Gohel. 

Berzelius. 

Oxide  of  lead 

1 .. 

..  112  . 

...  60*87  ....  60*4  ....  59-0  . 

...  64*42 

Molybdic  acid 

1 .. 

..  72  ., 

...  39*13  ....  39*6  ....  40-5  .. 

..  35*58 

Molybdate  of  lead 

1 

184 

100  00  100  0 1000 

100*00 

Molybdate  of  Copper  is  yellow-green,  difficultly  soluble  in  water, 
and  easily  decomposed  by  acids  and  alkalis.  (Berzelius.) 

Molybdate  of  Uranium  is  a pale-yellow  powder,  soluble  in  the 
stronger  acids  and  in  carbonate  of  ammonia;  when  heated  it  becomes 
blue:  it  is  obtained  by  adding  molybdate  of  ammonia  to  persulphate  of 
uranium:  it  consists  of  43*75  molybdic  acid -f- 56*25  peroxide  of  uranium. 
(Brandes.) 

Protochloride  of  Molybdenum.  MoCl.  When  the  vapor  of  bichlo- 
ride of  molybdenum  is  passed  over  molybdenum  heated  nearly  to  redness, 
a deep  red  compound  is  obtained,  which  yields  a crj^stalline  sublimate 
when  heated  in  an  open  tube:  it  is  insoluble  in  water,  but  is  decomposed 
by  solution  of  potassa,  yielding  pure  hydrated  protoxide  of  molybdenum. 
Berzelius  states  that  the  suhlimate  formed  in  vacuo  dissolves  in  water. 
T1  lis  chloride  forms  double  salts  with  sal-ammoniac,  and  ivith  chloride  of 
potassium. 

Bichloride  of  Molybdenum.  M0CI2.  This  compound  is  formed 
by  heating  metallic  molybdenum  in  pure  and  dry  chlorine ; the  metal 
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burns,  and  a red  vapor  dlls  tlie  retort,  wliicli  condenses  into  crystals  resem- 
bling iodine  ; they  are  fusible,  volatile,  and  in  the  air  first  fume  a little, 
and  then  deliquesce  into  a black  liquid,  'which  changes  color  in  proportion 
to  the  water  it  absorbs,  becoming  blue-green,  green-yellow,  dark-red,  rose- 
colored,  and  lastly,  yellow.  AVhen  the  crystals  are  thrown  into  water, 
much  heat  is  evolved ; if  the  solution  be  dilute,  it  becomes  green  or  blue 
in  consequence  of  oxidizement.  This  chloride  forms  a double  ammonio- 
chloride  of  molijhdennm  with  sal-ammoniac,  but  does  not  combine  with  the 
chlorides  of  potassium  or  sodium.  (Berzelius.) 

Percitloride  of  Molybdenum.  When  a current  of  chlorine  is  passed 
over  gently-heated  binoxide  of  molybdenum,  a yellowish  crystalline  sub- 
limate is  formed,  and  molybdic  acid  remains  in  the  tube:  this  compound 
is  less  volatile  than  the  bichloride,  but  it  rises  in  vapor  at  a temperature 
below  redness : it  does  not  fuse.  It  readily  dissolves  in  water,  and  is 
soluble  in  alcohol:  its  taste  is  sharp,  astringent,  and  afterwards  sour. 
(Berzelius.)  According  to  H.  Rose  {A  nn.  Ch.  et  Ph.,  Lxvi.  218),  this 
is  a compound  of  molybdic  acid  with  perchloride  of  molybdenum  = 
MoCl3,2Mo03. 

Iodides  of  Molybdenum.  Iodine  has  no  action  on  metallic  molyb- 
denum at  any  temperature.  Protiodide  of  Molybdenum  may  be  formed 
by  dissolving  the  protoxide  in  hydriodic  acid.  Bmiodide  of  Molyhdenmn 
is  produced  when  the  binoxide  is  dissolved  in  hydriodic  acid : the  solu- 
tion yields  dark  red  crystals  on  evaporation. 

Bromide  of  Molybdenum  has  not  been  examined. 

Fluorides  of  Molybdenum.  Protofuoride  of  Molybdenum  is  formed 
by  dissolving  the  hydrated  protoxide  in  hydrofluoric  acid;  a dark-purple 
solution  is  obtained,  which  by  veiy  careful  evaporation  leaves  a purple 
viscid  residue;  at  a higher  temperature  it  becomes  bro'wn,  and  loses  its 
perfect  solubility  in  v'ater:  it  forms  compounds  with  ammonia,  and  with 
the  fluorides  of  potassium  and  sodium.  Bifuoride  of  Molybdenum  is 
formed  by  saturating  hydrofluoric  acid  with  the  binoxide : on  evapora- 
tion a black  crystalline  compound  is  obtained,  'which  yields  a red  aqueous 
solution:  it  forms  double  salts  with  ammonia,  potassium,  and  sodium. 
Perfuoride  of  Molybde?ium  is  the  result  of  the  solution  of  molybdic  acid 
in  h3’drofluoric  acid ; it  yields,  on  evaporation,  a yellow  uncrystallizable 
residue,  which  easily  acquires  a blue  tinge  from  dust,  or  other  reducing 
agents. 

^Molybdenum  and  Sulphur.  There  are  three  .miphurets  of  molyb- 
denum^ two  of  which  correspond  with  the  binoxide  and  wdth  molybdic 
acid,  and  the  third  contains  4 equivalents  of  sulphur;  no  proio  sulphur  el., 
corresponding  Avith  the  protoxide,  has  as  yet  been  formed. 

Bisulpiiuret  of  Molybdenum,  ]MoS2,  is  produced  artificially  by  in- 
tensely heating  a mixture  of  molybdic  acid  and  sulphur,  out  of  the  con- 
tact of  air.  It  forms  the  native  sulphurei,  and  consists  of 

Bucliolz.  Brandes. 

ISIolybdenum  1 ....  43  ....  GO  ....  GO  ,...  OO'G 

Sulphur  2 ....  32  ....  40  ....  40  ....  40*4 


Bisulphuret  of  molybdenum  1 


80 


100 


100 


100-0 
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Native  Sulphiirei  of  Molybdenum  is  found  in  Bohemia,  Sweden,  and 
near  Mont  Blanc,  disseminated  in  a grey  granite.  It  also  occurs  in 
England,  chiefly  in  Cornwall ; and  in  Scotland,  in  Inverness-shire.  Its 
sp.  gr.  is  about  4*25.  It  is  found  exclusively  in  primitive  rocks ; gene- 
rally in  granite,  and  with  quartz:  it  rarely  occurs  crystallized;  generally 
massive,  and  in  easily-separable  laminte : it  is  soft  and  unctuous  to  the 
touch,  and  in  color  much  like  lead;  infusible,  and  unchanged  by  heat 
when  air  is  excluded.  Digested  in  nitrohydrochloric  acid  it  yields 
inolybdic  and  sulphuric  acids:  boiled  with  sulphuric  acid,  sulphurous  acid 
is  evolved,  and  a blue  solution  formed:  nitric  acid  oxidizes  without  dis- 
solving it. 

Tersulphuret  of  Molybdenum,  MoSs,  is  obtained  by  saturating  a 
strong  solution  of  a molybdic  salt  with  sulphuretted  hydrogen,  and  then 
adding  hydrochloric  acid ; a dark-brown  precipitate  falls,  which  becomes 
black  on  drying,  and  which,  when  heated  in  close  vessels,  gives  off  sul- 
phur, and  becomes  bisulphuret : it  dissolves  slowly  in  the  caustic  alkalis, 
and  more  easily  in  the  alkaline  hydrosulphurets.  It  consists  of 


Berzelius. 

Molybdenum  1 ....  48  ....  50  ....  49*72 

Sulphur  3 ....  48  ....  50  ....  50*28 


Tersulphuret  of  molybdenum  ....  1 96  100  100*00 

This  sulphuret  combines  with  the  sulphurets  of  the  electro-positive 
metals  (alkaline  bases),  and  forms  a class  of  sulphur-salts^  which  may  be 
called  molybdo-tersulphurets.  The  Molyhdo-ter sulphuret  of  Potassitirn^ 
KS,MoS3,  is  formed  by  saturating  molybdate  of  potassa  by  sulphuretted 
hydrogen,  and  evaporating;  it  forms  prismatic  crystals  of  a beautiful  green 
and  iridescent  lustre:  by  transmitted  light  they  are  ruby  red,  soluble  in 
water,  and  insoluble  in  alcohol ; on  the  addition  of  the  stronger  acids, 
sulphuretted  hydrogen  is  evolved,  tersulphuret  of  molybdenum  is  precipi- 
tated, and  a salt  of  potassa  remains  in  solution.  This  salt  is  anhydrous^ 
and  consists  of 

Berzelius. 

Sulphuret  of  potassium  1 ....  56  ....  36*8  ....  35*57 

Tersulphuret  of  molybdenum  1 ....  96  ....  63*2  ....  64*43 

Molybdo-tersulphuret  of  potassium  1 152  100*0  100*00 

Similar  soluble  molybdo-tersulphurets  may  be  formed  Avith  sulphurets 
of  sodium  and  lithium,  and  Avith  those  of  barium,  strontium,  and  calcium; 
and  several  insoluble  molybdo-tersulphurets  are  obtained  by  double  decom- 
position. (Berzelius.) 

Tersulphuret  of  Molybdenum.  Quadrisulphuret  of  Molyb- 
denum. MoS4.  This  compound  is  obtained  as  folloAvs : saturate  bimo- 
lybdate of  potassa  Avith  sulphuretted  hydrogen,  and  boil  the  resulting 
turbid  solution  for  some  hours  in  a retort ; Avhen  it  cools,  a black  light 
powder,  and  red  crystalline  scales,  are  deposited,  Avhich  must  be  separated 
as  far  as  possible ; the  red  crystalline  deposit  is  then  AAmshed  upon  a filter 
AA'ith  Avater,  till  the  Avashings  no  longer  afford  a red  (not  a broAvn)  preci- 
pitate Avith  hydrochloric  acid ; the  residue  upon  the  filter  is  then  treated 
by  boiling  Avater,  and  the  dark-red  solution  Avhich  filters  through  is 
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decomposed  by  excess  of  hydrocliloric  acid;  a bulky  dark-red  or  brown 
precipitate  falls,  which,  when  washed  and  dried,  shrinks,  acquiring  a grey 
lustre,  and  giving  a cinnamon-brown  powder.  It  consists  of 


Bcrzcli  US 

Molybdenum ] ....  43  ....  42-86  ....  42-58 

Sulphur 4 ....  64  ....  57-14  ....  57-42 


Persulphuret  of  molybdenum  1 112  100-00  100-00 

This,  like  the  tersulphuret,  combines  with  the  protosulphurets  of  the 
electro-positive  metals,  and  forms  molyhdo-persiilpJmrets ; they  are  rarely 
crystallizable,  and  have  a red  or  orange  color. 

Salts  of  the  Oxides  of  Molybdenum.  There  are  three  classes  of 
these  salts;  those  of  the  protoxide;  of  the  binoxide;  and  of  molyhdic  acid. 

1.  The  salts  of  the  are  black  or  deep  purple ; they  have  a 

purely  astringent  taste.  2.  The  salts  of  the  binoxide.,  when  anhydrous, 
are  nearly  black,  but  red  when  they  contain  water  of  crystallization:  their 
solutions  have  an  astringent,  sourish,  and  metallic  taste ; they  are  ren- 
dered brown  by  infusion  of  galls,  and  a grey-brown  precipitate  falls;  fer- 
rocyariide  of  potassium  occasions  a dark-brown  precipitate,  which  is  inso- 
luble in  excess  of  the  precipitant.  They  are  rendered  black  by  an 
immersed  plate  of  zinc,  and  a black  zinciferous  protoxide  of  molybdenum 
falls.  3.  The  molybdic  acid.,  before  it  has  been  heated,  is  soluble  in  the 
other  acids,  and  produces  a class  of  compounds  which,  in  some  of  their 
characters,  resemble  salts;  but  they  combine  with  the  alkalis  in  the  man- 
ner of  a double  acid. 

There  is  also  a class  of  molybdic  compounds  of  a deep-blue  color ; 
they  are  double  salts,  the  basis  of  which  is  a compound  of  the  binoxide 
with  molybdic  acid;  the  sulphate  thus  formed  is  deep -blue,  but  becomes 
quite  colorless  when  diluted  with  3 or  4 parts  of  water. 

Before  the  blow-pipe  molybdic  acid  melts  upon  charcoal  with  ebulli- 
tion, and  is  absorbed.  In  a platinum  spoon  it  emits  white  fumes,  and  is 
reduced  in  the  interior  flame  to  molybdic  oxide,  which  is  blue,  but  in  the 
exterior  flame  it  is  again  oxidated  and  becomes  white.  With  microcosmic 
salt,  in  the  exterior  flame,  a small  proportion  of  the  acid  gives  a green 
glass,  which  by  gradual  additions  of  the  acid  passes  through  yellow-green 
to  reddish,  brownish,  and  hyacinth-brown,  with  a slight  tinge  of  green. 
In  the  interior  flame  the  color  passes  from  yellow-green,  through  y^ellow- 
brown,  and  brown-red,  to  black ; and  if  the  proportion  of  acid  be  large, 
it  acquires  a metallic  lustre,  like  the  sulphuret,  which  sometimes  remains 
after  the  glass  has  cooled.  Molybdic  acid  is  but  sparingly  dissolved  by 
borax.  In  the  exterior  flame  the  glass  acquires  a grey-yellow  color.  In 
the  interior  flame  black  particles  are  precipitated  from  the  clear  glass, 
leaving  it  almost  colorless  when  the  quantity  of  molybdenum  is  small, 
and  blackish  when  the  proportion  is  large.  If,  to  a glass  formed  of  this 
acid  and  microcosmic  salt,  a little  borax  be  added,  and  the  mixture  fused 
ill  the  exterior  flame,  the  color  becomes  instantly  reddish-broAvn  : in  the 
interior  flame  the  black  particles  are  also  separated,  but  in  smaller  quan- 
tity. By  long-continued  heat  the  color  of  the  glass  is  diminished,  and  it 
appears  yellower  by  the  light  of  a lamp  than  by  day-light.  I his  acid  is 
not  reduced  by  soda  in  the  interior  flame. 
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§ XXVL  CHROMIUM.  Cr.  28. 

Chromium  was  cliscoyerecl  by  Yanquelln  in  1797*  It  ’'vas  named 
from  '^pco/ma,  coloi\  on  account  of  its  tendency  to  produce  colored  com- 
pounds. Its  two  natiAm  combinations  are  the  chromate  of  lead.,  in  udiicli 
tlie  metal  was  originally  discovered  [Ann.  de  Ch..,  xxv.  and  lxx.),  and  the 
chromite  of  iro?i^  wbicli  is  a compound  of  the  oxides  of  chromium  and 
iron,  found  abundantly  at  Unst,  in  Shetland,  and  in  several  parts  of 
Europe  and  America.  It  also  occurs  in  small  proportion  as  the  coloring 
matter  of  several  minerals. 

IMetallic  chromium  may  be  obtained  by  intensely  igniting  its  oxide  Avith 
about  a tenth  of  its  Aveight  of  charcoal,  but  the  reduction  is  difficult  and 
imperfect.  According  to  Dumas  the  color  of  chromium  resembles  that  of 
platinum  ; it  scratches  glass,  and  takes  a good  polish ; he  could  not 
succeed  in  fusing  it  into  a button,  but  only  obtained  it  in  a sjiongy  mass 
superficially  fused,  though  the  furnace  AAffiich  he  employed  Avas  adequate 
to  the  fusion  of  a pound  of  soft  iron  in  fifteen  minutes.  MYien  pure  it  is 
not  magnetic.  Its  density  is  5 '9.  The  properties  of  chromium  vary 
much  Avith  its  state  of  aggregation,  it  being  susceptible  of  Avhat  Berzelius 
terms  tAAm  allotropic  conditions:  obtained  in  a finely  divided  state  by  the 
action  of  potassium  on  sublimed  chloride  of  chromium,  the  metal  is  pul- 
verulent, burns  Avhen  gently  heated  into  green  oxide,  and  is  energetically 
acted  on  by  most  of  the  acids:  whereas  AAdien  obtained  by  the  usual 
modes  of  reduction,  it  is  comparatively  indifferent  to  the  action  of  poAverful 
reagents.  The  equivalent  of  chromium  may  be  assumed  as  28. 

Chromium  and  Oxygen.  According  to  Peligot,  there  are  five  oxides 
of  chromium,  Avhich  he  represents  as  isomorphous  Avith  the  corresponding 
oxides  of  iron,  {Ann,  Ch.  et  Ph.,,  Dec.  1844),  namely,  (1.)  Protoxide^ 
CrO.  (2.)  Deutoxide,,  Cr3  04.  (3.)  Binoxide,  Cr02,  AAffiich  may  also  be 

regarded  as  a chromate  of  the  sesquioxide,  or  as  Cr2  03,Cr03.  (4.)  Ses- 

quioxide,  Cr2  03.  (5.)  Chromic  Acid^  CrOs. 

Protoxide  of  Chromium,  CrO,  is  obtained  in  the  form  of  a broAvn 
hydrate  by  the  action  of  potassa  on  the  corresponding  pro/oc/z/orf<ic;  it  is 
extremely  unstable,  and  passes  by  the  action  of  air  into  the  above- 
mentioned  deuioxide^  Avhich  is  isomorphous  Avith  the  magnetic  oxide  of 
iron. 

Sesquioxide  OF  Chromium.  Cr2  03.  {Green  oxide  or  protoxide  of 
several  authors.)  There  are  several  modes  of  obtaining  this  oxide:  (1.) 
AVhen  metallic  chromium,  in  a finely  divided  state,  is  exposed  to  the 
action  of  heat  and  air,  it  combines  Avith  oxygen,  and  this  oxide  is  formed. 
AYhen  steam  is  passed  over  the  metal  at  a red-heat,  hjxlrogen  is  evolved, 
and  the  green  sesquioxide  formed.  (2.)  When  chromate  of  mercurij  is 
lieated  to  redness,  mercury  and  oxygen  are  given  off,  and  a j)ure  green 
oxide  remains.  (3.)  It  may  be  obtained  by  calcining  a mixture  of  equal 
parts  of  chromate  (f  potassa  and  sulphur  in  a close  earthen  crucible,  at  a 
red-heat,  and  Avashing  the  green  mass  Avhich  is  produced,  to  dissolve  out 
the  sulphate  and  sulphiiret  of  potassium;  the  oxide  of  chromium  remains. 


OXIDES  OF  CHROMIUM. 


943 


and  is  rendered  pure  by  repeated  wasliings.  (Ann.  Ch.  cl  Ph.,  xiv.  299.) 
(4.)  P>y  digesting  cliromate  of  lead  in  a mixture  of  liydrocliloric  acid  and 
alcohol,  chloride  of  lead  is  thrown  down,  and  sesquichloride  of  chromium 
remains  in  solution  ; it  may  be  precipitated  in  the  state  of  carhonale  of 
chromium  by  carbonate  of  potassa,  and  this  precipitate  washed,  and  heated 
red-hot,  yields  the  pure  sescpuioxide.  (5.)  Chromate  of  potassa  may  be 
dissolved  in  excess  of  hydrochloric  acid,  and  sulphuretted  hydrogen  passed 
through  the  solution,  which  reduces  the  chromic  acid  to  oxide,  the  hydro- 
chloric solution  of  Avhich  may  be  decomposed  as  above.  (6.)  Chromate  of 
potassa  may  be  boiled  with  hydrochloric  acid  and  alcohol,  by  which,  as  in 
the  case  of  chromate  of  lead,  a solution  of  sesquichloride  of  chromium  is 
obtained:  the  oxide  may  then  be  thrown  down  either  by  ammonia  or  by  an 
alkaline  carbonate,  and  the  resulting  hydrate  or  carbonate  may  be  reduced 
to  the  state  of  pure  oxide  by  calcination.  (7.)  When  chromate  of  lead  is 
heated  in  a crucible  coated  with  charcoal,  oxide  of  chromium  and  metallic 
lead  are  obtained:  they  may  be  separated  by  triturating  the  mass  and 
sifting  it,  when  the  lead  remains  upon  the  sieve.  (8.)  A mixture  of  equal 
parts  of  bichromate  of  potassa  and  sal-ammoniac,  wdien  calcined,  yields  a 
green  mass,  Avhich,  when  w'ell  washed,  leaves  sesquioxide  of  chromium:  in 
this  case  K0,2Cr03  -f-  NIl4  Cl  ==  Cr2  03,K01,4H0,N.  (9.)  When  the 

vapor  of  chlorochromic  acid  is  passed  through  a white-hot  tube,  chlorine 
and  oxygen  are  disengaged,  and  the  tube  becomes  lined  with  crystals  of 
sesquioxide  of  chromium  : 2[Cr03,Cl]  give  Cr2  03,201,30.  These  crys- 
tals are  of  so  deep  a green  as  to  appear  nearly  black;  their  lustre  is 
metallic,  and  they  are  so  hard  as  to  scratch  glass;  their  density  is  5‘21. 
(Wohler.)  Sescjuioxide  of  chromium  is  of  a green  color,  the  shades  of 
which  are  deeper  in  proportion  to  the  temperature  to  which  it  has  been 
exposed ; it  is  infusible  and  unchanged  by  heat.  When  obtained  by  gently 
drying  the  hydrate,  and  heated  nearly  red-hot  in  a crucible,  it  suddenly 
becomes  ignited  throughout,  without  either  gaining  or  losing  weight: 
this  occurs  in  close  as  well  as  in  open  vessels ; when  cool  it  has  a fine 
green  color,  and  has  become  insoluble  in  the  acids.  To  render  it  again 
soluble,  it  must  be  digested  in  concentrated  sulphuric  acid,  or  fused  with 
caustic  potassa,  or  with  nitre.  In  this  respect  it  resembles  zirconia  and 
titanic  acid.  It  is  converted  into  chromic  acid  by  deflagration  with  nitre. 
Fused  with  vitrifiable  substances,  and  especially  with  borax,  it  confers 
upon  them  a characteristic  green  color:  hence  its  use  in  porcelain  and 
enamel  painting. 

Hydrated  Sesquioxide  of  Chromium.  When  this  oxide  is  precipitated 
from  its  acid  solutions  by  the  caustic  fixed  alkalis,  it  falls  in  the  form  of 
a bulky  green  powder,  slightly  soluble  in  excess  of  the  alkali,  but  again 
thrown  down  on  boiling  the  solution:  in  this  state  it  is  a hydrate.  ' It  is 
sparingly  dissolved  by  excess  of  ammonia,  forming  a red  solution.  It  may 
be  best  obtained  by  adding  a mixture  of  equal  parts  of  hydrochloric  acid 
and  alcohol,  in  small  portions,  to  a boiling  solution  of  chromate  of  potassa, 
until  the  liquid  acquires  a pure  green  color;  when  cold,  excess  ot  am- 
monia is  added,  which  precipitates  the  oxide  combined  with  a large  rela- 
tive proportion  of  water;  and  in  this  state  it  readily  dissolves  in  the  acids. 
(Thomson.)  According  to  Hertwig,  the  precipitate  formed  by  ammonia 
in  the  solutions  of  the  sesquioxide  of  chromium  is  never  a pure  hydrated 
oxide,  but  retains,  after  having  been  washed  by  boiling  water,  a variable 
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proportion  of  ammonia,  wliicli  may  be  expelled  by  potassa:  lie  lias  de- 
scribed a green  and  a violet  modification  of  this  precipitate.  {A?in.  cler 
Pharm.^  xLv.  299.) 

When  tartaric  acid  is  added  to  the  aqueous  solution  of  chromate  of 
potassa,  it  causes  an  effervescence,  and  the  solution  becomes  green  in 
consequence  of  the  conversion  of  the  chromic  acid  into  sesquioxide:  the 
addition  of  ammonia  now  throws  down  a bulky  green  tasteless  powder, 
readily  soluble  in  acids,  which  is  the  hjMrated  oxide ; when  heated,  it 
loses  as  much  as  thirteen-fifteenths  of  its  weight  of  water,  leaving 
two-fifteenths  of  dry  oxide,  of  a green  color,  but  difficultly  soluble. 
According  to  Thomson,  this  therefore  contains  a larger  quantity  of  water 
than  any  other  metallic  hydrate.  According  to  Trommsdorf,  this  hydrate, 
dried  at  212*^,  retains  26  per  cent,  of  water,  and  is  Cr2  03,3H0. 

The  sesquioxide  consists  of 


Berzelius. 

Chromium 2 ....  56  ....  70  ....  70’11 

Oxygen 3 ....  24  ....  30  ....  29'89 


Sesquioxide  of  chromium  1 80  100  100*00 

Native  Sesquioxide  of  Chromium  has  been  found  in  France,  in  the 
department  of  the  Rhone,  in  the  form  of  a green  incrustation.  It  is  the 
coloring  matter  of  the  emerald,  and  exists  in  a few  other  minerals,  such 
as  diallage  and  some  varieties  of  serpentine.  This  oxide  generally 
occurs  combined  or  mixed  with  silica  and  alumina,  the  richest  specie 
mens  containing  not  more  than  13  per  cent, : their  shades  of  green  vary 
accordingly. 

Binoxide  of  Chromium.  Cr02.  When  nitrate  of  chromium  is 
decomposed  at  a dull  red-heat,  an  insoluble  hrown  hinoxide  is  formed. 
When  heated  with  hydrochloric  acid,  chlorine  is  evolved.  According  to 
Berzelius,  when  a solution  of  chromic  acid  in  sulphuric  acid  is  digested 
with  the  hydrated  green  oxide  of  chromium,  a brown  solution  is  obtained, 
from  which  the  binoxide,  in  the  state  of  hydrate,  is  precipitated  by  the 
caustic  alkalis : he  says  that  it  dissolves  in,  and  gives  distinct  salts  with 
the  acids,  distinguished  from  the  sesquisalts  by  their  brown  color,  and 
convertible  into  them  by  deoxidizing  agents.  At  a bright  red-heat  this 
oxide  loses  oxygen,  and  becomes  sesquioxide,  so  that  it  is  difficult  to 
obtain  it  pure,  for  if  the  nitrate  be  not  adequately  heated,  the  product 
contains  nitric  acid;  and  if  overheated,  oxide  of  chromium.  According  to 
Dobereiner,  this  oxide  may  be  regarded  as  a chromate  of  the  sesquioxide, 
or  Cr2  03,Cr03. 

Chromic  Acid.  Peroxide  of  Chromium,  Cr03,  Chromic  acid 
may  be  procured  by  the  following  processes:  (I.)  Mix  4 parts  of  chro- 
mate of  lead  with  3 of  finely-powdered  and  pure  fluor-spar  (previously 
heated  red-hot),  and  5 of  concentrated  sulphuric  acid;  introduce  this 
mixture  into  a distillatory  apparatus  of  lead  or  platinum,  and  gently 
heated ; a red  vapor  is  liberated,  which  is  conducted  into  distilled  water 
contained  in  a vessel  of  platinum;  it  is  thus  condensed  into  a dark  orange- 
colored  liquid;  the  red  vapor  is  afuoride  of  chromium,  and  is  resolved  by 
water  into  hydrofluoric  and  chromic  acids,  the  solution  of  which,  evapo- 
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rated  in  a platinum  vessel,  leaves  pure  chromic  acid.  If,  instead  of  con- 
ducting the  vapor  into  water,  it  be  received  into  a platinum  vessel,  con- 
taining pieces  of  moist  blotting-paper,  it  is  decomposed  as  before,  but  the 
chromic  acid  is  deposited  in  beautiful  silky  acicular  crystals,  which  soon 
deliquesce.  (Unverdorben.)  (2.)  Decompose  a hot  concentrated  solu- 
tion of  bichromate  of  potassa  by  fluosilicic  acid  : the  chromic  acid,  after 
being  separated  from  the  sparingly-soluble  fluosilicate  of  potassium,  is 
evaporated  to  dryness  in  a platinum  capsule,  and  then  redissolved  in  the 
smallest  possible  quantity  of  water:  by  this  means  the  last  portions  of  the 
fluosilicate  are  rendered  insoluble,  and  the  chromic  acid  may  he  separated 
by  decantation.  The  acid  must  not  be  filtered  in  this  concentrated  state, 
as  it  then  corrodes  paper  like  sulphuric  acid,  and  is  converted  into  bin- 
oxide,  or  into  a chromate  of  the  green  oxide.  When  it  is  wished  to  prepare 
a large  quantity  of  chromic  acid  by  this  process,  porcelain  vessels  may  be 
employed  in  the  first  part  of  the  operation,  provided  care  be  taken  to  add 
a quantity  of  silicated  fluoric  acid,  not  quite  sufficient  for  precipitating 
the  whole  of  the  potassa.  (Maus.)  (3.)  Take  100  measures  of  a cold 
saturated  solution  of  bichromate  of  potassa  (prepared  by  boiling,  and  then 
allowing  the  solution  to  cool  and  deposit  its  excess  of  salt),  and  add  to 
this  from  120  to  150  measures  of  concentrated  sulphuric  acid  (free  from 
lead).  The  mixture,  on  cooling,  gradually  deposits  dark  crimson  needles 
of  chromic  acid:  decant,  and  place  the  crystals  on  a thick  flat  tile  of 
biscuit  porcelain;  another  tile  is  then  to  be  placed  on  the  crystals,  and 
the  whole  submitted  to  pressure  for  a considerable  time.  On  removing 
the  chromic  acid,  it  will  he  found  dry,  and  retaining  scarcely  a trace  of 
sulphuric  acid.  (Warington.)  (4.)  According  to  Schrbtter,  the  acid 
obtained  by  Warington’s  process  retains  from  6 to  7 cent,  of  potassa, 
and  0*7  of  sulphuric  acid;  he  gives  the  following  as  yielding  a purer  acid: 
2 parts  of  concentrated  sulphuric  acid  are  added  to  1 of  dry  chromate  of 
lead,  and  in  about  twelve  hours  the  decomposition  is  complete,  and  on 
adding  water  sulphate  of  lead  remains,  and  a red  solution  of  chromic, 
with  some  sulphuric  acid,  is  obtained,  which  is  evaporated  in  a retort, 
and  on  cooling  crystals  of  chromic  acid  are  deposited,  which,  when  dried 
on  absorptive  tiles,  only  retain  about  1*2  per  cent,  of  sulphuric  acid,  not 
chemically  combined.  {^Chem.  Gcie..^  Oct.  1843.)  (5.)  Balmain  obtains 

chromic  acid  by  decomposing  chromate  of  mercury  or  of  silver  by  an  equi- 
valent of  hydrochloric  acid.  {Chem.  Gaz..,  Nov.  1843.) 

Chromic  acid  is  of  a scarlet  color,  becoming  darker  when  heated;  its 
taste  is  sour  and  metallic;  it  tinges  the  cuticle  yellow;  it  may  he  obtained 
from  its  aqueous  solution  in  deliquescent  hut  anhydrous  prismatic  ciys- 
tals,  of  a ruby  color:  heated  to  redness  it  gives  out  oxygen,  and  leaves 
sesquioxide;  it  is  energetically  acted  on  and  converted  into  oxide  by 
ammonia.  It  dissolves  in  alcohol,  and  the  solution  gradually  deposits 
green  oxide.  It  is  a powerful  oxidizing  and  bleaching  agent,  yielding  half 
its  oxygen  to  oxidizahle  bodies,  and  being  reduced  to  sesquioxide,  2Cr03 
=Cr2  03-l-03:  hence  a mixture  of  bichromate  of  potassa  and  sulphuric 
acid  is  frequently  resorted  to  as  a means  of  oxidizing  organic  bodies.  The 
aqueous  solution  of  chromic  acid  is  decomposed  by  the  sun  s rays,  and 
deposits  the  oxide.  Chromic  acid  appears  to  he  the  coloring  matter  of 
the  ruby.  In  combination  with  oxide  of  tin  it  forms  a pink  color  used 
in  porcelain  painting.  {A?in.  Ch.  et.  Fh.y  Lxi,  433.)  The  salts  of  chromic 
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acid  are  said  to  Le  isomorplious  with  those  of  the  sul|)huric  and  selenic 
acids.  This  acid  is  composed  of 


Berzelius. 

Chromium 1 ....  28  ....  53*85  ....  53*98 

Oxygen  3 ....  24  ....  46*15  ....  46*02 


Chromic  acid 1 52  100*00  100*00 


f/'-  Chromate  of  Ammonia,  NH4  0,Cr03,  is  formed  by  saturating  am- 
monia with  chromic  acid,  and  concentrating  the  solution  over  sulphuric 
acid  in  vacuo ; it  forms  yellow  crystals,  very  soluble  and  having  an 
alkaline  reaction.  When  slowly  heated  it  passes  into  green  oxide;  rapidly 
heated  this  change  ensues  with  ignition. 

Bichromate  of  Ammonia  is  produced  when  the  solution  of  the  pre- 
ceding salt  is  concentrated  on  a sand-heat;  it  forms  red  crystalline  plates, 
resulting  from  an  oblique  rhombic  prism  (Brooke,  A?i?i.  qf  PhiL^  2nd 
Series,  vi.  287),  Rud  which  include  3 atoms  of  water.  (Thomson.)  ^V^hen 
heated  below  redness  it  is  decomposed  with  slight  deflagration. 

Chromate  of  Potassa.  KO,Cr03.  This  salt  is  prepared  by 
exposing  a mixture  of  4 parts  of  powdered  native  chromite  of  iron  with 
1 of  nitre,  to  a strong  heat  for  some  hours,  and  washing  out  the  resulting 
soluble  matter : the  process  is  repeated  till  the  ore  is  decomposed.  The 
washings  yield  chromate  of  potassa  by  evaj)oration.  Dumas  directs  equal 
parts  of  nitre  and  of  the  pulverized  ore  to  be  heated  gradually  to  redness; 
by  which  chromate,  silicate,  aluminate,  and  sometimes  manganesate  of 
potassa,  are  produced,  forming  a porous  mass : the  oxide  of  iron  is  set 
free;  the  chromate  of  potassa  is  washed  out,  and  the  residue,  which  still 
contains  chromium,  may  be  digested  in  dilute  hydrochloric  acid,  which 
dissolves  the  oxide  of  iron  and  alumina,  and  again  heated  with  nitre. 
The  washings  are  to  be  exactly  neutralized  by  nitric  acid,  which  separates 
the  alumina  and  silica  on  evaporation ; the  crystals  of  chromate  are  then 
separated  from  those  of  nitrate  of  potassa,  and  purified  by  recrystalliza- 
tion. Dumas  observes  that  the  chromates  might  be  abundantly  obtained 
at  a moderate  price  if  the  American  chromates  of  iron  were  decomposed 
there  by  the  nitrate  of  soda  of  Peru.  According  to  Nasse  the  decom- 
position of  the  native  chromite  is  more  perfectly  effected  by  heating  a 
mixture  of  3 parts  of  it  in  fine  powder  with  4 of  nitre  and  2 of  tartar : 
the  fused  mass  should  be  kept  at  a red-heat  for  three  hours,  pulverized 
and  lixiviated ; the  residue  being  again  similarly  treated.  Chromate  of 
potassa  is  often  prepared  by  neutralizing  the  commercial  bichromate  with 
carbonate  of  potassa. 

Chromate  of  potassa  forms  yellow  crystals,  the  primary  form  of  which 
is  a right  rhombic  prism.  (Brooke,  Arm.  of  P/iil.^  2nd  Series,  vi.  120.)  It 
has  a disagreeable  metallic  taste.  It  is  extremely  soluble  in  boiling  water. 
At  60°,  100  parts  of  ’water  dissolve  about  48  of  the  salt.  It  is  insoluble 
in  alcohol.  Its  specific  gravity  is  2*6  to  2’7.  It  is  anhydrous  : its  color- 
ing powder  is  so  great,  that  1 part  gives  color  to  40,000  of  Avater. 
(Thomson.)  If  I grain  be  dissolved  with  20  of  nitre,  and  the  solution 
evaporated,  the  crystals  of  nitre  are  almost  as  yellow  as  those  of  the 
chromate.  When  heated  to  400°,  it  acquires  a crimson  color,  but  be- 
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comes  again  yellow  on  cooling.  When  fused,  it  crystallizes  on  cooling, 
hut  is  not  decomposed  except  in  contact  of  carbonaceous  matter,  when 
carbonate  of  potassa  and  oxide  of  chromium  are  produced.  When  chlorine 
is  passed  over  chromate  of  potassa  at  a red-heat,  in  a porcelain  tube, 
chloride  of  potassium  and  oxide  of  chromium  are  formed  ; the  latter 
crystallized  in  brilliant  lamina;  of  a green  or  brown  color,  dependant  upon 
temperature.  When  the  salt  is  mixed  with  charcoal  and  exposed  to  the 
action  of  chlorine  at  a high  temperature,  anhydrous  chloride  of  chromium 
volatilizes,  and  a crystalline  rose-colored  salt  remains,  which  is  a double 
chloride  of  chromium  and  potassium.  (Fremy,  Journ.  de  Pharm.^  Feb., 
1844.)  Heated  with  acetic  acid  and  alcohol  chromate  of  potassa  is 
converted  into  acetate  of  potassa,  and  acetate  of  oxide  of  chromium. 
(Tassaert,  Ann.  Ch.  et  Ph.,  xxii.  51.)  As  it  occurs  in  commerce  it  is 
sometimes  mixed  with  sulphate  of  potassa;  the  adulteration  may  be 
detected  by  acidulating  the  solution  of  the  chromate  with  nitric  acid,  and 
testing  by  nitrate  of  baryta,  when  insoluble  sulphate  of  baryta  falls.  If 
the  chromate  be  mixed  with  chloride  of  potassium,  the  same  acidulated 
solution  will  yield  a white  insoluble  precipitate  with  nitrate  of  silver. 

When  solutions  of  chromate  of  potassa  and  protosulphate  of  manga- 
nese are  mixed,  the  fluids  become  of  a deep  orange-red  color,  and  a dark 
brown  crystalline  film  and  deposit  is  gradually  formed,  consisting  of  1 atom 
of  chromic  acid,  2 of  protoxide  of  manganese,  2 water.  (Warington, 


Me7n.  Ch.  Soc.,  March,  1842.) 

Chromate  of  potassa  consists  of  Tassaert. 

Thomson. 

Potassa  1 ....  48  ....  48 

Chromic  acid 1 ....  52  ....  52 


Chromate  of  potassa 1 100  100 


Bichromate  of  Potassa,  K0,2Cr03,  is  obtained  by  adding  a suf- 
ficiency of  sulphuric  or  other  acid  to  a solution  of  the  chromate  to  give  it 
a sour  taste,  and  setting  it  aside  for  a day  or  two,  w^hen  deep  orange- 
colored  or  red  crystals  are  deposited;  the  acid  abstracts  half  the  potassa, 
and  if  sulphuric  acid  be  used,  there  is  some  difticulty  in  separating  the 
sulphate  from  the  chromate;  nitric  acid  is  preferable,  but  the  purest  salt 
is  obtained  when  acetic  acid  is  used.  The  crystals  are  in  the  form  of 
anhydrous  quadrangular  prisms  and  tables,  permanent  in  the  air,  of  a 
cooling  metallic  taste,  soluble  in  10  parts  of  water  at  60°,  and  much  more 
soluble  in  boiling  water.  Tbeir  specific  gravity  is  1*98,  Thomson  ; 2'6, 
Karsten.  At  a red-heat,  they  fuse,  wuthout  decomposition,  into  a trans- 
parent red  liquid,  which  congeals  into  a crystalline  mass  on  cooling,  and 
then  falls  to  powder  from  the  unequal  contraction  of  the  crystals.  At  a 
white-heat,  half  the  acid  of  the  salt  is  decomposed,  forming  a mixture  of 
oxide  of  chromium  and  neutral  chromate  of  potassa.  This  salt  is  largely 
manufactured  at  Glasgow,  for  the  use  of  calico-printers.  A solution  of 
it,  acidulated  by  sulphuric  acid,  has  been  employed  by  Warington  as  an 
oxidizing  agent  in  Voltaic  arrangements.  (P/’oc.  CJiem.  Soc.^  Part  2, 
1841.)  When  3 parts  of  bichromate  of  potassa  are  gently  heated 
with  4 of  sulphuric  acid,  potassio-sulphate  of  chromium  is  formed  and 
oxygen  evolved.  Iv0,2Cr03 -{-4[S03,H0]  — [KO,b03 -f- Cr2  03,3803] 
+ 4HO  + 30.  (Balmain.)  Both  the  chromate  and  bichromate  of 
VoL.  II.  3 Q 
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potassa  liave  a very  deleterious  action  on  tlie  system  when  their  solutions 
are  brought  much  in  contact  with  the  skin,  causing  sores  which  are 
painful  and  difficult  to  heal.  Paper  impregnated  with  these  salts  and 
dried,  forms  excellent  tinder.  The  solutions  have  powerful  antiseptic 
properties.  (Gregory.)  Bichromate  of  potassa  consists  of 


Grouvelle.  Thomson.  Tassaert. 

Potassa 1 ....  48  ....  31-C  ....  31'154  ....  31*579  ....  32*6 

Chromic  acid  2 ....  104  ....  68*4  ....  68*846  ....  68*421  ....  67*4 


Bichromate  of  potassa  1 152  100  0 100  000  100  000  100*0 

Terchromate  of  Potassa,  K0,3Cr03,  is  obtained  in  crystals  by 
evaporating*  a mixture  of  the  solution  of  the  bichromate  with  nitric  acid. 
(Graham.) 

Bichromate  of  Chloride  of  Potassium.  KCl,2Cr03.  When  2 
atoms  of  chromic  acid  and  1 of  chloride  of  potassium  are  dissolved  in 
hydrochloric  acid,  crystals  may  be  obtained  from  the  solution  in  the 
form  of  flat  quadrangular  prisms,  having  the  color  of  the  bichromate  of 
potassa.  The  same  salt  is  formed  when  a solution  of  bichromate  of 
potassa  in  hydrochloric  acid  is  boiled ; in  that  case,  the  requisite  chloride 
of  potassium  is  formed  at  the  expense  of  the  hydrochloric  acid  and 
potassa.  This  salt  is  permanent  in  the  air,  and  may  be  dissolved  without 
decomposition  in  dilute  hydrochloric  acid ; but  by  pure  water  it  is  again 
resolved  into  hydrochloric  acid  and  bichromate  of  potassa.  In  this  com- 
pound, therefore,  the  chloride  of  potassium  acts  as  a base  to  the  chromic 
acid.  Peligot  has  obtained  similar  bichromates  of  the  chlorides  of 
sodium,  calcium,  magnesium,  and  ammonium,  but  could  not  form  them 
with  the  chloride  of  barium  or  of  strontium.  {^Ann.  Ch,  et  Ph.^  uii.  267-) 
The  chlorobichroraate  of  potassium  consists  of 

Peligot. 

Chromic  acid 2 ....  104  ....  57*8  ....  58*21 

Chloride  of  potassium  1 ....  76  ....  42*2  ....  41*29 

Chromochloride  of  potassium  1 180  100*0  99*50 

Chromate  of  Soda,  NaO,Cr03,  is  obtained  by  heating  to  redness  a 
mixture  of  pulverized  chromite  of  iron  with  half  its  weight  of  caustic 
soda,  and  a portion  of  nitrate  of  soda : the  fused  mass  is  lixiviated 
with  water  and  the  solution  filtered  and  evaporated  to  form  crystals:  the 
salt  may  also  be  obtained  by  fusing  a mixture  of  1 part  of  sesquioxide  of 
chromium  and  2 of  nitrate  of  soda.  It  crystallizes  in  oblique  rhombic 
prisms  (Brooke,  of  Phil.^  2nd  Series,  vi.  287),  and  of  a fine  yellow 
color,  very  soluble  in  water,  and  sparingly  so  in  alcohol.  They  contain 
10  atoms  of  water;  but  may  also  be  obtained  anhydrous.  The  hydrated 
crystals  effloresce  in  dry  air. 

Bichromate  of  Soda,  Na0,2Cr03,  is  more  soluble  than  the  pre- 
ceding: it  forms  small  six-sided  prism.s,  (Moser:)  large  irregular  plates. 
(Thomson.) 

Chromate  of  Lithia,  LO,Cr03,  forms  yellow  oblique  prisms  and 
arborescent  crystals  very  soluble  in  water.  (C.  Gmelin.) 
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Chromate  of  Lime.  Ca0,Cr03.  AY  hen  chromate  of  potassa  is 
mixed  with  solution  of  chloride  of  calcium,  a yellow  precipitate  gradually 
falls ; the  salt  described  by  ALiuqiielin  as  forming  silky  crystals,  is  proba- 
bly a hichromate  of  lime. 

Chromate  op  Baryta,  Ba0,Cr03,  is  a pale  yellow  powder  which 
falls  when  chromate  of  potassa  is  dropped  into  chloride  of  barium  : it  is 
as  insoluble  in  water  as  sulphate  of  baryta,  (J.  D.  Smith,  Phil.  Mag., 
vi.  280,)  but  it  dissolves,  as  bichromate,  in  nitric  and  hydrochloric  acid, 
and  in  excess  of  chromic  acid,  and  is  again  precipitable  by  ammonia.  It 
consists  of 


Vauquelin.  Berzelius. 

Baryta. 1 ....  77  ....  59*7  ....  67-75  ....  59-85 

Chromic  acid  1 ....  52  ....  40-3  ....  42'25  ....  40-15 


Chromate  of  baryta  ....  1 129  100-0  lOO'OO  100-00 

Chromate  of  Strontia.  SrO,Cr03.  This  salt  is  precipitated  in 
the  form  of  an  insoluble  yellow  powder  on  mixing  solutions  of  chromate 
of  potassa  and  nitrate  of  strontia:  it  is  anhydrous:  it  dissolves  in  nitric, 
hydrochloric,  and  chromic  acids.  (Gmelin.) 

Chromate  of  Magnesia,  MgO,Cr03,  may  he  formed  by  dissolving 
magnesia  in  aqueous  chromic  acid ; it  forms  transparent  rhomboidal  cry- 
stals, very  soluble  in  water,  and  containing  1 atom  of  anhydrous  chromate 
+ 2 atoms  of  water.  (Thomson.)  According  to  Graham,  the  crystals  of 
this  salt  contain  5HO.  “It  does  not  form  a double  salt  with  chromate 
of  potassa  as  sulphate  of  magnesia  does  with  sulphate  of  potassa.  It  is 
remarked  that  the  insoluble  metallic  chromates  generally  carry  down  por- 
tions of  the  neutral  precipitating  salts  or  of  subsalts,  and  their  analysis  is 
often  unsatisfactory  from  that  cause.  AYhen  the  magnesian  chromates  are 
compared  with  the  sulphates  of  the  same  family,  tlie  former  are  found  to 
have  their  water  readily  replaced  by  metallic  oxides,  but  not  b}^  salts,  so 
that  subchromates  with  excess  of  oxide  are  numerous,  while  few,  or  no, 
double  chromates  exist.” 


Chromatks  of  Manganese.  Neither  chromate  nor  bichromate  of 
potassa  produce  any  immediate  precipitate  in  solutions  of  the  protoxide 
of  manganese,  but  after  a time  a brown  precipitate  falls,  which  is  crys- 
talline when  the  solutions  are  dilute,  and  appears  under  the  microscope 
in  dark-brown  acicular  groups  = 2Mn0,Cr03,2II0  : they  are  therefore 
a dichromate : they  form  a yellow  solution  in  dilute  nitric  and  sulphuric 
acids.  (AYarington,  Phil.  Mag.,  xxi.  380.)  Dried  at  212^,  they  con- 
sist of 

Warington.  Reinsch. 

Protoxide  of  manganese 2 ....  72  ....  60’71  ....  51-07  ....  50'9 

Chromic  acid  1 ....  52  ....  3G  G2  ....  3G-71  ...  37-3 

Water  2 ....  18  ....  12-G7  ....  12-20  ....  11-8 


Crystallized  dicliromate  of  manganese  1 
Carbonate  of  manganese  is  soluble 


142  100  00  99-98  100  0 

in  chromic  acid  ; the  solution  is 
3 Q 2 


950 


CHROMATES. 


brown,  and  has  an  austere  metallic  taste  ; it  is  uncrystallizable,  and 
decomposed  by  evaporation,  a black  powder  being  deposited,  which  is  a 
chromite  of  sesquioxide  of  manganese.  (Dumas.) 

Chromate  of  Iron.  No  combination  of  the  protoxide  of  iron  with 
chromic  acid  can  exist,  because  it  abstracts  oxygen  from  that  acid,  and 
produces  oxide  of  chromium.  The  chromate  of  the  peroxide  of  iron  (per- 
chromate)  is  soluble : and  there  is  a brown  insoluble  subchromate. 

The  so-called  Native  chromate  of  iron^  is  a compound  of  oxide  of 
chromium  with  protoxide  of  iron.  There  appear  to  be  two  chemical 
varieties  of  this  mineral ; one,  from  the  department  of  the  Yar,  in  France, 
which  occurs  in  blackish-brown  amorphous  masses,  of  a slightly  metallic 
lustre,  scratches  glass,  does  not  affect  the  magnet,  and  has  a specific 
gravity  of  4’03;  it  appears  to  be  a compound  of  2 atoms  of  protoxide  of 
chromium,  and  1 of  protoxide  of  iron;  2Cr2  03-fFe0;  another,  from 
Baltimore  and  Siberia,  massive,  or  granular,  and  imbedded  in  steatite, 
grey,  of  the  lustre  of  anthracite,  is  composed  of  3 atoms  of  oxide  of  chro« 
mium  and  2 protoxide  of  iron.  The  following  analyses  are  from  Dumas. 
{Chim.  app.  aux  Arts^  III.  447*) 

Var.  Silesia.  Baltimore.  Oural.  Styria. 

Oxide  of  chromium  ....  37  ....  32  3 ....  51*6  ....  53‘0  ....  55*5 


Oxide  of  iron 35  ....  41*0  ....  35  0 ....  34‘0  ....  33  0 

Alumina  21  ....  16'0  ....  10  0 ....  11*0  ....  6*0 

Silica 2 ....  8-0  ....  3-0  ....  TO  ....  2-0 


95  97-3  99-6  99-0  96*5 


According  to  Abich  the  octohedral  and  massive  chromic  iron  of  Balti- 
more contains  magnesia.  {Foggend.^  xxiii.  335.)  Gmelin  gives  the 
following  table  of  their  composition,  representing  the  crystals  by  the 
the  formula  [5MgO,8FeO,10Cr2  03,3Al203] . 


Crystallized. 

Massive. 

Magnesia 

7-49  

9-46 

Protoxide  of  iron  

20-99  ..  . 

18-61 

Sesquioxide  of  chromium  

59-96  

....  56-74 

Alumina 

11-56 

1519 

100-00 

100-00 

Chromate  op  Zinc.  Chromate  of  potassa  throws  down  a yellow 
flocculent  precipitate  in  solution  of  sulphate  of  zinc,  soluble  in  excess  of 
the  latter  salt,  and  sparingly  soluble  in  water.  According  to  Thomson, 
this  is  a dichromate;  there  is  also  formed  at  the  same  time  a double 
sulphate  of  potassa  and  zinc.  {Liorg.  CAiem.,  ii.  6170  When  carbonate 
of  zinc  is  dissolved  in  aqueous  chromic  acid,  it  yields  transparent  yellow 
crystals,  isomorphous  with  sulphate  of  zinc  : they  are  easily  soluble  in 
water:  their  formula  is  Zn0,Cr03,7H0.  (Kopp,  Ann.  der  Fharm.., 
xLii.  98.) 

Chromate  of  Tin.  Protoxide  of  tin  decomposes  chromic  acid. 
Perchromate  of  tin  is  thrown  down  as  a yellow  precipitate  when  perchlo- 
ride  of  tin  is  mixed  with  chromate  of  potassa. 
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Chromate  of  Cadmium  may  be  obtained  by  mixing  solutions  of  sul- 
phate of  cadmium  and  chromate  of  potassa ; it  falls  in  the  state  of  a 
beautiful  yellow  powder  which  has  little  or  no  taste,  and  yet  is  not  abso- 
lutely insoluble  in  water  : it  consists  of  1 atom  of  chromic  acid  -f  ] of 
oxide  of  cadmium -f  5 of  water.  (Thomson.)  The  temperature  at  which 
this  hydrated  salt  was  dried  is  not  stated. 

Chromate  of  Cobalt  is  a grey  or  brownish  insoluble  powder,  preci- 
pitated on  mixing  solutions  of  chromate  of  potassa  and  nitrate  of  cobalt : 
the  fluid  remains  yellow,  so  that  it  is  probably  a basic  salt.  (Gmelin.) 

Chromate  of  Nickel  is  a red  deliquescent  salt ; the  alkalis  throw 
down  from  it  a subchromate  of  an  orange  color.  (Berzelius.)  When 
solutions  of  chromate  of  potassa  and  sulphate  of  nickel  are  mixed  toge- 
ther, no  precipitate  appears  at  first,  but  a reddish-brown  powder  gra- 
dually falls,  the  quantity  of  which  is  increased  by  concentrating  the 
liquid ; when  washed  and  dried,  it  is  a rather  beautiful  reddish-brown 
powder,  destitute  of  taste,  and  not  affecting  vegetable  blues : its  consti- 
tuents are  1 atom  of  chromic  acid -1-1  of  protoxide  of  nickel -1-4  of  water. 
(Thomson.) 

Chromate  of  Copper.  When  solutions  of  chromate  of  potassa  and 
sulphate  or  chloride  of  copper  are  mixed,  a buff-colored  precipitate  falls  : 
it  is  soluble  in  ammonia,  with  a fine  green  color.  It  has  a slightly 
sweet  taste,  and  is  sparingly  soluble  in  water  ; it  consists,  according  to 
Thomson,  of  1 atom  of  chromic  acid  -f-  1 of  oxide  of  copper  -f  2 of  water. 

When  ammonia  is  gradually  added  to  a mixed  solution  of  2 parts  of 
sulphate  of  copper  and  1 of  bichromate  of  potassa,  heated  to  between  70^^ 
and  80°  till  the  first-formed  brown  precipitate  becomes  green,  it  affords, 
when  carefully  dried,  a bright-green  pigment ; but  if  a proper  tempera- 
ture, and  the  due  quantity  of  ammonia  be  not  observed,  the  precipitate 
loses  its  chromic  acid  on  washing,  and  becomes  blue  hydrated  oxide  of 
copper.  (Leykauf.)  Bichromate  of  potassa  occasions  no  precipitate  in 
solutions  of  the  salts  of  copper;  but  when  hydrated  oxide  of  copper  is 
dissolved  in  chromic  acid,  green  crystals  of  the  form  of  sulphate  of  copper 
are  obtained  on  evaporation,  containing  33’5  per  cent,  of  water  : they  are 
insoluble  in  alcohol.  (Kopp,  Ann.  der  Pharm..,  xuii.  93.)  Gmelin  failed 
in  obtaining  this  salt. 

Ammonia- chromate  of  copper.  The  solution  of  chromate  of  cojjper  in 
ammonia  is  of  a fine  green  color  : when  alcohol  is  added  to  it,  a dark- 
green  powder  falls,  which  is  resolved  by  boiling  water  into  chromate 
of  ammonia  and  a pale-green  powder,  which  is  a basic  double  salt. 
(Bottger.) 

Chromate  of  Lead.  Pb0,Cr03.  When  chromate  of  potassa  ^ is 
added  to  any  of  the  soluble  salts  of  lead,  a fine  yellow  powder  falls,  which 
is  the  neutral  chromate  : this  salt  is  generally  represented  as  anhydrous, 
but  when  prepared  by  mixing  equivalents  of  chromate  of  potassa  and 
acetate  of  lead  in  cold  solution,  the  pale  yellow  precipitate  contains  an 
atom  of  water  : when  the  solutions  are  hot,  the  precipitate  is  deeper- 
colored  and  anhydrous.  (Anthon.  Chem.  Gaz.,  Jan.  1843.)  Ihis 
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salt  is  insoluble  in  water,  but  soluble  in  nitric  acid,  and  in  solution 
of  potassa : solution  of  carbonate  of  potassa  forms  with  it  carbonate 
of  lead  and  chromate  of  potassa : with  hydrochloric  acid  it  forms  chlo- 
ride of  lead,  and  a hydrochloric  solution  of  chromic  acid : heated  in 
concentrated  hydrochloric  acid  chlorine  is  evolved,  and  chloride  of  lead, 
and  a green  solution,  containing  chloride  of  chromium,  are  formed. 
When  this  salt  is  heated  its  color  is  deepened,  and  it  fuses  at  a red-heat. 
(Yauquelin.)  If  the  heat  be  continued,  it  evolves  about  4 per  cent,  of 
oxygen  gas,  and  a mixture  of  subchromate  of  lead  and  oxide  of  chromium 
remains.  4[Pb0,Cr03]  =2  [2Pb0,Cr03]  4-  Cr2  03+30.  When  a cur- 
rent of  hydrogen  is  passed  over  heated  chromate  of  lead,  the  formation  of 
water  commences  below  redness,  and  the  temperature  rises  to  a red-heat ; 
the  salt  blackens  from  the  separation  of  globules  of  lead  which  remain 
mixed  with  oxide  of  chromium:  2[Pb0,Cr03] +5H  2Pb  + Cr203  + 
5H0.  (Marciiand.)  It  is  decomposed  by  sulphuric  acid,  sulphate  of 
lead  is  formed,  and  chromic  acid  is  set  free  ; if  the  acid  be  concentrated, 
sulphate  of  chromium  is  formed.  A diluted  solution  of  nitrate  of  lead 
being  added  to  a very  alkaline  solution  of  chromate  of  potassa,  and  left 
at  rest  for  some  time,  there  was  found  in  the  mixed  solution,  small  red 
crystals,  which,  upon  examination,  proved  to  resemble  in  all  their  cha- 
racters the  native  chromate  of  lead.  (Faraday.)  According  to  Wohler, 
these  crystals  are  dichromate  of  lead. 

Chromate  of  lead  consists  of 


Pfaflf.  Berzelius. 

Native.  Native.  Artificial. 

Oxide  of  lead  I ....  112  ....  68-29  ....  67-91  ....  68-38  ....  68-147 

Chromic  acid  1 ....  52  ....  3r71  ....  31-72  ....  31-62  ....  31-853 


Chromate  of  lead....  1 164  100-00  99-03  100  00  100-000 

Native  Chromate  of  Lead  is  of  a deep  orange -red  color  : when  pul- 
verized, orange-yellow.  It  occurs  crystallized  in  many  varieties  of  form, 
of  which  the  primitive  is,  according  to  Ilaiiy,  an  oblique  prism  : it  is 
somewhat  translucent  and  brittle.  Specific  gravity  6.  Before  the  blow- 
pipe it  crackles,  and  melts  into  a greyish  slag.  It  occurs  in  the  gold 
mine  of  Beresof,  in  Siberia,  in  a vein  traversing  gneiss  and  mica  slate  ; 
and  near  the  same  place  in  fissures  in  a sandstone.  (W.  Phillips.) 

Bichromate  of  Lead.  Subchromate  of  Lead.  2Pb0,Ci-03.  This 
salt  was  first  noticed  by  Dulong  and  Grouvelle,  in  1812  and  1822,  and 
its  composition  pointed  out  by  Badams  in  1825.  {Ann.  of  Phit..^  2nd 
Series,  ix.  303.)  It  is  formed  by  digesting  the  neutral  chromate  in 
a dilute  solution  of  caustic  potassa ; or  by  boiling  a mixture  of  the  neu- 
tral chromate  with  two-thirds  its  weight  of  oxide  of  lead,  in  water : it  is 
an  insoluble  scarlet-colored  powder,  which,  when  digested  in  acetic  acid, 
loses  half  its  oxide.  Liebig  and  Wohler  prepare  it  by  adding  the  neutral 
chromate  to  fused  nitre,  and  washing  the  residue.  {Poggend..,  xxi.  580.) 
It  consists  of 

Badams. 

Oxide  of  lead  2 ....  224  ....  81-16  ....  80-98 

Chromic  acid  1 ....  52  ....  18-84  ....  19-02 

Dichromate  of  lead  1 276  100-00  100  00 

These  chromates  of  lead  are  valuable  pigments,  and  used  both  as  oil 
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and  water  colors,  and  in  calico-printing  and  dyeing.  (Lassaigne,  Ann.  CJi. 
et  Ph..^  XY.  76.)  As  they  occur  in  commerce,  they  are  often  adulterated 
with  sulphate  of  lead  and  sulphate  of  lime. 

The  mineral  called  VauquelinUe  is  a double  chromate  of  lead  and 
copper,  having,  according  to  Berzelius,  the  formula  [2Pb0,Cu0,3Cr03.] 
The  dark-red  mineral  which  has  been  termed  melanochroit.  is,  accordiim 
to  Hermann,  a sesquichromate  of  lead.,  r=:  3Pb0,2CT03.  {Poggend.., 
xxviii.  1G2.) 

Chromate  of  Antimony.  Chromate  of  potassa  added  to  a hydro- 
chloric solution  of  oxide  of  antimony  forms  a brown  precipitate,  soluble 
with  a green  color  in  excess  of  the  antimonial  solution.  (Thomson.) 

Chromate  op  Bismuth  is  formed  by  mixing  chromate  of  potassa 
with  nitrate  of  bismuth ; it  is  a lemon-colored  powder,  very  sparingly 
soluble  ill  water,  and  reddened  by  solution  of  potassa.  (Grouvelle.) 

Chromate  of  Uranium.  Chromate  of  potassa  occasions  an  ochre- 
yellow  precijiitate  in  solution  of  nitrate  of  uranium.  (Moser.)  Carbonate 
of  uranium  dissolved  by  chromic  acid  yields  small  cubic  and  dendritic 
crystals.  (John.) 

Chromate  of  Molybdenum.  When  chromic  and  molybdic  acids 
are  dissolved  in  boiling-water,  they  form  a yellow  solution,  which 
yields  on  evaporation  an  uncrystallizable  residue,  with  which  ■water 
forms  a brown  solution,  and  leaves  a yellow  and  difficultly-soluble 
powder.  (Berzelius.) 

Chromate  of  Chromium.  When  nitrate  of  chromium  is  heated  so 
as  to  decompose  the  nitric  acid,  and  the  residue  again  heated  with  nitric 
acid  to  dryness,  so  as  to  expel  the  acid,  without,  however,  attaining 
a red-heat,  a brownish-yellow  powder  remains,  which,  according  to 
Vauquelin,  is  Cr203  + Cr03.  When  hydrated  oxide  or  carbonate  of 
chromium  is  digested  in  chromic  acid,  a solution  is  obtained  of  a brown 
color,  which  is  not  decomposed  by  boiling,  and  which  leaves  on  evapora- 
tion a deliquescent  resin-like  residue,  soluble  without  decomposition  in 
cold  alcohol,  and  not  precipitated  by  carbonic  acid.  According  to  Mans, 
it  is  Cr2  03-f4Ci03. 

Protochlortde  of  Chromium,  CrCl,  is  obtained,  according  toPeligot, 
in  the  form  of  minute  white  silky  crystals,  when  a current  of  dry  chlorine 
is  passed  over  a mixture  of  sesquioxide  of  chromium  and  chaicoal : 
violet  scales  of  the  sesquichloride  are  at  the  same  time  sublimed.  It  is 
also  formed  by  passing  a current  of  hydrogen  over  the  sesquichloride  at 
a dull  red-heat,  when  a white  crystalline  mass  remains,  which  at  a higher 
heat  fuses,  and  on  cooling,  presents  a fibrous  texture.  It  is  soluble  in 
water,  and  if  oxygen  be  excluded,  the  solution  is  blue^  otherwise  gieen. 
The  green  solution  abundantly  dissolves  the  sesquichloride.  {Comgtes 
Pendus^  Sept.,  1844.) 


Sesquichloride  of  Chromium,  Cr2  Cl3,  is  formed  along  with  the 
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protocWoride  in  fhe  process  just  described : it  is  also  obtained  by  evapo- 
rating the  hydrochloric  solution  of  the  sesquioxide  to  dryness,  and  heat- 
ing the  residue  intensely  in  a retort,  or  in  a stream  of  chlorine  ; it  forms 
a crystalline  pink  sublimate,  which  yields  a green  solution  with  water*. 
This  hydrated  sesquichloride  resembles  the  solution  of  the  sesquioxide  in 
hydrochloric  acid.  It  consists  of 

Berzelius.  Fellenberg. 

Chromium  2 ....  56  ....  34'1  ....  36  14  ....  35*2 

Chlorine 3 ....  108  ....  65‘9  ....  63 '86  ....  64’ 8 

Sesquichloride  of  chromium  1 164  lOO'O  lOO'OO  lOO’O 

OXICHLORIDE  OF  ChROMIUM.  ChROMATE  OF  TeRCHLORIDE  OF  CHRO- 
MIUM. CrCl3,2Cr03.  This  compound  was  regarded  as  a terchloride  of 
chromium,  till  H.  Rose  discovered  the  presence  of  oxygen  in.  it : it  is 
obtained  by  heating  a mixture  of  chromate  of  potassa,  chloride  of  sodium, 
and  sulphuric  acid , in  which  case  sulphate  of  potassa  and  sulphate  of 
soda  remain  in  the  retort,  and  the  oxichloride  of  chromium  distils  over  : 
3[K0,Cr03]  f 3NaCl  + 6S03  3[K0,S03]  + 8[Na0,S03]  + [CrCl3, 

2Cr03.]  It  is  a fuming  liquid  of  a brilliant  deep- red  color  ; it  decom- 
poses water,  forming  chromic  and  hydrochloric  acids  : it  inflames  phos- 
phorus and  sulphur.  Its  specific  gravity  is  1'71?  and  its  boiling  point 
248°.  (Walter.)  The  color  of  its  vapor  resembles  that  of  nitrous  acid. 
When  passed  through  a red-hot  tube,  it  is  resolved  into  oxygen,  chlorine, 
and  sesquioxide  of  chromium.  2 [Cr0l3,2Cr03]  n:3[^Cr2,d3j  -{-03-1-  Cl6. 
This  compound  is  regarded  by  Walter  as  chromic  acid,  in  which  1 atom 
of  oxygen  is  rejilaced  by  1 of  chlorine;  namely,  as  — Cr  02  Cl.  (See  also 
Ldwel  on  the  chlorides  of  chromium,  A?in.  Ch.  el  Ph.,  Sept.  1845.) 

Iodide  of  Chromium  has  not  been  examined.  lodate  of  soda  occa- 
sions a blue  precipitate  of  iodate  of  chromium  in  a solution  of  the  sesqui- 
chloride. 

Bromide  of  Chromium.  The  solution  of  this  salt  is  green  when  dilute, 
brown  when  concentrated;  it  has  a sweet  astringent  taste,  and  yields  a 
difficultly  crystallizable  and  deliquescent  residue  when  evaporated.  By 
the  direct  action  of  bromine  on  chromium,  Berthemot  obtained  a grey- 
green  deliquescent  compound.  Ch.  ei  Ph..,  Lxiv.  383.)  Bromate 

of  chromium  was  attempted  to  be  obtained  by  Rammelsberg,  by  adding 
bromate  of  baryta  to  sulphate  of  chromium,  but  the  green  filtered  solution 
evolved  bromine  on  evaporation,  and  a red  crystalline  deliquescent  sub- 
stance remained,  which  was  chiefly  chromic  acid.  {Poggend..^  lv.  87*) 

Fluoride  of  Chromium.  When  sesquioxide  of  chromium  is  dis- 
solved in  hydrofluoric  acid,  and  evaporated  to  dryness,  a green  crystal- 
lized salt  remains,  soluble  in  water.  It  forms  difficultly-soluble  double 


* Peligot  says  that  the  pink  or  violet  ses- 
quichloride of  chromium  is  entirely  insoluble 
in  pure  water ; that  it  dissolves  in  water 
containing  a mere  trace  of  the  protochlo- 
ride; that  heat  is  always  then  evolved,  and  1 


that  the  green  solution  which  results  has  all 
the  characters  of  the  green  salts  of  the  ses- 
quioxide. {Ann.  Ch.  et  Ph.,  December, 
1844,  535.) 
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salts  wltli  the  fluorides  of  ammonium,  potassium  and  sodium.  (Ber- 
zelius.) 

Perfluoride  of  Chromium.  Terfluoride  of  Chromium.  CrF3. 
This  compound  was  discovered  hy  Unverdorben  in  1824.  (Trommsdorf’s 
Jour,  der  Pharm.^  ix.,  and  Edin.  Journal  of  Science^  iv.)  He  obtained 
it  by  the  process  above  described,  under  the  head  of  chromic  acid,  and  it 
is  the  red  vapor  there  mentioned  (p.  944.)  In  consequence  of  its  power- 
ful action  on  glass,  the  gas  can  only  be  collected  and  preserved  in  vessels 
of  platinum,  so  that  its  properties  have  been  but  imperfectly  studied : it 
explodes  when  mixed  with  ammonia,  and  it  seems  doubtful  whether  it 
forms  compounds  with  that  gas,  analogous  to  the  fluoboric  and  fluo- 
silicic  acids.  The  action  of  water  on  this  compound  has  heen  above 
adverted  to. 

If  this  compound  be  a terfluoride,  CrFs,  it  should  contain  about  34 
■per  cent,  of  chromium  and  66  of  fluorine,  but  Rose  found  it  to  consist  of 
about  24  chromium  and  76  fluorine,  and  therefore  regards  it  as  a ^lenia- 
f uoride=.  CrF5.  Berzelius,  however,  considers  it  as  a terfluoride  mixed 
with  hydrofluoric  acid  and  some  oxygen:  or  perhaps  it  is  an  oxifuoride, 
corresponding  with  the  above-described  oxichloride. 

Chromium  and  Nitrogen.^  When  dry  ammonia  is  passed  over  ses- 
quichloride  of  chromium  heated  in  a glass  tube,  a brown  powder  remains 
wFich  Liebig  regarded  as  chromium,  (Poggend.,  xxi.  359),  but  Avhich 
has  been  ascertained  by  Schrotter  to  be  a nitruret  of  chromium  — Cr3N2. 
In  its  formation  3 atoms  of  sesquichloride  of  chromium  and  13  of  am- 
monia, produce  2 of  nitruret,  9 of  sal-ammoniac,  and  3 of  hydrogen. 
3[Cr2  Cl3]  + 13NH3  2Cr3N2  9[NH4  Cl]  -f  3H.  This  substance 
when  heated  in  oxygen  to  between  300°  and  400°,  burns  with  a red 
light  into  sesquioxide  of  chromium,  and  nitrogen  and  some  nitrous  acid 
are  evolved.  It  is  composed  of 


Schrotter. 

Chromium  3 ....  84  ....  73  ....  78’32 

Nitrogen  2 ....  28  ....  25  ....  23*68 


1 112  100  100*00 

Nitrate  of  Chromium.  When  hydrated  sesquioxide  of  chromium 
is  dissolved  in  nitric  acid,  the  solution  is  blue  by  reflected,  but  red  by 
transmitted  light  : evaporated  to  dryness,  a red  deliquescent  unciystalli- 
zable  salt  remains.  A solution  of  chromic  acid  in  nitric  acid  yields  on 
evaporation  dark  brownish-red  granular  crystals. 

Sesquisulphuret  of  Chromium,  Cr2  S3,  is  formed  by  passing  the  vapor 
of  sulphuret  of  carbon  through  a red-hot  porcelain  tube  containing  prot- 
oxide of  chromium  ; or  by  heating  a mixture  of  hydrated  protoxide  and 
sulphur,  in  vacuo  : it  is  of  a dark-grey  color,  and  when  heated  in  the 
air  it  burns  into  oxide,  evolving  sulphurous  acid:  nitrohydrochloric  acid 
converts  it  into  a sulphate  of  the  protochloride  of  cbromium.  It  is  iir- 
soluble  in  potassa  and  in  sulphuret  of  potassium.  Ibis  sulphuret  is  a 
weak  sulphur  base,  and  forms  a few  sulphur  salts.  It  consists  of 
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Rose  and 
Berzelius. 

Chromium 2 ....  5G  ....  53'85  ....  54 

Sulphur 3 ....  48  ....  46‘15  ....  46 


Sulphuret  of  chromium 1 104  lOO’OO  100 

Sulphite  of  Chromium.  Sulphurous  acid  readily  dissolves  the  hy- 
drated sesquioxide,  and  Avhen  the  solution  is  boiled  a green  granular 
basic  sulphite  is  deposited.  (Berthier,  j4n?i.  Ch.  et  P/i.,  l.  370,  and 

N.S.  vii.  770 

Hyposulpiiate  of  Chromium.  Cr2  03, S2  Oo,  forms  small  violet 
octohedra,  soluble  in  water.  (Bertin.) 

Sulphate  op  Chromium.  When  hydrated  oxide  of  chromium  is 
dissolved  in  dilute  sulphuric  acid  a green  solution  is  obtained,  and  on 
evaporation  an  insoluble  subsalt  remains.  When  pulverised  bichro- 
mate of  potassa  is  gradually  added  to  hot  concentrated  sulphuric  acid, 
oxygen  is  liberated,  and  an  insoluble  violet  powder  deposited,  which 
ina}^  be  perfectly  separated  by  dilution  with  water;  the  acid  liquid  con- 
tains bisulphate  of  potassa,  but  no  trace  of  chromium.  This  sulphate 
when  dried  forms  a green  powder,  which  becomes  rose-colored  and  very 
mobile  on  exposure  to  heat:  it  is  then  insoluble  in  water.  Its  formula  is 
Cr2,03, -1-3S03.  Subjected  at  a dull  red-heat  to  a current  of  dry  hydro- 
gen its  oxygen  is  carried  otf  together  with  part  of  the  sulphur,  and  a 
brown  and  highly  pyrophoric  sulphuret  of  chromium  remains  = Cr4,S3. 
By  combustion  in  air  or  oxygen  it  becomes  Cr4,06;  it  therefore  retains 
exactly  or  nearly  the  same  weight  before  and  after  combustion,  the  3 
atoms  of  sulphur=:(16  x3r=;48)  being  replaced  by  6 of  oxygen  rr: 
(8x8  = 48.)  (E.  Kopp.  Comptes  Rciidus,  June,  1844.) 

When  a solution  of  8 parts  of  hydrate  of  sesquioxide  of  chromium 
in  9 of  cold  sulphuric  acid  is  left  to  itself  in  a covered  basin,  it  concretes 
in  a few  weeks  into  a blue-green  crystalline  mass:  when  this  is  dissolved 
in  water  and  alcohol  added,  a pale  blue  crystalline  powder  falls,  which 
may  be  obtained  in  octohedral  crystals  soluble  in  less  than  their  weight 
of  w'ater  at  68°,  and  which  at  212°  lose  wmter  and  become  green.  Their 
formula  is  Cr2  03,3803,1 5HO.  (Schrotter.  Pogge?id.,  Liii.  513.) 


Ammonio-sulphate  of  Chromium.  NH4  0,803  -{-  Cr2  03,3803,  f 
24IIO.  This  salt  forms  purple  octohedral  crystals.  (Haidinger,  Edm. 
Jour,  of  Science.)  i.  100.)  It  is  the  ammoniacal  chrome-alum  of  Mits- 
cherlich,  composed  of 


Ammonia 1 

Sesquioxide  of  chromium 1 

Sulphuric  acid  4 

Water  25 


Schrotter. 

17  ....  3-53 

fSO  ....  16-59  ....  16-26 

160  ....  33-20  ....  33-10 

225  ....  46-68 


Crystals  of  ammoniacal  chrome-alum  1 482  lOO'OO 

The  solution  of  this  salt  in  cold  water  is  blue,  but  it  becomes  green 
when  heated  to  about  175°,  and  is  then  decomposed  and  no  longer  affords 
crystals  on  evaporation ; but  if  the  green  solution  be  diluted  with  water 
till  it  becomes  blue  it  then  again  affords  the  alum  on  standing  for  10 
days,  or  on  the  addition  of  alcohol. 
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POTASSA-SULPHATE  OF  ClIROMIUM.  CiIROME-AlUM.  K0,S03,  + 
Ci'2  03,3803  4-24110.  M"hen  a mixed  solution  of  acid  sulphate  of  chro- 
mium and  sulphate  of  potassa  is  left  to  spontaneous  evaporation,  regular 
octohedral  crystals,  appearing  purple  in  one  direction,  and  green  in 
another,  are  deposited.  (Berzelius.)  2.  To  a solution  of  hichromate 
of  potassa  add  successively  sulphuric  acid  and  alcohol  till  it  becomes 
deep  green;  it  then  yields  the  crystals,  on  spontaneous  evaporation. 
(Fischer.)  3.  Pass  sulphurous  acid  through  an  aqueous  solution  of  1 
atom  of  bichromate  of  potassa  and  1 of  oil  of  vitriol,  avoiding  elevation 
of  temperature. 

4Vhen  this  salt  is  dissolved  in  water,  and  the  solution  evaporated, 
it  can  only  be  again  obtained  in  regular  crystals  when  excess  of  sul- 
phuric acid  is  present,  by  which  the  solubility  of  the  salt  is  diminished. 
This  salt  has  been  called  chrome-alum^  inasmuch  as  if  aluminum  were 
substituted  for  chromium,  common  alum  would  be  the  result ; so  that 
there  are  not  less  than  four  isomorphous  oxides  which  give  aluminoid 
salts  with  potassa  and  sulphuric  acid,  namely,  those  of  aluminum,  manga- 
nese, iron,  and  chromium.  The  components  of  this  salt  are 

Berzelius. 

Potassa  1 ....  48  ....  9‘52  ....  9*38 

Sesquioxide  of  chromium 1 ....  80  ....  15'87  ....  15‘90 

Sulpliuric  acid  4 ....  100  ....  31’75  ....  31’80 

Water  24  ....  210  ....  42-86  ....  42-92 

Crystals  of  chrome-alum  1 504  100-00  100-00 

CiiROMosuLPHATE  OF  PoTASsA.  4Yhen  solutions  of  chromate  and  of 
sulphate  of  potassa  are  mixed  and  evaporated,  a double  salt  is  obtained, 
containing  43’3  of  chromate  and  56’7  of  sulphate  of  potassa;  it  forms 
jiale  yellow  prismatic  crystals,  and  yields  a precipitate  with  nitrate  of 
baryta,  which  is  only  partially  soluble  in  nitric  acid.  It  has  occasionally 
been  substituted  for  chromate  of  potassa.  It  has  a bitterish  taste,  and  is 
readily  soluble  in  cold  and  hot  water.  (Boutron-Charlard.  Jour,  de 
Pharm.^  ix.  184.) 

PiiospiiURET  OF  Chromium.  Cr2,P.  When  phosphate  of  chromium 
is  intensely  heated  with  charcoal  a grey  phosphuret  is  obtained.  M^hen 
phosphuretted  hydrogen  gas  is  passed  over  sesquichloride  of  chromium 
at  a red-heat,  a black  phosphuret  is  the  result,  which  burns  before  the 
blow-pipe,  and  is  insoluble  in  hydrochloric  acid.  (Rose,  Poggend.^  xxiv. 
333.) 

Hypophosphite  of  Chromium,  is  formed  by  the  double  decomposition 
of  sulphate  of  chromium  and  hypophosphite  of  baryta:  on  evaporation 
an  amorphous  dark-green  mass  remains,  which  heated  to  392  becomes 
insoluble  in  water  and  in  dilute  acids.  The  formula  of  the  hydrated  salt 
is  CT2  03,2P0,()TI0.  (AYuRTZ.)j 

Phosphite  of  Chromium,  falls  in  the  form  of  a green  powder  when 
ammonioterchloride  of  phosphorus  is  added  to  an  aqueous  solution  of 
sesquichloride  of  chromium:  when  heated  it  evolves  hydrogen.  (H.  Rose, 
Poggend.y  ix.  40.) 
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Phosphate  of  Chromium.  When  phosphate  of  potassa  is  added  to  a 
solution  of  sesquichloride  of  chromium  a green  precijiitate  falls.  The 
solution  of  hydrated  oxide  of  chromium  in  phosphoric  acid  is  emerald 
green  and  uncrystallizahle.  (Yauquelin.) 

Carbonate  of  Chromium.  The  hlue-green  precipitate  which  the 
carbonated  alkalis  produce  in  solutions  of  the  sesquisalts  of  chromium,  is 
not  a true  carbonate,  but  a compound  of  subcarbonate  and  hydrate  of 
oxide  of  chromium.  (Berzelius.)  It  dissolves,  according  to  Meissner, 
(who  regards  it  as  a true  carbonate,)  in  solution  of  carbonate  of  potassa, 
forming  a grass-green  liquid,  and  is  sparingly  soluble  in  carbonate  of 
ammonia:  it  loses  its  carbonic  acid  at  142 A 

Borate  of  Chromium.  Borate  of  ammonia  produces  a green  inso- 
luble precipitate  in  solution  of  chloride  of  chromium.  Borax  gives  a blue 
precipitate  soluble  in  excess  of  the  horacic  solution, 

Arseniate  of  Chromium.  When  mixed  solutions  of  arseniate  of  soda 
and  sesquichloride  of  chromium  are  evaporated  to  dryness,  and  the  residue 
digested  in  water,  an  insoluble  green  powder  remains,  composed  of  arsenic 
acid  and  sesquioxide  of  chromium.  When  hydrated  sesquioxide  of  chro- 
mium is  digested  in  an  aqueous  solution  of  arsenic  acid,  a dark-green 
liquid  is  formed  which  leaves  a green  insoluble  residue  on  evaporation: 
when  heated  red-hot  it  becomes  rose-red,  hut  huff- colored  on  cooling:  it 
is  a binarseniate  of  chromium.  (Thomson.)  Arseniate  of  potassa  gives 
an  apple-green  precipitate  with  solutions  of  oxide  of  chromium.  (Moser.) 

Molybdate  of  Chromium.  A green  precipitate  falls  when  solutions 
of  sesquichloride  of  chromium  and  molybdate  of  potassa  or  of  ammonia 
are  mixed,  which  is  soluble  in  excess  of  the  molybdate  of  ammonia. 
(Berzelius.) 

Alloys  of  Chromium.  Nothing  is  known  of  the  alloys  of  chromium 
with  the  light  metals:  nor  with  manganese.  With  iron.,  it  apparently 
unites  in  all  proportions:  this  alloy  is  obtained  by  strongly  heating  mix- 
tures of  the  oxides  of  chromium  and  of  iron  in  a covered  charcoal  crucible. 
An  alloy  of  4 atoms  of  chromium  with  1 of  iron  is  crystalline,  whiter  than 
platinum,  and  very  hard  and  brittle.  Steel  containing  from  1 to  2 per 
cent,  of  chromium  answers  well  for  cutting  instruments.  (Berthier, 
Ann.  des  Mines^  vi.  579.  Aim.  Ch.  et  Ph.,  xvii.  55.  Faraday,  Phil. 
Trans..,  cxii.  253.)  The  other  alloys  of  chromium  have  not  been 
examined. 

General  Characters  of  the  Salts  of  Chromium.  The  peculiar  cha- 
racters of  the  combinations  of  chromium,  of  the  salts  of  the  sesquioxide,  and 
of  the  chromic  acid,  will  be  sufficiently  evident  from  their  preceding  enu- 
meration. Before  the  blow-pipe,  oxide  of  chromium  exhibits  the  following 
properties:  it  is  fusible  with  microcosmic  salt  in  the  interior  flame  into  a 
glass,  which  at  the  instant  of  its  removal  from  the  flame  is  of  a violet  hue, 
approaching  more  or  less  to  dark  blue  or  red,  according  to  the  proportion 
of  the  chromium.  After  cooling,  the  glass  is  bluish-green,  hut  less  blue 
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than  copper  glass.  In  the  exterior  flame  the  color  becomes  brighter,  and 
less  blue  than  the  former.  With  borax  it  forms  a bright-yellowish  or 
yellow-red  glass  in  the  exterior  flame;  and  in  the  interior  flame  this  be- 
comes darker  and  greener,  or  bluish-green. 


§ XXVII.  VANADIUM.  V.  68. 

This  metal  was  discovered  by  Seftstrom  in  the  year  1830;  its  name  is 
derived  from  Vanadis^  a Scandinavian  deity;  he  found  it  in  the  ores  of 
iron  from  Taberg  in  Sweden,  and  in  the  slags  from  the  reducing  furnaces. 
The  same  metal  was  shortly  after  found  by  Johnston,  in  a lead  ore  from 
Wanlock-head,  and  by  Del  Rio  in  a lead  ore  from  Zemapan  in  Mexico  : 
the  latter  terms  it  Erijthi'oniimi^  from  the  red  color  of  its  acid.  Thus 
have  three  persons  noticed  the  existence  of  vanadium  without  the  know- 
ledge of  each  other’s  labors,  but  the  merit  of  being  its  discoverer  is  due  to 
Seftstrom.  {Phil.  Mag.  and  x.  321 ; Ann.  Ch,  el  Ph..^  xLvii.  377; 
Poggend.  A}i?i.^  xxii.  1.) 

Vanadium  is  most  readily  obtained  from  the  native  vanadiate  of  lead., 
by  the  following  process  of  Johnston.  {Edin.  Joiirn.  of  Science.,  v.  166 
and  318.)  The  ore  is  dissolved  in  nitric  acid,  and  a current  of  sulphu- 
retted hydrogen  passed  through  the  solution,  by  which  lead  and  arsenic 
are  precipitated,  and  a blue  solution  is  obtained,  which  is  evaporated  to 
dryness ; the  residue  is  dissolved  in  ammonia,  and  a piece  of  sal-ammoniac 
larger  than  it  can  dissolve  is  introduced  into  the  solution;  vanadiate  of 
ammonia  then  subsides  in  the  form  of  a white  powder,  which  should  be 
washed,  first  with  a solution  of  sal-ammoniac  (in  which  it  is  insoluble), 
and  then  with  alcohol  of  the  specific  gravity  0‘86.  This  salt  may  be 
decomposed  by  heating  and  stirring  it  in  a platinum  crucible  till  it  acquires 
a red  color;  it  is  then  vanadic  acid.  AVhen  this  is  intensely  heated  in  a 
charcoal  crucible  it  is  superficially  reduced.  Berzelius  succeeded  in 
reducing  this  acid  by  the  action  of  potassium,  which  at  a moderate  heat 
suddenly  decomposes  it,  and  on  washing  the  residue,  vanadium  remains 
in  a pulverulent  form.  Vanadium  may  also  be  obtained  by  decomposing 
chloride  of  vanadium  by  a current  of  dry  ammonia,  and  heating  the 
white  saline  mass  which  is  so  produced : the  terchloride  is  introduced 
into  a bulb  blown  in  a glass  tube  and  heated  over  an  argand  spirit- 
lamp  ; sal-ammoniac  sublimes,  and  metallic  vanadium  remains. 

Vanadium,  as  resulting  from  the  decomposition  of  the  chloride,  has 
somewhat  of  a silvery  lustre,  is  extremely  brittle,  conducts  electricity,  and 
is  not  acted  upon  by  air  or  water  at  common  temperatures;  at  a dull  red- 
heat  it  takes  fire  and  burns  into  a black  oxide;  it  is  not  acted  upon  by 
sulphuric,  hydrochloric,  or  hydrofluoric  acids,  but  nitric  and  nitrohydro- 
chloric  acids  yield  dark-blue  solutions;  it  is  not  acted  on  by  boiling 
caustic  potassa,  nor  by  the  alkaline  carbonates  at  a red-heat;  its  eq^uiva- 
lent  is  68.  (68*5  Turner.  68'66  Graham.  68’G  Gmelin.) 

Vanadium  and  Oxygen.  There  are  three  compounds  of  this  metal 
with  oxygen;  two  oxides,  and  an  acid. 


Protoxide  of  Vanadium,  VO.  When  a stream  of  dry  hydrogen 
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gas  is  passed  over  heated  vanadic  acid,  water  is  formed,  in  consequence  of 
the  partial  reduction  of  the  acid,  and  a black  substance  remains,  which  is 
extremely  infusible,  conducts  electricity,  is  strongly  electro-negative  in 
relation  to  zinc,  and  which,  when  heated  in  the  air,  is  converted  by  slow 
combustion  into  the  binoxide.  It  is  not  salifiable.  From  these  charac- 
ters, this  substance,  if  not  vanadium,  would  appear  to  be  a mixture  of  the 
metal  with  a portion  of  the  oxide:  according  to  Berzelius  it  is  a protoxide. 
Exposed  to  air  and  moisture  it  slowly  absorbs  oxygen,  and  when  kept  in 
water  gradually  communicates  to  it  a green  tint : the  same  change  occurs 
in  alkaline  and  acid  solutions,  and  with  the  exception  of  nitric  and  nitro- 
hydrochloric  acids,  it  is  not  dissolved  by  them.  It  consists  of 


Berzelius. 

Vanadium 1 ....  68  ....  89‘5  ....  89538 

Oxygen 1 ....  8 ....  10*5  ....  10*462 


Protoxide  of  vanadium 1 76  100*0  100*000 


Binoxide  of  Vanadium.  Vanadious  Acid.  VO2.  When  10  parts 
of  protoxide  and  12  of  vanadic  acid  are  intimately  mixed  and  heated  in 
an  exhausted  vessel,  or  in  one  filled  with  carbonic  acid,  a black  compound 
is  obtained,  which  is  the  binoxide.  This  is  the  only  salifiable  oxide:  it 
may  be  obtained  in  the  state  of  hydrate.,  by  precipitation  from  its  acid 
solutions  by  carbonate  of  soda  in  very  slight  excess  ; if  carefully  dried  out 
of  the  contact  of  air  is  of  a grey  color,  and  gives  out  its  water  when 
heated.  In  this  hydrated  state  it  yields  blue  solutions  with  the  acids:  it 
also  dissolves  in  caustic  potassa  and  in  ammonia,  forming  brown  liquids. 
It  is  composed  of 

Berzelius. 

Vanadium 1 ,...  68  ....  80*9  ....  81*056 

Oxygen 2 ....  16  ....  19*1  ....  18*944 

Binoxide  of  vanadium  1 84  100  0 100  000 

Vanadic  Acid.  V03.  When  vanadiate  of  ammonia  is  moderately 
heated  and  stirred  in  an  open  vessel,  it  gradually  acquires  a red  color,  and 
leaves  vanadic  acid:  heated  in  a close  vessel,  the  hydrogen  of  the  am- 
monia deoxidizes  the  acid,  and  the  binoxide  is  the  product;  vanadic 
acid,  when  fused,  is  red,  hut  when  in  powder,  brown:  it  fuses  at  a dull 
red-heat,  and  in  the  act  of  crystallizing,  as  it  cools,  it  contracts  in  bulk, 
and  gives  out  so  much  latent  heat  as  to  become  incandescent.  It  under- 
goes no  change  by  heat,  provided  all  deoxidizing  agents  are  excluded; 
when  any  combustible  matter  is  present,  it  passes  into  the  state  of  oxide: 
it  is  tasteless,  insoluble  in  alcohol,  and  nearly  so  in  water.  Vanadic  acid 


consists  of 

Berzelius. 

Vanadium 1 ....  68  ....  73*9  ....  74*045 

Oxygen  3 ....  24  ....  26*1  ....  25  955 


Vanadic  acid 1 92  100*0  100*000 


Vanadiates.  The  compounds  of  vanadic  acid  with  salifiable  bases 
are  generally  orange-colored  or  yellow,  but  they  sometimes  are  produced 
colorless,  without  any  apparent  change  of  composition:  it  forms  neutral 


SALTS  OF  YANADIU.Ar. 


DGl 


and  bi- salts,  those  'svlth  the  alkalis  being  soluble,  and  Avith  the  other 
oxides,  either  sparingly  soluble  or  insoluble.  The  soluble  salts  are  easily 
deoxidized  by  alcohol,  suljihuretted  hydrogen,  sulphurous  acid,  and  several 
of  the  hydracids.  Yanadic  acid  dissolves  and  forms  variously  colored 
compounds  Avith  the  binoxide  of  vanadium:  these  compounds  are  formed 
when  the  binoxide  in  water  is  exposed  to  air;  it  gradually  forms  vana- 
dic  acid,  and  the  solution  becomes  blue,  green,  yellow,  and  red,  accordinr*- 
to  the  extent  of  acidification.  It  also  combines  with  some  of  the  other 
acids,  as  is  the  case  with  the  chromic  acid. 

The  color  of  vanadic  acid  distinguishes  it  from  others,  with  the 
exception  of  the  chromic,  with  which  it  was  at  first  confounded;  but  the 
blue  color,  as  opposed  to  the  green  produced  by  deoxidizing  substances 
with  chromic  acid,  is  a distinctive  character.  YTien  heated  with  borax 
before  the  blow-pipe  it  produces,  like  chromic  acid,  a green  bead  in  the 
reducing  flame;  but  in  the  exterior  flame,  the  green  remains  if  from 
chromium,  but  becomes  yellow  if  from  vanadium. 

Salts  of  the  Binoxide  of  Yanadium.  The  salts  of  the  binoxide 
of  this  metal  are  best  obtained  by  the  action  of  the  respective  acids 
upon  the  hydrated  binoxide  : they  are  blue,  and  afford  a grey  precipitate 
with  the  alkalis,  which  when  exposed  to  air  becomes  red:  infusion  of 
galls  blackens  them.  The  nitrate  of  vanadium^  which  is  at  first  blue, 
becomes  red  during  evaporation,  from  the  formation  of  vanadic  acid. 

Chlorides  of  Yanadium.  AYhen  binoxide  of  vanadium  is  digested 
in  hydrochloric  acid,  a brown  solution  is  obtained,  which  appears  to  con- 
tain a bichloride^  YCl2.  YHien  vanadic  acid  is  digested  in  hydrochloric 
acid,  chlorine  is  evolved,  and  a blue  solution  is  formed,  which  by  eva- 
poration becomes  brown,  but  from  which  a dry  chloride  cannot  be 
obtained.  AYhen  dry  chlorine  is  passed  over  a red-heated  mixture  of 
protoxide  of  vanadium  and  charcoal,  in  a glass  or  porcelain  tube,  a yellow 
liquid  is  obtained,  Avhich  when  acted  upon  by  water  yields  hydrochloric 
and  vanadic  acids;  it  is  therefore  a terchloride^  YCl3.  By  the  action  of 
hydriodic,  hydrobroraic,  hydrofluoric,  and  hydrocyanic  acids  upon  the 
oxide,  an  iodide^  bromide^  Jiuoride,  and  cyanide  of  van.adium  may  be 
obtained. 

SuLPiiURETS  OF  Yanadium.  By  passing  a current  of  sulphuretted 
hydrogen  over  the  binoxide  heated  to  redness,  a bisutyhuret  oj  vanadium 
is  ultimately  obtained.  The  same  compound  is  formed  when  hydrosul- 
plmret  of  ammonia  is  mixed  with  a solution  of  a salt  of  vanadium,  till  the 
precipitate  first  formed  is  redissolved,  and  then,  decomposing  the  deep 
purple  solution  by  sulphuric  or  hydrochloric  acid:  a brown  bisulphuret 
subsides,  which  becomes  black  when  it  is  dried.  In  the  hydrated  state  it 
is  dissolved  by  the  alkalis  and  alkaline  sulphurets,  but  is  insoluble  in  the 
acids,  with  the  exception  of  the  nitric  and  nitrohydrochloric,  by  which  it  is 
converted  into  sulphate.  When  sulphuretted  hydrogen  is  passed  through 
vanadic  acid  in  water,  a mixture  of  hydrated  binoxide  and  sulphur  is 
precipitated;  but  when  a solution  of  vanadic  acid  in  hydrosulphuret  of 
ammonia  is  acidulated  by  hydrochloric  or  sulphuric  acid,  a hydrated  ter- 
sulphuret  subsides;  its  color  is  at  first  light  brown,  but  it  becomes  almost 
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black  by  drying,  and  when  heated  to  redness  in  close  vessels,  it  gives  off 
water  and  sulphur,  and  is  resolved  into  the  bisulphuret.  It  dissolves  in 
alkalis  and  in  alkaline  sulphurets. 

Phosphuret  of  Vanadium.  When  phosphate  of  vanadium  mixed 
with  a little  sugar  is  exposed  to  a white  heat,  a grey  phosphuret  is 
obtained. 

The  history  of  the  salts  and  other  compounds  of  vanadium  is  given  in 
detail  by  Gmelin  in  his  Handbuch^  and  by  Berzelius  in  his  Lehrbuch 
der  Chemie. 


§ XXYIII.  TUNGSTEN.  W.  100. 

This  metal,  which  has  also  been  called  Scheelium  and  W olframium^ 
was  first  obtained  by  Messrs,  de  Luyart,  from  the  tungstic  acid  previously 
discovered  by  Scheele,  in  1781.  Its  native  sources  are  wolfram^  which 
is  a tungstate  of  iron  and  manganese  (Ebelmen,  A^in.  Ch.  et  PA.,  Aout, 
1843),  and  the  tungstate  of  lime.  It  is  obtained  by  exposing  a mixture 
of  tungstic  acid  and  charcoal  to  an  intense  heat;  or -by  passing  hydrogen 
over  the  ignited  acid.  It  is  very  difficult  of  fusion,  very  hard,  brittle, 
and  of  an  iron  color.  Its  specific  gravity  17'4.  Its  approximate  specific 
heat  is  0*03636.  (Regnault.)  It  is  oxidized  by  the  action  of  heat  and 
air,  and  by  nitric  acid.  It  is  also  oxidized  and  gradually  dissolved  by 
solution  of  potassa,  with  the  evolution  of  hydrogen,  and  tungstate  of 
potassa  is  produced.  A piece  of  zinc  immersed  in  a solution  of  tungstate 
of  ammonia  throws  down  metallic  tungsten  in  the  form  of  a brown 
powder.  (Dumas.)  The  equivalent  of  tungsten  may  be  assumed  at 
about  100.  (94*8  Graham;  96  Gmelin:  99*7  Turner.) 

Oxide  of  Tungsten.  Binoxide  of  Tungsten.  W02.  This  oxide 
may  be  obtained  by  mixing  finely-powdered  wolfram  with  twice  its 
weight  of  carbonate  of  potassa,  and  fusing  it  in  a platinum  crucible. 
Tungstate  of  potassa  is  thus  formed,  which  is  dissolved  in  hot  water  with 
half  its  weight  of  sal-ammoniac,  evaporated  to  dryness,  and  heated  red- 
hot  in  a Hessian  crucible.  The  mass  is  then  well  washed  in  boiling 
water,  and  digested  in  weak  solution  of  potassa.  The  residue  is  oxide  of 
tungsten.  In  this  process  the  tungstate  of  potassa  and  sal-ammoniac 
form  chloride  of  potassium  and  tungstate  of  ammonia ; but  at  a red-heat 
the  ammonia  decomposes  the  tungstic  acid,  and  reduces  it  to  the  state  of 
oxide,  which  is  prevented  by  the  fused  chloride  of  potassium  from  passing 
into  the  state  of  acid.  (Wohler,  Quar  t.  Journ.,  x.x.  177-)  Thus  pre- 
pared, the  oxide  is  black,  and  when  heated  to  redness,  it  suddenly  ignites 
and  becomes  converted  into  tungstic  acid  by  the  absorption  of  oxygen. 
Its  sp.  gr.  is  12*1.  It  does  not  appear  capable  of  entering  into  combina- 
tion with  the  acids  so  as  to  form  salts.  When  a current  of  hydrogen 
gas  is  carefully  passed  over  heated  tungstic  acid,  it  is  partially  deoxidized 
and  converted  into  a chocolate-colored  oxide,  which  neither  combines 
with  acids  nor  with  bases,  and  which  is  identical  in  composition  with 
the  above.  (Ann.  Ch.  et  Ph.^  xvii.  16.)  If  the  action  of  hydrogen  be 
too  long  continued,  the  oxide  itself  is  reduced.  This  oxide  consists  of 
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rierzelins. 

Timgston i ....  loo  ....  80-21  ....  8C>-o4 

Oxygen  2 ....  10  ....  13-79  ....  14-40 


Oxide  of  tungsten  I 110  100-00  100-00 


AVdhler  has  described  an  interesting  combination  of  this  oxide  'svitb 
soda,  ■which  is  obtained  by  adding  as  much  tungstic  acid  to  fused 
tungstate  of  soda  as  it  will  dissolve,  and  then  passing  hydrogen  over  the 
compound  at  a red-heat : on  washing  out  the  undecomposed  tungstate 
with  water,  a golden-colored  substance  remains,  in  small  cubes  and 
scales  of  a beautiful  metallic  lustre,  and  insoluble  in  caustic  alkalis  and 
in  nitric,  sulphuric,  and  nitrohydrochloric  acids,  hut  soluble  in  hydro- 
fluoric acid.  At  a red-heat,  ox3"gen,  chlorine,  and  sulphur  decompose  it. 
It  cannot  he  obtained  by  the  direct  combination  of  soda  with  the  oxide. 
(Pog  •gend.^  ii.  345.)  It  consists  of 


Wohler. 

Soda  1 ....  32  ....  12  ....  12-4 

Oxide  of  tungsten  2 ....  232  ....  88  ....  87 '8 


1 204  100  100-0 


Tungstic  Acid,  AV03,  is  obtained  when  the  oxide  is  heated  red-hot, 
and  stirred  in  an  open  vessel.  When  finely-powdered  nativ'e  tungstate 
of  lime  is  boiled  for  some  hours  in  nitric  acid,  tungstic  acid  is  separated, 
in  the  form  of  a yellow  powder,  which  may  be  freed  from  adhering 
nitric  acid,  by  dissolving  it  in  ammonia,  and  heating  the  tungstate  of 
ammonia  to  redness.  Tungstate  of  potassa,  prepared  by  heating  wol- 
fram with  carbonate  of  potassa,  as  above  described,  may  also  he  decom- 
posed by  nitric  acid,  and  the  precipitate  treated  with  ammonia  as 
before.  Tungstate  of  lime  may  also  be  decomposed  by  digestion  in 
hydrochloric  acid ; chloride  of  calcium  and  tungstic  acid  are  the  results. 
In  all  cases  where  tungstic  acid  has  been  in  contact  with  an  acid,  or 
where  it  is  precipitated  from  its  alkaline  solutions  by  acids,  the  pre- 
cipitate which  falls  retains  traces  of  the  foreign  acid : hence  the  ad- 
vantage of  forming  a tungstate  of  ammonia  and  decomposing  it  by  heat 
onlv. 

Tungstic  acid  is  a yellowish  powder,  which  ajipears  green  wdiilst  hot, 
and  also  accjuires  a greenish  color  by  long  exposure  to  the  sun’s  rays. 
Its  specific  gravity  is  about  6.  It  is  insoluble  in  water,  hut  readily 
soluble  in  the  caustic  alkalis,  when  in  its  hydrated  state;  after  it  has  been 
heated  it  is  very  difficultly  acted  upon  by  solvents,  hut  most  of  its  com- 
pounds may  be  obtained  by  fusion  at  a red-heat.  hen  precipitated 
by  the  acids  from  its  ammoniacal  solution,  a portion  of  the  precipitant  is 
carried  down  with  it,  and  in  this  way  compounds  of  sulphuric,  nitric,  and 
liydrochloric  acids,  with  tungstic  acid,  may  be  produced,  which  are  more 
or  less  soluble  in  water. 

When  tungstic  acid  is  exposed  to  a heat  of  about  GOO  in  a cuiient 
of  Inulrogen,  it  becomes  blue ; a similar  product  is  obtained  when  me- 
tallic zinc  is  put  into  a mixture  of  hydrochloric  and  tungstic  acids , or 
when  tungstate  of  ammonia  is  decomposed  by  distillation  in  a letoit. 
This  has  sometimes  been  regarded  as  a distinct  oxide,  2 03,  (jMalaguti, 
Aim.  Ch.  et  P/m  lx.  271 ;)  hut,  according  to  Berzelius,  it  is  a tungstate 

Yol.  II.  ^ 
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of  the  oxide,  or  a compound  of  the  acid  and  oxide.  Tungstic  acid  con- 
sists of 

De  Luyart.  Bucholz.  Berzelius. 

Tungsten 1 ....  100  ....  80*G  ....  80'64  ....  80  ....  79'766 

Oxygen  3 ....  24  ....  19'4  ....  19*36  ....  20  ....  20*234 


Tungstic  acid  ....  1 124  100*0  100*00  100  100*000 


General  Properties  of  the  Tungstates.  The  alkaline  and  earthy 
tungstates  are  colorless : they  are  heavy ; and  those  which  are  soluble 
have  a bitter  metallic  taste ; hydrochloric,  nitric,  and  sulphuric  acids 
occasion  in  them  white  precipitates ; phosphoric  acid  forms  with  them 
soluble  triple  compounds.  When  their  acid  solutions  are  acted  upon  by 
zinc,  they  acquire  the  blue  color  above  adverted  to.  The  tungstates 
which  are  not  decomposed  by  heat  are  fusible. 

Tungstate  of  Ammonia  is  procured  in  crystalline  scales,  sparingly 
soluble  in  water,  and  of  a metallic  taste,  by  digesting  the  acid  in  am- 
monia. It  contains,  according  to  Berzelius, 


Berzelius. 

Ammonia 1 ....  17  ....  6*0  ....  6*338 

Tungstic  acid 2 ....  248  ....  87*6  ....  87*000 

Water 2 ....  18  ....  6*4  ....  6*662 


Tungstate  of  ammonia....  1 283  100*0  100*000 

Tungstate  of  Potassa  is  uncrystallizable  (or  very  dif&cultly  cry- 
stallizable)  and  deliquescent ; it  has  a styptic  and  acrid  taste.  The  acids 
occasion  precipitates  in  its  solution,  which  are  triple  compounds  of  tung- 
stic acid,  potassa,  and  the  acid  used  as  a precipitant.  The  Niirotimgstate 
of  Potassa  is  the  salt  originally  described  by  Scheele  as  tungstic  acid. 
It  dissolves  in  20  parts  of  water  at  212°,  and  reddens  litmus.  Tungstate 
of  potassa,  when  neutral,  is  not  affected  at  high  temperatures  by  hy- 
drogen, but  the  acid  tungstate  has  its  excess  of  acid  decomposed  and 
reduced.  The  neutral  salt  when  crystallized  is  K0,W03,5H0,  and  the 
bitungstate  = K0,2W03,2H0.  (Anthon.  Journ.  Prakt.  Chem.,  viii. 
and  ix.) 

Tungstate  of  Soda  crystallizes  in  hexahedral  tables,  soluble  in  4 
parts  of  cold,  and  in  2 of  boiling  water,  and  of  an  acrid  taste.  Sulphuric, 
nitric,  and  hydrochloric  acids  occasion  precipitates,  as  in  the  tungstate  of 
potassa.  Bilmigstate  of  Soda  is  easily  crystallizable  and  soluble  in  8 
parts  of  water  at  60°.  By  hydrogen  at  a red-heat  it  is  reduced  to 
neutral  tungstate,  and  a compound  of  soda  and  oxide  of  tungsten,  as 
above  stated.  The  crystallized  neutral  tungstate  includes  2 atoms,  and 
the  bitungstate  4 atoms  of  water.  (Anthon.) 

Tungstate  of  Lime,  of  Baryta,  and  of  Strontia,  are  insoluble 
white  compounds.  Native  Tungstate  of  Lime  is  the  substance  from 
which  Scheele  originally  obtained  tungstic  acid  ; it  generally  accompanies 
tin  ore  in  Bohemia,  Saxony,  and  Cornwall:  fine  specimens  have  also 
been  found  in  Cumberland  : it  is  white  or  nearly  so ; its  primary  form 
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is  an  octoliedron  'VYitli  a square  base ; its  density  about  G.  It  is  con- 
stituted of 


Native. 


nei’zelius. 

Tungstic  acid 1 ....  124  ....  Sl’G  ....  80-417 

Lime  1 ....  28  ....  18-4  ....  19-400 


Tungstate  of  lime  1 152  100-0  99*817 


TuiSGSTATE  OF  Magnesia  is  obtained  by  boiling  tlie  acid  with  mag- 
nesia, filtering,  and  eva23orating ; it  crystallizes  in  pearly  scales.  The 
acids  produce  precipitates  of  triple  compounds  in  its  solution. 


Tungstate  of  Manganese,  formed  by  adding  tungstate  of  potassa  to 
hydrochlorate  of  manganese,  is  an  insoluble  white  powder.  (John, 
Geh/e?is  Joiirtial,  iv.)  Tungstate  Iro7i  \s  also  insoluble.  Timgstate 
of  Zinc  and  of  Tin  have  not  been  described,  nor  have  any  of  the  remain- 
ing tungstates  been  examined  in  their  pure  state. 

Native  Tungstate  of  It'oti  and  Manganese,  or  Wolfrayn,  commonly 
accompanies  tin  stone,  and  is  found  in  Cornwall  and  in  many  of  the  tin 
mines  of  Saxony  and  Bohemia : it  has  also  been  found  in  Siberia,  and  in 
the  United  States  of  America ; its  color  is  nearly  black,  and  it  occurs 
massive  and  crystallized,  its  primary  form  being  a right  oblique-angled 
prism:  its  specific  gravity  is  7'15.  A specimen  analyzed  by  Richardson, 
gave  73‘60  tungstic  acid,  1T20  protoxide  of  iron,  15*75  protoxide  of 
manganese : these  numbers  are  nearly  the  equivalents  of  3 atoms  of 
tungstate  of  iron,  and  4 atoms  of  tungstate  of  manganese.  (Thomson, 
Mmei'alogy,  i.  487*  See  also  in  reference  to  the  composition  of  different 
varieties  of  wolfram,  Schaffgotsch,  An7i.  Ch.  et  Ph.,  3 Ser.  ii.  532.) 


Chloride  of  Tungsten.  WCl2.  When  metallic  tungsten  is  heated 
in  chlorine,  it  burns  and  forms  a red  crystalline  compound,  which  is 
fusible  and  volatile,  and  which,  according  to  Wohler,  becomes  blue  in 
water,  forming  hydrochloric  acid,  and  depositing  a suboxide.  It  is  soluble 
in  caustic  potassa  with  the  evolution  of  hydrogen,  and  yields  tungstate  of 
potassa  and  chloride  of  potassium.  It  consists  of 


JIalaguti. 

Tungsten  1 ....  100  ....  58  ....  57*6 

Chlorine 2 ....  72  ....  42  ....  42*4 


Cliloride  of  tungsten ....  I 172  100  100*0 

Perchloride  of  Tungsten.  WCl3.  When  sulphuret  of  tungsten 
is  heated  in  a current  of  chlorine,  it  burns,  and  forms  a pet'cJdoidde, 
which  condenses  in  red  acicular  crystals.  This  chloride  is  resolved  by  the 
moisture  of  the  air  into  tungstic  and  hydrochloric  acids ; when  gently 
heated,  it  rises  in  the  form  of  a dark-yellow  vapor  before  it  fuses:  heated 
on  a slip  of  platinum  in  the  flame  of  a spirit-lamp,  it  is  decomposed  by 
the  water  of  the  flame,  and  yields  hydrochloric  and  tungstic  acid;  the 
latter  forms  a luminous  fume,  and  condenses  in  large  light  flocks.  It 


consists  of 

Malaguti. 

Tungsten 1 ....  100  48'1  ....  47-4 

Chlorine  3 ....  108  ....  51*9  ....  54*0 


Perchloride  of  tungsten ....  1 208  100*0  100 

^ 3 R 2 
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According  to  H.  Rose  (Ann.  CJi.  el  Lxvi.  215),  tlie  compound 
ol)!:ained  hy  heating  oxide  of  tungsten  in  chlorine,  is  an  oxichloride  of 
tungsten.^  or  a tungstate  of  chloride  of  tungsten,  composed  of  2W03,TVCl3, 


or  of 

IT.  nose. 

Tungsten  3 ....  300  ....  C5’8  ....  C4‘80 

Oxygen  G ....  48  ....  10*5  ....  10'95 

Chlorine 3 ....  108  ....  23-7  ....  24-25 


Oxichloride  of  tungsten  1 456  100  0 lOO’OO 

Bromide  of  Tungsten  appears  to  he  formed  hy  passing  bromine 
vapor  over  a red-hot  mixture  of  tungstic  acid  and  charcoal:  with  excess 
of  bromine,  and  at  a higher  temperature,  the  compound  obtained  is  an 
W03 -{-2WBr3.  (Bonnet.  Journ.  Prakt.  C/^ew.,  x.  206.) 

SuLPHURETs  OF  Tungsten.  When  1 part  of  tungstic  acid  is  mixed 
with  6 of  cinnabar,  and  heated  intensely  for  half  an  hour;  or  when  the 
vapor  of  sulphur,  or  sulphuretted  hydrogen,  is  passed  over  tungstic  acid 
heated  intensely  in  a porcelain  tube,  a black  poAvder  is  obtained,  Avhich 
assumes  metallic  lustre  by  friction,  and  AAdiich  consists,  according  to 
Berzelius,  of  100  tungsten  -{-  33‘6  sulphur:  it  is  therefore  a bisulphur et 
— WS2. 

When  tungstic  acid  is  dissolved  in  hydrosulphuret  of  potassa,  and 
precipitated  by  dilute  sulphuric  acid,  a compound  flills  of  a dirty-yellow 
color,  and  someAvhat  soluble  in  Avater,  Avhich,  according  to  Berzelius,  is  a 
iersulphuret  “ WS3,  the  mode  of  its  formation  being  as  folloAVs:  2W03 
4-3^[K0,HS]  -1-3S03  = 2WS3, -P  6FIO, -P  3 [KO,S03]  ; it  becomes  darker 
colored  Avhen  dried,  and  Avhen  heated  in  close  vessels,  first  giA^es  off  a 
little  AAmter,  and  then  its  excess  of  sulphur:  it  leaves  the  bisulphuret. 

PiiosPHURET  OF  Tungsten.  Pelletier  formed  this  compound,  but  its 
properties  have  not  been  examined.  (Ann.  de  Chirn..^  xiii.  137-) 

Characters  of  the  Compounds  of  Tungsten.  The  general  proper- 
ties and  tests  of  tungsten  and  its  compounds  Avill  be  evident  from  the 
preceding  details.  Before  the  bloAA^-pipe,  tungstic  acid  becomes  upon 
charcoal  at  first  broAvnish-yellovAg  is  then  reduced  to  a broAAUi  oxide,  and 
lastly,  becomes  black  Avithout  melting  or  smoking.  With  microcosmic 
salt  it  forms  in  the  interior  flame  a pure  blue  glass,  Avithout  any  violet 
tinge ; in  the  exterior  flame  this  color  disappears,  and  appears  again  in  the 
interior.  With  borax,  in  the  internal  flame,  and  in  small  proportion,  it 
forms  a colorless  glass,  Avhich,  by  increasing  the  proportion  of  acid, 
becomes  dirty-grey,  and  then  reddish.  By  long  exposure  to  the  external 
flame  it  is  rendered  transparent,  but  as  it  cools  it  becomes  muddy,  Avhitish, 
and  changeable  into  red  Avlien  seen  by  daylight.  It  is  not  reduced.  When 
wolfram  is  heated  before  the  bloAv-pipe,  it  first  decrepitates,  and,  at  a high 
temperature,  fuses  into  a crystalline  globule  of  metallic  lustre;  Avith  borax 
it  forms  a green  bead,  and  Avith  biphosphate  of  soda  it  fuses  into  a deep 
red  globule.  Tungstate  of  lime,  Avhen  heated  by  the  bloAvpipe-flame, 
crackles  and  becomes  opac[ue,  but  does  not  fuse;  Avith  borax,  it  fuses  into 
a globule. 
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Tins  metal  was  discovered  in  1801  by  Mr.  Hatcliett,  in  a mineral  from 
jNoith  America.  {Phil,  Irans.^  1842,  j).  49.)  It  Avas  afterwards  found 
by  Ekeberg  combined  Avitli  the  oxides  of  iron  and  manganese,  and  also 
Avitli  yttria,  in  the  Swedish  minerals  called  tantalite  and  yilro-tanialite. 
(Crell’s  An?i.,  1803.)  Tantalite  is  chiefly  found  in  octohedral  crystals, 
and  in  masses  of  a black  or  grey  color,  in  Finland.  Its  specific  gravity 
is  7'9,  and  it  contains,  according  to  Ekeberg,  80  oxide  of  columbium,  12 
oxide  of  iron,  and  8 oxide  of  manganese.  Yttro-tantalite  is  found  at 
Ytterby,  in  SAveden,  in  a rock  of  red  felspar  and  mica;  it  is  usually  in 
small  masses,  plates,  or  grains ; there  are  three  A^arieties  Avhich  have  been 


1 by  Berzelius,  Avith 

the  folloAving 

results : 

Black. 

Yellow. 

Brown. 

Columbic  acid 

...  57-00  

..  60*124  .... 

....  51*815 

Yttria 

...  20*25  

..  29*780  .... 

....  38*515 

Lime  

6*25  

0*500  .... 

3*260 

Tungstic  acid 

8*25  

1*044  .... 

2*592 

Peroxide  of  iron 

3*50  

1*155  .... 

0*555 

Oxide  of  uranium  

0*50  

6*622  .... 

1*111 

95*75 

99*225 

97*848 

There  is  also  a mineral  found  near  Cape  FareAvell,  in  East  Greenland, 
and  Avhich  has  been  called  Fergusoniie ; it  occurs  crystallized  in  octohedra 
and  their  modifications;  its  density  is  5 '7  to  fi’3;  its  color  broAvnish- 
black;  it  Avas  first  described  by  Haidinger  [Edin,  Phil,  Trails,^  x.  274), 
and  Avas  analyzed  by  IlartAvell;  its  constituents  are 


Columbic  acid 47*75 

Yttria  41*91 

Protoxide  of  cerium  4*68 

Zirconia  3*02 

Oxide  of  tin 1*00 

Oxide  of  uranium  0*95 

Peroxide  of  iron 0*34 


99*65 

AVhen  columbium  AA^as  discovered  in  the  SAvedish  minerals  by  Eke- 
berg, he  considered  it  as  a 7iew  metal,  and  called  it  tantalum.  In  1809 
{Phil.  Trans.)  Wollaston  re-examined  these,  and  the  specimen  in  the 
British  Museum,  originally  analyzed  by  Hatchett,  and  demonstrated  the 
identity  of  columbium  and  tantalum.  As  the  former  name  AAms  given  to 
this  metal  by  its  original  discoverer,  it  is  here  retained ; by  foreign  Avriters 
it  is  usually  called  tantalum.,  and  represented  by  the  symbol  la. 

Columbite  and  tantalite  may  be  decomposed  by  the  following  process: 
Mix  5 parts  of  the  finely-powdered  mineral  AAuth  25  of  carbonate  ot 
potassa,  and  10  of  borax ; fuse  the  mixture,  and,  Avhen  cold,  digest  it  in 
hydrochloric  acid;  this  dissolves  everything  except  the  peroxide  of 
columbium,  Avhich  remains  in  the  form  of  a AAdiite  poAvder.  (M  ollaston, 
Phil.  Trans. ^ 1809,  p.  248.)  From  5 grains  of  columbite^  Dr.  Y ollaston 
obtained  4 grains  of  oxide  of  columbium,  0*75  of  oxide  of  iron,  and 
0*25  of  oxide  of  manganese;  and  from  5 grains  of  tantalite  be  procured 
4*25  of  oxide  of  columbium,  0’50  of  oxide  of  iron,  and  0 2 of  oxide  of 
manganese. 
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Berzelius  obtained  metallic  columbium  by  heating  potassium  with  the 
potassio-jiiioride  of  columhiiim^  and  washing  the  reduced  mass  with  water. 
It  remains  in  the  form  of  a black  powder;  by  pressure  it  acquires  the 
lustre  and  color  of  iron;  it  burns  at  a red-heat  into  a whitish  oxide.  Its 
specific  gravity  is  about  6.  It  is  insoluble,  or  nearly  so,  in  hydrochloric, 
nitric,  and  nitrohydrochloric  acids ; but  is  acted  on  by  hydrofluoric  acid. 
Heated  to  redness,  it  burns  into  columbic  acid.  Mixed  with  nitre,  and 
projected  into  a red-hot  crucible,  it  detonates,  and  is  oxidized.  It  forms 
alloys  with  other  metals.  (A7m.  Ch.  et  Ph.,  iii.  140.)  Its  equivalent  may 
be  assumed  as  185.  (185  Gmelin,  184-9  Graham.) 

Oxide  of  Columbium.  Tantalous  Acid.  Ta02.  "When  columbic 
acid  is  intensely  heated  for  an  hour  and  a half  in  a charcoal  crucible,  it  is 
superficially  reduced  to  a metallic  state,  but  the  interior  portion  is  a dark- 
grey  oxide,  becoming  brown  when  pulverized ; it  is  insoluble  in  the  acids, 
but  may  be  peroxidized  by  fusion  with  potassa:  it  burns  when  heated  in 
the  air:  it  consists  of 


Columbium  

..  1 .. 

..  185 

....  92*04  . 

Berzelius. 
...  92*02 

Oxygen  

..  2 .. 

16 

7-96  . 

7-98 

Oxide  of  columbium  .. 

..  1 

201 

100*00 

100*00 

Columbic  Acid,  Tantaltc  Acid.  TaOs.  The  best  process  for  ob- 
taining columbic  acid  consists  in  fusing  the  ore  of  columbium  wfith  bisul- 
phate of  potassa,  and  proceeding  as  directed  by  Berzelius.  (Lelirhuch.') 
An  easier,  but  less  economical  process,  is  that  of  Ekeberg,  in  which  the 
ore  is  finely  powdered,  and  fused  with  caustic  potassa;  a soluble  colum- 
bate  of  potassa  is  formed,  from  which  the  columbic  acid  may  be  precipi- 
tated, as  a white  hydrate^  by  the  acids.  Dr.  Wollastons  process,  above 
given,  may  also  be  used.  The  characters  of  columbic  acid  are  very  well 
marked.  In  its  anhydrous  state,  after  having  been  ignited,  its  sp.  gr.  is 
6’5:  it  is  nearly  insoluble  in  hydrochloric,  nitric,  and  sulphuric  acids;  it 
is  soluble  in  potassa,  and  carbonate  of  potassa : 8 grains  of  the  latter, 
fused  with  I of  the  oxide,  render  it  soluble  in  water.  It  is  much  less 
soluble  in  soda,  and  only  retained  while  hot. 

The  hydrated  columbic  acid  (Ta03,3H0)  dissolves  in  nitric,  hydro- 
chloric, and  sulphuric  acids,  and,  according  to  Wollaston,  in  tartaric, 
citric,  and  oxalic  acids.  In  this  state,  and  whilst  moist,  it  is  abundantly 
soluble  in  solution  of  binoxalate  of  potassa,  but  scarcely  at  all  in  bitar- 
trate of  potassa.  The  oxalic  solution  is  colorless;  alkalis  throw  down  the 
columbic  acid ; ferrocyanide  of  potassium  produces  in  it  a yellow  preci- 
pitate ; infusion  of  galls  gives  it  an  orange  color,  and  when  added  in 
excess,  produces  a precipitate ; the  hydrosulphurets  occasion  a white 
precipitate,  with  the  evolution  of  sulphuretted  hydrogen.  Columbic  acid 


consists  of 

Berzelius. 

Columbium  1 ....  185  ....  88*5  ....  88*49 

Oxygen 3 ....  24  ....  11-5  ....  11*51 


Columbic  acid  1 209  100*0  100*00 


CoLUMBATE  OF  Ammonia  is  produced  by  digesting  hydrated  columbic 
acid  in  ammonia:  it  is  insoluble,  and  at  a red-heat  yields  ammonia  and 


COLUMBIUM. 


069 

water:  the  ammonia  escapes  by  long  exposure  to  air.  Carbonate  of 
ammonia  only  takes  up  a trace  of  columbic  acid. 

CoLUMBATE  OP  PoTASSA  is  obtained  by  fusing  columbic  acid  with  car- 
bonate of  potassa,  pulverizing  the  product,  and  digesting  it  in  Avater.  The 
columbate  of  potassa,  being  nearly  insoluble  in  a solution  of  carbonate  of 
potassa,  remains,  and  after  it  lias  been  AAnsbed  Avitb  a little  cold  Avater,  it 
may  be  dissolved  in  boiling  Avater ; Avhen  this  solution  is  distilled  to  dry- 
ness, a saline  uncrystallizable  mass  remains,  of  an  unpleasant  metallic 
taste ; its  solution  is  precipitated  by  all  the  acids,  not  excepting  the 
carbonic. 

Columbate  of  Soda  may  be  obtained  as  the  preceding : it  is  less 
soluble,  and  is  almost  entirely  deposited,  as  a Avhite  poAA-der,  during  the 
cooling  of  its  boiling  aqueous  solution. 

CoLUiAiBATE  OF  LiME  and  OF  Baryta  are  insoluble  white  poAvders. 

Ferro-columbate  of  Manganese  has  been  adverted  to  above  as  a 
natural  product,  under  the  name  of  columhite^  or  tanlaliie. 

The  remaining  binary  salts  of  the  columbic  acid  with  the  oxides  have 
not  been  examined. 

Chloride  of  Columbium.  The  metal  burns  Avhen  heated  in  chlorine, 
producing  a yelloAV  vapor,  AAFich  condenses  into  a Avhite  pulverulent  sub- 
stance, Avhich,  on  contact  of  Avater,  is  converted,  with  rapid  action  and 
increase  of  temperature,  into  hydrochloric  and  columbic  acids : this  is 
therefore  a terchloride. 

Fluoride  of  Columbium.  When  hydrated  columbic  acid  is  dissolved 
in  hydrofluoric  acid,  and  evaporated  at  a temperature  of  about  86°,  crystals 
are  obtained,  Avhich  dissolve  Avithout  residue  in  Avater,  and  Avhich  consist 
of  fluoride  of  columbium  and  hydrofluoric  acid.  (Berzelius.)  This 
compound  combines  with  other  fluorides  to  form  columbo-jiuorides . 

SuLPHURET  OF  CoLUMBiUM.  When  columbium  is  heated  in  the  vapor 
of  sulphur  it  burns  into  a sulphuret:  a similar  compound  is  formed  by 
passing  the  vapor  of  sulphuret  of  carbon  over  columbic  acid  heated  to 
whiteness  in  a porcelain  tube.  In  the  air  this  sulphuret  burns  into  co- 
lumbic acid,  AA'hich  obstinately  retains  a portion  of  sulphuric  acid.  Ber  ^ 
zelius  considers  this  as  a terstdphuret . 

The  remaining  combinations  of  columbium  have  not  been  sufficiently 
examined  to  require  notice:  the  characters  of  its  compounds  Avill  be  evi- 
dent from  the  preceding  paragraphs.  H.  Bose  has  announced  the  pre- 
sence of  a ncAA^  metal  in  the  tantalite  of  Bavaria,  Avhich  he  has  called 
Niobium.  (^Ann.  Ch.  et  PA.,  Mars,  1845.) 

§ XXX.  MEBCUBY.  Hg.  1 00. 

The  principal  ore  of  this  metal  is  the  sulphuret^  or  native  cinnabar.^ 
from  Avhich  the  mercury  is  separated  by  distillation  Avith  quicklime  or 
iron-filings.  Mercury  occurs  native.,  in  small  fluid  globules,  generally  dis- 
persed through  the  sulphuret.  It  is  also  found  as  a chloride.,  iodide,  and 


970 


MERCURY. 


selenmret^  but  these  are  rare  ores : in  combination  with  silver  it  consti- 
tutes native  amalgam. 

Mercury  ( J ) is  a brilliant  white  metal,  having  much  of  the  color  of 
silver,  whence  the  terms  liydrargijrum.^  argentum  vivum.^  and  quicksilver. 
It  has  been  known  from  very  remote  ages.  It  is  liquid  at  all  common 
temperatures,  solid  at  —40°,  (38-66°  Hutchins.  Phil.  Trans.^  1763,  p. 
303,)  and  contracts  considerably  at  the  moment  of  congelation.  Its  cha- 
racters, when  frozen,  appear  to  vary  with  the  temperature,  being  flexible 
and  malleable  when  verging  towards  liquefaction,  but  somewhat  brittle  at 
much  lower  temperatures.  Its  specific  heat  is  0*03332.  (Regnault.) 
It  boils  and  becomes  vapor  at  about  660°  (Crichton),  656°  (Hein- 
rich). It  emits  vapor  at  all  temperatures  above  40°,  but  no  apparent 
spontaneous  evaporation  goes  on  from  it  when  below  that  temperature. 
(Faraday.)  Its  specific  gravity  at  60°  is  13‘568.  According  to  Kupfer 
the  density  of  mercury  at  39*2°  is  13‘5886;  at  62  6°,  13*5569 ; at  78*8°, 
13*535.  In  the  solid  state  its  density  exceeds  14.  (14*39  Schulz, 

Gelilens  Journ.^  iv.  434;  14*465  Biddle,  Phil.  Mag.^  xxx.  134.  But 
the  exact  temperature  to  which  these  densities  refer  does  not  seem  to 
have  been  very  accurately  ascertained.)  The  specific  gravity  of  mercurial 
vapor  is  6*976.  (Dumas,  Aim.  de  Ch.  et  Ph..^  xxxiii.) 

Mercury  is  said  to  be  sometimes  adulterated  with  lead  and  bismuth, 
a fraud  easily  detected  by  the  want  of  its  due  fluidity,  and  by  its  not  being 
perfectly  volatile,  but  leaving  a residuum  when  evaporated  from  a platinum 
or  iron  spoon.  The  best  method  of  purifying  it  is  to  redistil  it  in  an  iron 
retort,  or  in  an  earthen  or  glass  retort,  the  surface  of  the  mercury  being 
covered  with  iron  filings;  but  such  an  operation  is  rarely  necessary,  for 
generally  it  is  extremely  pure  as  it  occurs  in  commerce.  When  mercury 
is  perfectly  pure,  it  is  not  afiected  by  exposure  to  or  agitation  in  contact  of 
air,  oxygen,  hydrogen,  nitrogen,  nitrous  and  nitric  oxide,  carbonic  acid, 
or  alcohol;  but  when  impure  it  becomes  covered  with  a grey  powder  when 
long  shaken,  which  is  a mixture  of  the  foreign  metallic  oxide  and  finely- 
divided  mercury.  When,  on  the  other  hand,  pure  mercury  is  shaken 
with  water,  ether,  or  oil  of  turpentine,  or  rubbed  with  sulphur,  sugar, 
chalk,  lard,  conserve  of  roses,  <&c.,  it  is  reduced,  even  in  a vacuum,  to  a 
grey  powder,  wdiich  consists  of  minute  mercurial  globules,  blended  with 
the  foreign  body,  and  when  this  is  abstracted,  they  again  unite  into 
running  mercury.  In  n^ell-made  mercurial  ointment,  these  globules  are 
not  discernible  by  the  naked  eye,  being  from  l-500th  to  1- 1000th  of 
a line  in  diameter.  (Ehrenberg,  Poggend.  xxiv.  40.)  The  mercurial 
ointment,  blue  pill,  and  mercury  with  chalk,  of  the  Pharmacopoeia.,  do 
not  contain  a suboxide  of  mercury,  therefore,  but  are  mere  mixtures  of 
the  different  vehicles  with  mercury  in  a state  of  extreme  mechanical 
division.  The  extent  to  which  this  extreme  division  may  be  carried  is 
well  illustratrated  in  the  preparation  of  which  is  termed  precipitated  mer~ 
cury:  to  obtain  it,  equal  weights  of  crystallized  protochloride  of  tin  and 
corrosive  sublimate  may  be  dissolved,  the  first  in  diluted  hydrochloric 
acid,  and  the  second  in  hot  water,  and  the  solutions  mixed  by  stirring: 
the  salt  of  tin  abstracts  the  whole  of  the  chlorine  of  the  corrosive  sublimate, 
becoming  chloride  of  tin,  which  remains  in  solution,  while  the  mercury  is 
liberated,  and  forms  so  fine  a precipitate  that  it  requires  several  hours  to 
subside.  It  may  be  washed  by  effusion  of  hot  water  and  subsidence,  and 
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slightly  drained  on  a filter,  but  not  allowed  to  dry.  (Graham.)  Anotlier 
mode  of  obtaining  mercury  in  an  extraordinary  state  of  division  consists 
in  agitating  it  in  dilute  sulphuric  acid  in  contact  with  a few  particles  of 
sulphate  of  copper:  in  this  case  electrolytic  actions  are  concerned  j 
metallic  copper  is  first  precipitated  and  then  oxidized,  and  hydrogen  is 
given  out  upon  the  mercury,  Vvhich  appears  to  occasion  it  to  assume  the 
form  of froih.  (Daniell.)  It  certainly  seems  very  probable  that,  although 
mercury  in  its  ordinary  state  is  quite  inactive  as  a medicine  and  passes 
through  the  bowels  unaltered,  it  may  he  absorbed,  and  consequently  prove 
active,  when  in  the  extremely  comminuted  form  into  which  the  preceding 
methods  reduce  it. 

Considerable  difference  of  opinion  has  prevailed  respecting  the  equi- 
valent or  atomic  weight  of  mercury,  arising  out  of  the  different  views 
which  have  been  adopted  in  reference  to  the  constitution  of  its  oxides,  of 
which  there  are  two,  a grey  and  a red,  and  both  of  them  salifiable  : if 
the  grey  be  considered  as  a jn'otoxide,  and  the  red  a hinoxide,  then  the 
number  200  will  represent  the  metal ; if,  on  the  other  hand,  it  be 
assumed  that  the  7'ed  oxide  is  the  proioxide,  and  the  grey  a suboxide  or 
dioxide,  the  number  100  must  be  assumed  as  the  weight  of  the  atom  of 
mercury,  and  there  are  strong  grounds  in  favor  of  the  latter  view ; for 
the  grey  oxide  is  very  unstable,  and  deficient,  therefore,  in  the  characters 
of  a true  protoxide:  whereas  the  red  oxide  is  comparatively  permanent 
and  stable,  and  it  is  eminently  hasie,  verging  even  upon  alkalinity  in 
its  properties;  and  when  to  these  considerations  we  add  the  evidence 
deduced  from  the  connection  between  the  specific  heat  of  mercury  and 
its  atomic  weight,  we  are,  I think,  forced  to  regard  tbe  red  oxide  of 
mercury  as  the  protoxide,  and  notwithstanding  the  inconvenience  that 
will  occasionally  ensue  in  reference  to  the  application  of  this  number  to 
some  of  the  mercurial  compounds,  to  represent  the  metal  by  the  number 
100.  (100  GxMelin,  Thomson;  101-266  Berzelius;  10004  Erhmann 

and  Marchand ; 101*43  Graham;  202  Gregory.) 


Dioxide  of  Mercury.  Suboxide  of  IMercury.  Black  Oxide 
OF  Mercury.  Mercurous  Oxide.  Ilg2  O.  This  oxide,  formerly  termed 
protoxide,  is  obtained  when  its  salts  are  decomposed  by  excess  of  solution 
of  potassa,  or  when  very  finely  levigated  dichloride  of  mercury  (calomel) 
is  triturated  with  excess  of  lime  water ; it  must  be  carefully  w'ashed  with 
cold  water,  and  dried  at  common  temperatures  under  careful  exclusion  of 
light.  Donovan  obtains  it  by  at  once  adding  excess  of  potassa  to 
calomel  diffused  through  Avater : if  too  little  potassa  be  used,  tbe  preci- 
pitate is  resolved  into  suboxide,  protoxide,  and  metal.  {Ann.  Phil. , ydw .') 
According  to  Guibourt,  this  oxide  is  never  obtained  pure,  but  is  always 
partially  resolved,  even  in  the  dark,  into  metaland  protoxide.  (Ann.  Ch. 
ei  Ph.,  i.  422.)  By  triturating  the  protoxide  with  mercury,  a mere 
mixture  is  the  result.  The  Eihiops  per  se  of  old  pharmacy  seems  to 
have  been  this  oxide.  Dioxide  of  mercury,  Avhen  properly  prepared,  is 
a black  or  brownish  black  powder,  sp.  gr.  10'6,  (IIerapath,)  easily 
resolved  by  the  action  of  light,  or  Avhen  moderately  heated,  into  metal 
and  protoxide.  Though  insoluble  in  Avater,  it  has  a metallic  taste. 
AVith  solution  of  sal-ammoniac  it  yields  corrosive  sublimate  and  metallic 
mercury.  It  consists  of 
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Thenard.  Donovan.  Seftstrom. 

Mercury  2 ....  200  ....  96-15  ....  96*16  ....  96-04  ....  96-2 

Oxygen 1 ....  8 ....  3-85  ....  3-84  ....  3-96  ....  3-8 

^ioxide  of  mercury  1 208  100-00  100-00  100  00  100*0 

The  salts  of  this  oxide  are  generally  obtained  either  by  its  direct 
solution;  or  by  digesting  excess  of  mercury  -with  the  acids  or  with  the 
salts  of  the  red  oxide;  or  by  double  decomposition:  they  are  usually 
yellow  when  basic,  but  otherwise  white,  soluble  in  water,  redden  litmus, 
and  taste  metallic:  some  of  them  are  resolved  by  the  action  of  water  into 
an  insoluble  basic,  and  a soluble  acid  salt.  They  give  black  precipitates 
with  the  caustic  alkalis.  With  carbonate  of  potassa  they  afford  yellow, 
and  with  bicarbonate  white  precipitates,  sparingly  soluble  in  excess  of  the 
precipitant,  and  becoming  black,  and  losing  carbonic  acid  when  boiled. 
With  carbonate  of  ammonia  the  precipitate  is  at  first  white,  but  blackens 
on  adding  it  in  excess.  With  hydrochloric  acid  and  soluble  chlorides 
these  salts  give  a white  precipitate  of  dichloride  of  mercury,  Avhich  is 
immediately  blackened  by  the  alkalis.  With  sulphuretted  hydrogen, 
and  the  hydrosulphurets,  the  precipitate  is  black ; with  phosphate  of 
soda,  white ; with  iodide  of  potassium,  dirty  green,  and  soluble  in  excess 
of  the  precipitant;  with  hydrocyanic  acid  mercury  is  precipitated,  and  a 
cyanide  of  mercury  formed.  Hg2,  0 + HCy=:Hg-}-HgCy + HO. 

Oxide  of  Mercury.  Peroxide  of  Mercury.  Red  Oxide  of 
Mercury.  Mercuric  Oxide.  HgO.  This  oxide,  considered,  for  the 
reasons  above  stated,  as  a compound  of  1 atom  of  mercury  with  1 of 
oxygen,  must  be  regarded,  according  to  the  usual  principles  of  nomen- 
clature, as  a protoxide,  though  hitherto  it  has  generally  been  assumed 
as  consisting  of  1 atom  of  mercury  and  2 of  oxygen,  and  has  therefore 
been  termed  the  hinoxide  or  peroxide,  there  being  no  higher  degree  of 
oxidizement.  It  is  produced,  1.  by  exposing  mercury,  heated 
nearly  to  its  boiling-point,  to  the  action  of  air.  It  becomes 
225  coated  with  reddish-brown  scales,  spangles,  and  crystals,  and 
is  ultimately  entirely  converted  into  a red  crystallized  sub- 
stance, called  in  old  pharmaceutical  works,  precipitaium  jjer  se, 
or  calcined  mercury.  It  is  the  hydrargyri  hinoxydum  of  the 

London  Pharmacopceia.  It  is  most  easily  obtained  in  a pure 

form,  by  introducing  into  a flat-bottomed  matrass,  of  the  annexed 
shapely  about  8 ounces  of  mercur}^  and  placing  it  in  a sand- 
bath,  heated  nearly  to  the  boiling-point  of  the  metal.  In  about 
a month’s  time  nearly  the  whole  is  converted  into  oxide,  air 
being  freely  admitted  by  the  tube,  while  its  length  pre- 
' vents  the  escape  of  mercurial  vapor,  which  condenses  and 
falls  back  into  the  body  of  the  vessel ; the  remaining  portion  of  run- 
ning mercury  may  be  driven  off  by  exposing  it  in  a basin  to  a heat 

below  redness.  2.  This  oxide  may  also  be  obtained  by  evaporating 

nitrate  of  mercury  to  dryness,  and  carefully  exposing  the  residue  to  heat. 
In  this  process  25  parts  of  mercury  are  dissolved  in  35  of  nitric  acid, 
nitric  oxide  is  abundantly  disengaged,  and  on  evaporation  to  dryness,  a 


* This  kind  of  flask  or  matrass  was  formerly  termed  by  the  French  “ Boyle’s  Hell,” 
Enfer  de  Boyle  (fig.  325.) 
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pernitrate  of  mercury  remains,  wliicli  is  carefully  heated  so  long  as  fumes 
of  nitrous  acid  are  evolved ; the  resulting  oxide  is  in  the  form  of  an 
orange-red  crystalline  powder,  forming  the  Hiydrargijri  nitrico-oxidum  of 
pharmacy.  (See  Nilrnie  of  Mercuri/.)  3.  A third  mode  of  obtaining 
peroxide  of  mercury  consists  in  adding  excess  of  potassa  to  a solution  of 
corrosive  sublimate,  or  triturating  corrosive  sublimate  in  the  alkaline 
solution : a yellow  powder  is  thus  thrown  down,  which  is  a hydrated 
yeroxide;  it  loses  its  water  at  a moderate  heat.  If  the  potassa  be  not  in 
considerable  excess  the  precipitate  is  an  oxichloride. 

Peroxide  of  mercury  has  an  acrid  metallic  taste,  and  is  poisonous ; it 
is  very  sparingly  soluble  in  water,  and  the  solution  when  exposed  to  air 
becomes  gradually  covered  by  a brilliant  metallic  film  (Dumas);  it  has 
a metallic  taste ; it  converts  the  blue  infusion  of  violet-petals  to  green, 
and  is  rendered  brown  by  sulphuretted  hydrogen ; some  chemists  deny 
this  solubility  of  the  perfectly  pure  peroxide,  and  ascribe  its  apparent 
solubility  to  the  presence  of  a trace  of  the  pernitrate  : but  the  experi- 
ments of  Anthon  and  of  Marchand  confirm  its  solubility.  {Poggefid., 
xuii.  459.)  Its  specific  gravity  is  11’074.  When  this  oxide  is  heated, 
it  acquires  a black  color,  but  becomes  again  red  on  cooling ; at  a red- 
heat  it  evolves  oxygen,  and  is  reduced  to  the  metallic  state : it  was  from 
this  source  that  Priestley  first  obtained  oxygen  gas.  When  long  exposed 
to  light  it  becomes  black  upon  the  surface,  in  consequence,  apparently, 
of  superficial  reduction.  The  peculiarities  of  the  oxide  prepared  by  heat 
alone,  as  opposed  to  those  of  the  precipitated  oxide,  which  have  been 
adverted  to  byPelouze  and  by  Gay  Lussac  {Co7nptes  Rejidus,  xxi.  50  and 
309,)  seem  to  depend  entirely  on  mechanical  causes,  the  aggregation 
probably  of  the  former  rendering  it  less  easily  acted  upon  by  heat,  chlo- 
rine, Szc.  than  the  latter.  It  should  be  entirely  volatilized  when  placed 
upon  a red-hot  iron,  for  it  is  sometimes  adulterated  with  red  lead. 

This  oxide  of  mercury  is  easily  decomposed  by  sulphur,  phosphorus, 
and  several  of  the  metals  : when  mixed  with  sulphur  and  heated  in  a 
retort  it  explodes,  and  with  phosphorus  it  explodes  by  the  blow  of  a 
hammer.  Heated  with  potassium,  and  sodium,  and  with  zinc,  tin,  and 
antimony,  it  is  decomposed  with  ignition.  It  consists  of 


]\lerciiry 

Oxygen 


Zaboada.  Rose.  Proust.  Donovan.  Fonrcroy.  Seftstrora. 


1.. .. 100.. ..92-59  ....  90  ....  91  ....  92  ....  92-75  ....  92-4  .... 

1.. ..  8....  7-41  ....  10  ....  9 ....  8 ....  7-25  ....  7-6  .... 


92-68 

7-32 


Red  oxide  | ^ 100  00  100  100  100  J 00-00  100  0 .100-00 

ot  mercury  j 

This  oxide  combines  with  the  greater  number  of  the  acids,  and  like 
the  dioxide,  forms  compounds  several  of  which  are  resolvable  into  salts 
with  excess  of  base,  and  salts  with  excess  of  acid ; so  that  the  history  of 
the  saline  combinations  of  mercury  is  thus  rendered  somewhat  complex. 
There  is  also  a great  tendency  to  the  formation  of  double  salts  among  the 
haloid  mercurial  compounds ; in  short  mercury  is,  of  all  the  metals,  that 
which  produces  the  most  numerous  and  complicated  series  of  saline  com- 
binations. The  salts  of  the  red  oxide  are,  generally  speaking,  more  active 
and  poisonous  than  those  of  the  black  oxide ; they  mostly  redden  litmus, 
and  are  reduced  first  to  the  state  of  salts  of  dioxide,  and  then  to  metal, 
by  several  deoxidizing  agents,  such  as  phosphorous  and  sulphurous  acids, 
protochloride  of  tin,  sugar,  &c. 
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IIydkaugyrate  of  Ammonia.  Ammoniuret  of  Oxide  of  Mercury. 
When  peroxide  of  mercury  is  digested  in  liquid  ammonia  a pale-yellow 
compound  of  the  peroxide  with  13'6  per  cent,  of  ammonia  is  obtained. 
(G  uiBOURT.)  Dr.  Kane  considers  this  as  a hydrated  compound  of  amide 
and  oxide  of  mercury  :=:UgNIl2 -j- 2IIgO, -1- 3HO;  hut  it  may  also  be 
regarded  as  containing  1 atom  of  peroxide  of  mercury  2 of  ammonia. 
This  compound,  when  recently  prepared,  detonates  when  smartly  struck 
with  a hammer,  or  when  suddenly  heated : when  slowly  heated  it  is 
quietly  decomposed. 

Mercury  and  Chlorine  combine  in  two  proportions,  and  form  a 
dichloride  or  subchloride,  and  a chloride  or  perchloride  of  mercury,  com- 
pounds corresponding  in  composition  with  the  two  oxides,  and,  therefore, 
hitherto  generally  designated  as  the  jn'otocMoride  and  bichloride  of  the 
metal ; the  old  terms  ccdomel  and  corrosive  sublimate  applied  to  these 
chlorides,  are  distinctively  convenient. 

Dichloride  of  Mercury.  Subchloride  of  Mercury.  Calomel. 
Hg2,Cl.  This  compound  is  first  mentioned  by  Crollius,  early  in  the 
seventeenth  century.  The  first  directions  for  its  preparation  are  given  by 
Beguin,  in  the  Tyrocinium  Chemicum.,  published  in  1608.  He  calls  it 
draco  iniiigatns.  Several  other  fanciful  names  have  been  applied  to  it, 
such  as  aquila  mitigata.,  manna  metallortm^  panchymagogum  minerale., 
sublimatum  dulce^  mercurius  clulcis^  &c.  It  is  the  Hydrargyri  chloriduni 
of  the  London  Lharmacopceia. 

There  are  several  processes  by  which  the  dichloride,  or  calomel,  may  be 
obtained:  1.  By  the  action  of  mercury  on  corrosive  sublimate^.  This 
mode  consists  in  triturating  4 parts  of  corrosive  sublimate  with  3 of  mer- 
cury (and  a little  water  to  prevent  the  dust  rising),  until  the  globules 
disappear,  and  the  whole  assumes  the  appearance  of  an  homogeneous 
grey  powder,  which  is  introduced  into  a matrass,  placed  in  a sand-heat, 
and  gradually  raised  to  redness.  The  subchloride  sublimes,  mixed  with 
a little  of  the  chloride,  the  greater  part  of  which,  however,  being  more 
volatile,  rises  higher  in  the  matrass ; that  which  adheres  to  the  subchlo- 
ride may  be  separated,  by  reducing  the  whole  to  a fine  powder,  and 
washing  in  large  quantities  of  hot  distilled  water.  Dichloride,  in  the 
form  of  a dull-white  insipid  powder,  remains.  It  was  formerly  the 
custom  to  submit  this  product  to  very  numerous  sublimations,  under  the 
idea  of  rendering  it  mild;  but  these  often  tended  to  the  production  of 
corrosive  sublimate  ; and  the  calomel  of  the  first  sublimation,  especially 
if  a little  excess  of  mercury  be  found  in  it,  is  often  more  pure  than  that 
afforded  by  subsequent  operations.  In  this  process  the  operation  consists 
in  reducing  the  chloride  to  the  state  of  dichloride  by  the  addition  of 
mercury;  it  is  objectionable  on  account  of  the  heat  required,  and  the 
destruction  of  the  matrasses  in  which  it  is  sublimed,  so  that  some  have 
proposed  to  substitute  the  humid  jjrocess,  as  it  is  termed,  by  precipitation, 
as  devised  by  Scheele  and  Chenevix.  2.  It  is  as  follows : Form  a sub- 


■*  Dr.  A.  T.  Thomson  has  a patent  for  of  mercury  with  chlorine.  {Chem.  Gaz., 
the  manufacture  of  calomel  and  corrosive  February,  1843.) 
sublimate,  by  directly  combining  the  vapor 
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mlrale  of  mercury  by  dissolving  as  much  mercury  as  possible  in  nitric 
acid;  then  dissolve  in  boiling  water  a quantity  of  chloride  of  sodium, 
equal  to  half  the  Aveight  of  tlie  mercury  used,  and  render  this  solution 
sensibly  sour  by  hydrochloric  acid,  and  pour  the  hot  solution  of  subiiitrate 
into  it  Wash  and  dry  the  precipitate.  If  this  process  be  carefully 
performed,  and  the  precipitate  thoroughly  edulcorated,  the  calomel  is  said 
to  be  sufficiently  pure ; Wt  a small  portion  of  chloride  of  sodium  is  apt 
to  remain  combined  Avith  it,  Avhich  might  affect  its  medical  uses. 
3.  The  process  by  sublimation  appears  on  the  Avhole  the  least  exception- 
able for  the  production  of  this  important  article  of  pharmacy : it  is  as 
folloAvs  : Boil  2 pounds  of  mercury  Avith  30  ounces  of  sulphuric  acid  in 
a glass  vessel,  until  the  mercuric  sulphate  is  dry.  When  it  has  cooled, 
rub  it  Avith  2 pounds  of  mercury  in  an  eartheuAvare  mortar,  till  they  are 
Avell  mixed.  Then  add  1 4 pounds  of  chloride  of  sodium,  and  rub  them 
together  until  globules  are  no  longer  visible.  Pat  this  mixture  into  a 
proper  vessel,  and  heat  it  gradually  to  redness  ; the  subchloride  of  mer- 
cury, or  calomel,  sublimes,  and  condenses  in  various  forms,  according  to 
the  rapidity  of  the  operation,  and  the  form  and  capacity  of  the  subliming 
A'essel.  If  intended  for  medicinal  use,  it  should  be  cautiously  reduced  to 
an  impalpable  poAAxIer,  and  Avashed  and  levigated  Avith  repeated  affusions 
of  hot  distilled  Avater,  till  it  becomes  perfectly  tasteless,  and  till  the  clear 
Avater  Avhich  filters  from  the  Avashed  poAvder  is  not  discolored  by  the  addi- 
tion of  an  aqueous  solution  of  sulphuretted  hydrogen.  This  process  has 
many  advantages  over  the  first  method.  The  mercuric  sulphate  may  be 
formed  by  boiling  the  metal  Avith  sulphuric  acid  to  dryness  in  a cast-iron 
vessel,  Avhich  should  be  conveniently  arranged  for  the  escape  of  the  abun- 
dant fumes  of  sulphurous  acid  developed  by  the  action  of  the  mercury, 
and  AA’hich  are  often  a serious  nuisance  to  the  neighbourhood : they  may 
be  very  effectually  annihilated  by  suffering  them  to  pass  through  a long 
flue  and  lofty  chimney,  mixed  Avith  coal  smoke.  The  sulphate  is  then 
triturated  as  above  directed  Avith  a sufficient  quantity  of  metallic  mercury 
to  coiiA'ert  it  into  a sulphate  of  the  suboxide  (or  mercurous  sulphate), 
mixed  Avith  a due  proportion  of  common  salt,  and  subjected  to  sub- 
limation. The  sulphate  of  the  suboxide  is  a compound  of 


1 proportional  of  dioxide  of  mercury  = 208 

I ,,  sulphuric  acid  — 40 


248 


To  convert  it  into  calomel  or 
dichloride  of  mercury,  it  is  mixed 
Avith  I proportional  of  chloride 
of  sodium,  the  chlorine  of  Avhich 
combines  Avith  the  mercurv  of  the 
oxide  to  form  a dichloride,  Avhilst  its 
sodium  l)ecomes  sulphate  of  soda; 
Ifg2,0,S03,  +NaCl=:Xa0,S08  -b 
rig2Cl;  as  shoAvn  in  the  annexed 
diagram. 

Tlie  form  in  Avhich  calomel  sul)- 
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limes  depends  much  upon  the  di- 
mensions and  temperature  of  the  subliming  A'essels.  In  small  vessels  it 
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generally  condenses  in  a crystalline  cake,  the  interior  surface  of  which  is 
often  covered  with  beautiful  quadrangular  prismatic  crystals  (Brooke, 
A7in.  of  Phil. ^ ii.  427,  2nd  Series),  transparent,  and  of  a texture  some- 
what elastic  or  horny : in  this  state  it  acquires,  by  the  necessary  rubbing 
into  powder,  a decidedly  yellow  or  bulf  tint,  more  or  less  deep  according 
to  the  degree  of  trituration  which  it  has  undergone.  If,  on  the  contrary, 
the  calomel  be  sublimed  into  a very  capacious  and  cold  receiver,  it  falls 
in  an  impalpable  and  perfectly  white  ipowder,  which  only  requires 
due  elutriation  to  fit  it  for  use ; it  then  remains  perfectly  white.  By 
a modification  of  the  process,  it  may  be  suffered  as  it  sublimes  to  fall  into 
water,  according  to  JewelFs  patent.  (On  the  means  of  obtaining  calomel 
in  impalpable  powder,  see  Soubeiran,  Journ.  de  Pharm..,  Nov.  1842,  and 
Chem.  Gaz..,  Feb.  1843.)  But  in  whatever  state  calomel  is  obtained  it 
requires  careful  washing  as  above  directed,  and  extreme  care  as  to  its 
state  of  minute  mechanical  division.  It  was  formerly  the  custom  to  wash 
it  with  solution  of  sal-ammoniac  or  of  common  salt,  in  order,  as  it  was 
supposed,  the  more  effectually  to  deprive  it  of  adhering  corrosive  subli- 
mate ; but  in  these  cases  a portion  of  the  calomel  was  actually  decom- 
posed and  converted  into  corrosive  sublimate  and  metallic  mercury ; so 
that  copious  ablution  with  hot  distilled  water  should  only  be  resorted  to. 
The  different  aspects  under  which  calomel  presents  itself,  will  now  be 
intelligible. 

It  may  be  added,  that  the  buff  aspect  of  this  substance  generally 
indicates  the  absence  of  corrosive  sublimate,  though  it  by  no  means 
follows,  as  a consequence,  that  when  snow-white,  it  contains  it.  When 
the  surface  of  massive  sublimed  calomel  is  scratched,  it  always  exhibits  a 
buff  color : it  also  becomes  yellow  when  heated,  but  loses  this  tint  as  it 
again  cools. 

Calomel  should  be  perfectly  tasteless,  inodorous,  and  insoluble  in 
water.  Dumas  states  it  to  be  soluble  in  12,000  parts  of  boiling  Avater; 
and  Graham  says  it  is  so  insoluble,  that  A^hen  protonitrate  of  mercury 
is  added  to  Avater  containing  a two  hundred  and  fifty-thousandth  part  of 
hydrochloric  acid,  a sensible  precipitate  of  calomel  appears.  I have  found 
that,  upon  pouring  distilled  Avater  upon  pure  calomel  on  a good  filter,  the 
liquor  AAdiich  passes  is  not  affected  by  sulphuretted  hydrogen.  Many 
authorities,  hoAvever,  concur  in  stating  that  by  continuous  boiling  in 
Avater,  a portion  of  corrosive  sublimate  is  eventually  formed.  Its  specific 
gravity  is  7*17  (Hassenfratz)  : 6*9  (Karsten)  : 7*14  (Boullay.)  At  a 
heat  someAvhat  beloAv  redness,  it  rises  in  vapor,  Avithout  previous  fusion ; 
but  it  fuses  Avhen  subjected  to  heat  under  pressure.  It  emits  no  vapor  at 
common  temperatures,  (Faraday).  The  density  of  its  vapor  is  about 
8'2 ; or  119  in  reference  to  hydrogen  as  unity.  When  scratched  or 
broken  in  the  dark,  it  phosphoresces.  It  is  decomposed  by  the  fixed 
alkalis  and  by  ammonia,  and  suboxide  of  mercury  is  one  of  the  results. 
Ammoniacal  gas  blackens  calomel,  but  heat  restores  the  original  color, 
and  the  calomel  is  unchanged.  By  hot  hydrochloric  acid  it  is  resolved 
into  mercury  and  corrosive  sublimate,  but  Avhen  boiled  in  dilute  hydro- 
chloric acid  a portion  is  dissolved  Avithout  decomposition.  (Boullay, 
Ann.  Ch.  et  Ph.^  xxxiv.  343  ; Mialhe,  Journ.  de  Pfiarm..^  xxvi.)  B}^ 
nitric  acid  it  is  converted  into  corrosive  sublimate  and  pernitrate,  Avith 
the  evolution  of  nitric  oxide,  3Hg2,Cl  + 4N05:rz3IIgCl-i-3[Hg0,N05] 
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-f-N02.  Sulphur,  phosphorus,  and  several  of  the  metals  decompose  it: 
thus,  when  heated  with  a minimum  of  sulphur  it  yields  cinnabar  and 
corrosive  sublimate ; IIg2,Cl  + S = HgS  + HgCl ; with  a maximum  of 
sulphur  the  products  are  cinnabar  and  chloride  of  sulphur;  Hg2,Cl  + 4S 
=2IIgS  + S2,C1.  (Gmelin.)  Heated  in  the  vapor  of  phosphorus,  the 
products  are  phosphuret  of  mercury  and  chloride  of  phosphorus.  (H. 
Davy.)  Boiled  with  copper  and  water,  chloride  of  copper  and  metallic 
mercury  are  produced.  (Vogel,  Journ.  Prakt.  viii.  IO7.)  When 

calomel  is  triturated  with  iodine  and  water,  corrosive  sublimate  and 
iodide  of  mercury  are  formed;  Hg2,Cl  + I=r:IIgCi  + HgI.  AVith  aqueous 
hydrocyanic  acid  calomel  yields  metallic  mercury,  and  cyanide  of  mercury 
and  hydrochloric  acid  are  found  in  solution;  IIg2,  Cl  + HCy =IIg  + HgCy 
+ HC1.  Calomel  consists  of 
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Native  Protochlo7'ide  of  Mercu?y,  or  Mer'curial  Hoiii  Ore,  has  been 
found  in  Germany,  France,  and  Spain,  usually  crystallized,  and  sometimes 
incrusting  and  massive  : it  is  rare. 

Chloride  of  Merc  dry.  Perchloride  of  Mercury.  Bichloride 
OF  Mercury.  Oxymuriate  of  Mercury.  Corrosive  Sublimate. 
HgCl.  AVhen  mercury  is  heated  in  excess  of  chlorine,  it  burns  with  a 
pale  flame,  the  gas  is  absorbed,  and  a w^hite  volatile  substance  rises,  which 
is  this  chloride.  AVhen  oxide  of  mercury  is  substituted  for  the  metal, 
oxygen  is  expelled;  HgO  + Cl  — HgCl  + 0:  and  when  the  oxide  is  gently 
heated  in  hydrochloric  gas,  waiter  and  the  chloride  are  the  results;  HgO 
+ HClrz:HgCl  + HO.  The  mechanical  condition  of  the  oxide  greatly 
influences  these  actions : (See  in  reference  to  them,  hypochloric  acicl^  &c. 

p.  281.) 

The  ordinary  process  for  making  corrosive  sublimate,  consists  in 
exposing  a mixture  of  chloride  of 
sodium  and  sulphate  of  mercury 
to  heat  in  a proper  subliming- 
vessel.  The  sulphate  is  formed 
by  boiling  2 lbs.  of  mercury  with 
30  oz.  of  sulphuric  acid  to  dry- 
ness; it  is  then  rubbed  to  powder 
wdth  4 lbs.  of  chloride  of  sodium, 
and  the  mixture  put  into  a large 
flask  or  into  an  earthen  subliming- 
, vessel,  and  exposed  to  a heat  gra- 
dually raised  to  redness:  corrosive 
siihlimale  rises,  and  sulphate  of 

is  the  residue;  IIg0,S03-l-NaCl:=Na0,S03-l-IIgCl,  as  shown  in 

the  annexed  diagram. 

The  sulphate  of  mercury  is  generally  prepared  upon  the  large  scale  by 
heating  the  acid  and  metal  in  an  iron  pot,  as  in  the  case  of  calomel. 
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proper  means  Leing  adopted  to  carry  ofl  the  copious  fumes  of  sulphurous 
acid  arising  from  tlie  decomposition  of  a portion  of  the  sulphuric  acid, 
during  the  peroxidizement  of  the  mercury.  The  whole  is  then  evapo- 
rated to  dryness,  and  the  subsequent  suhlirnation  is  performed  in  glass, 
earthenware,  or  iron  vessels,  their  form  and  arrangement  being  much 
dependent  upon  the  quantity  of  materials  employed. 

Chloride  of  mercury  has  an  acrid  nauseous  taste,  leaving  a permanent 
metallic  and  astringent  flavor  upon  the  tongue  : it  is  a powerful  corrosive 
poison.  It  evaporates  to  a small  extent  at  common  temperatures. 
(Faraday.)  Its  specific  gravity  is  5*2  (Hassenfratz)  : 5-4  (Karsten): 
5 '42  (Boullay).  It  is  usually  met  with  in  the  form  of  white  semi-trans- 
parent and  imperfectly-crystallized  masses ; or  in  powder.  It  frequently 
exliibits  prismatic  crystals  upon  the  inner  surfaces  of  the  sublimed  cakes. 
(Brooke,  Ann,  of  Phil. 2ncl  Series,  vi.  285.)  It  is  soluble  in  about  16 
parts  of  cold,  and  3 of  hot  water,  (18*5  of  water  at  60°,  and  2 to  3 of 
water  at  212°.  J.  Davy),  and  as  the  solution  cools,  it  deposits  quadran- 
gular prismatic  crystals : it  is  more  copiously  soluble  in  alcohol,  7 parts 
of  which  at  60°  dissolve  3,  and  at  its  boiling-point  6,  of  corrosive  subli- 
mate : it  is  also  soluble  in  ether,  which,  at  common  temperatures,  takes 
up  about  one-third  its  weight;  and  when  ether  is  agitated  with  the 
aqueous  solution,  it  abstracts  the  perchloride  from  the  water : it  is  also 
soluble  in  volatile  oils.  According  to  Gmelin,  it  dissolves  in  3 parts  of 
alcohol  and  in  4 of  ether.  When  heated,  it  readily  fuses,  boils,  and  en- 
tirely sublimes  in  the  form  of  a dense  white  vapor,  powerfully  atfecting 
the  nose  and  mouth : the  density  of  its  vapor  is  9*4 ; I volume  of  it 
including  I volume  of  mercury-vapor  and  1 volume  of  chlorine.  It  is 
nearly  insoluble  in  concentrated  nitric  and  sulphuric  acids.  Hydrochloric 
acid  of  the  specific  gravity  1T58,  at  the  temperature  of  60°,  dissolves 
about  its  own  weight,  and  the  solution,  when  cooled  to  about  40°,  con- 
cretes into  a mass  of  acicular  crystals ; there  appear  to  be  two  or  three  of 
these  definite  liydrochloraies  of  chloride  of  mercury ; they  are  partially 
decomposed  when  added  to  great  excess  of  water,  and  resolved  into  free 
hydrochloric  acid  and  chloride. 

When  solution  of  chloride  of  mercury  is  decomposed  by  potassa,  soda, 
or  lime,  a yellow  precipitate  is  thrown  down,  which,  when  the  alkali  is  in 
excess,  is  a hydrated  oxide  of  mercury.  Such  a mixture  of  a pint  of 
lime-water  with  a drachm  of  corrosive  sublimate  is  used  as  an  external 
application,  under  the  name  of  Aciua  phageda’nica.,  or  red  lotion.  It  is  in 
fact  a solution  containing  un decomposed  corrosive  sublimate  and  chloride 
of  calcium,  mixed  with  oxide,  or  with  oxichloride,  of  mercury.  For  the 
entire  decomposition  of  I atom  of  corrosive  sublimate  —136,  1 atom  of 
lime  is  required  =28:  and  the  results  are  1 atom  of  oxide  of  mercury  = 
108,  and  1 of  chloride  of  calcium  =56:  or  HgCl  + CaO  = HgO  + CaCl. 
When  calomel  is  similarly  decomposed,  black  or  suboxide  of  mercury  is 
thrown  down,  and  the  mixture  was  formerly  known  in  pharmacy  under 
the  name  of  black  lotion:  in  this  case  1 atom  or  equivalent  of  calomel  = 
236,  being  decomposed  by  1 of  lime  = 28,  the  results  are  1 atom  of  sub- 
oxide of  mercury  =208,  and  1 of  chloride  of  calcium  = 56:  or  Hg2,Cl  -h 
CaO  = Hg2,0  4- CaCl.  When  in  these  cases  of  decomposition  of  calo- 
mel, an  aqueous  solution  of  ammonia  is  substituted  for  that  of  lime, 
or  of  the  fixed  alkalis,  one  half  of  its  chlorine  is  converted  into  sal- 
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ammoniac,  and  a dark  grey  powder  results,  wliicli  is  a compound  of  sub- 
cldoride  and  subamidide  of  mercury;  2NIl3,-f2[Ig2Cl,r=:Nir4Cl  + 
[Mg2,Cl; +IIg2,NIl2].  Kane.  The  corresponding  decomposition  of 
corrosive  sublimate  will  be  noticed  in  a subsequent  paragraph.  AVhen 
calomel,  or  corrosive  sublimate,  is  heated  to  redness  with  the  fixed 
alkalis,  the  results  are  mercury,  oxygen,  and  a chloride  of  the  alkaline 
metal:  thus,  in  respect  to  calomel,  IJg2  Cl  + KO-2IIg  + 0 + KCl;  and 
with  corrosive  sublimate,  llgCl  + KG  = Ilg-f  O + KCl. 

Corrosive  sublimate  is  either  decomposed  bjq  or  combines  with,  the 
greater  number  of  organic  bodies;  some  of  them  convert  it  into  calomel, 
by  the  abstraction  of  chlorine;  others  enter  into  more  complicated  com- 
binations, some  of  wdiich  are  remarkably  permanent;  the  applications  of 
it  to  the  preservation  of  anatomical  preparations,  and  to  the  prevention 
of  dry  rot,  illustrate  these  actions,  and  will  again  be  alluded  to  under 
organic  bodies:  hence  also  the  efficacy  of  a mixture  of  white  of  egg  and 
■water,  in  preventing  or  mitigating  the  poisonous  effects  of  corrosive  sub- 
limate in  the  stomach. 

Corrosive  sublimate  consists  of 
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OxiCHLORiDE  OF  Mercury.  IIgCl,3IIgO.  It  has  been  stated  that 
when  a solution  of  corrosive  sublimate  is  decomposed  by  excess  of  potassa 
or  soda,  a hydrated  peroxide  of  mercury  is  thrown  dowm;  but  if  the  mer- 
curial salt  remain  in  excess,  the  precipitate  is  then  of  a brown  color,  and 
contains  oxide  and  bichloride  of  mercury;  'when  the  alkaline  carbonates 
are  used,  there  are  the  same  general  results;  ])ut  ■with  bicarbonate  of 
potassa  or  of  soda,  there  is  no  immediate  precipitate,  so  that  a solution  of 
corrosive  sublimate  may  be  employed  to  detect  the  presence  of  neutral 
alkaline  carbonate  in  those  bicarbonates.  Oxichloride  of  mercury  may 
also  be  formed  by  passing  chlorine  through  a mixture  of  Avater  and  oxide 
of  mercury;  in  this  Avay,  100  parts  of  the  oxide  yield  about  58  of  a broAvn 
crystallized  powder.  It  may  also  be  obtained  crystalline,  and  of  a very 
dark  color,  by  mixing  solutions  of  corrosive  sublimate  and  chloride  of 
lime,  and  boiling  the  liquid;  or  by  treating  a solution  of  corrosive  subli- 
mate with  bicarbonate  of  potassa,  and  alloAving  the  solution  to  stand  in  an 
open  vessel,  Avhen  carbonic  acid  gradually  escapes,  and  oxichloride  is  depo- 
sited. It  is  also  formed  by  boiling  a solution  of  corrosive  sublimate  with 
carbonate  of  lime.  This  oxichloride  is  decomposed  by  a moderate  heat; 
chloride  of  mercury  sublimes,  and  the  red  oxide  is  left.  Mixed  Avith  potassa 
and  heated  to  redness,  the  products  are  oxygen  gas,  mercury,  and  chloride 
of  potassium.  It  is  A-ery  sparingly  soluble  in  cold  Avater;  somcAAdiat  more 
soluble  in  boiling  Avater,  Avhich,  on  cooling,  deposits  dark-broAvn  crystal- 
line grains.  Its  components  are 

Phillips.  Soubeiran.  Thaulow. 

iMei’Cury 4 ....  400  ....  {!G-95  ....  3C-53  ....  87^4)  ....  88- 70 

Chlorine 1 ....  38  ....  7-02  ....  8-85  ....  7-12  ....  7-88 

OxA’H-en  . . 3 ...  24  ....  5-23  ....  8-57  ...  5-38  Vi)3 

Oxichloride  of  mercury  1 480  100  00  100-00  100-00  100-00 

A'ol.  II.  y S 
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Ammoniochloride  of  Mercury.  ]SIH3,2HgCI.  When  corrosive 
sublimate  is  heated  in  a stream  of  ammoniacal  gas,  a white  crystalline, 
volatile,  and  fusible  compound  is  obtained,  which  is  not  soluble  in  water 
without  decomposition.  (H.  Rose,  Poggend.^  xx.  158.)  According  to 
Mitscherlich  a similar  compound  is  obtained  by  heating  a mixture  of  red 
oxide  of  mercury  and  sal-ammoniac.  Kane  and  Gmelin  have  suggested 
various  formula?  by  which  it  may  be  represented  : the  simplest  view  of  its 
composition  is 

II.  Rose. 

Ammonia  1 ....  17  ....  5'89  ....  G‘37 

Chloride  of  mercury  2 ....  272  ....  94’11  ....  93*63 

Ammoniochloride  of  mercury  ....  1 289  100*00  100*00 

Hydrargochloride  of  Ammonium.  Sal  Alembrotii.  NId4,Cl  + 
IlgCl.  When  a solution  containing  1 atom  of  sal-ammoniac  and  1 of 
corrosive  sublimate  in  a small  quantity  of  water  is  carefully  evaporated,  it 
yields  rhombic  and  acicular  prisms  : they  dissolve  in  0*66  of  water  at  50°, 
and  are  much  more  soluble  in  boiling  water : they  are  jiermanent  in  the 
air,  but  when  dried  at  212°,  become  opaque,  and  lose  about  5*5  per  cent. 
of  water.  The  components  of  the  anhydrous  salt  are 

Chloride  of  ammonium  1 ....  54  ....  28*42 

Chloride  of  mercury  1 ....  136  ....  71  58 

Hydrargochloride  of  ammonium  ....  1 190  100*00 

When  1 atom  of  sal-ammoniac  and  2 of  corrosive  sublimate  are  inti- 

mately mixed  and  duly  heated,  a compoundrz;  NH4,Cl-b2ITgCl  sublimes: 
when  the  same  salts  are  dissolved  in  ^\nter,  the  solution  yields,  on  evapo- 
ration, long  silky  acicular  crystals  r=:NH4,Cl  -f-  2HgCl  -}-  HO. 

Amidochloride  of  Mercury.  Hg  NH2,HgCl.  Obtained  by  adding 
slight  excess  of  ammonia  to  a solution  of  corrosive  sublimate,  washing  the 
precipitate  with  a little  cold  water,  and  drying  it  by  a gentle  heat: 
2HgCl -f  2NH3  — IIgNH2,FIgCl  + NH4,C1.  It  is  a white  powder,  which 
when  heated  to  redness,  is  resolved  into  calomel,  nitrogen,  and  ammonia. 
3[HgNll2,IIgCl]  =:3[Hg2Cl]-|-N-f-2NH3.  Boiled  in  water  it  is 
converted  into  sal-ammoniac,  which  is  dissolved,  and  an  almost  insoluble 
yellow  powder,  which  is  a compound  of  amidide,  chloride,  and  oxide  of 
mercury:  2 [IIgNH2,HgCl]  -f  2HO  = NH4C1  + [HgNH2  -f  HgCi  -f 
2HgO.]  (Kane,  T?  'cins.  R,  Irish  Acad.^  xvii.)  The  components  of  the 
above  white  precipitate  are 

Mercury  2 ....  200  ....  79*38 

Nitrogen  1 ....  14  ....  5*56 

Hydrogen 2 ....  2 ....  0*79 

Clilorine  1 ....  36  ....  14*27 

Amidochloride  of  mercury  1 252  100*00 

This  compound  is  the  Hydrargyri  ammonio-chloridum  of  the  London 
Pharmacopoeia^  and  is  considered  by  Phillips  as  composed  of  1 equivalent 
of  corrosive  sublimate,  1 of  oxide  of  mercury,  and  1 of  ammonia.  {Trans- 
latio)i  Lond,  Pharm.)  By  Flennel  {Quart.  Journ.  Science,)  and  Mits- 
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clierlicli  (^Ann.  Cli.  ct  Ph.,  xxxv.  428,)  it  is  represented  as  a compound  of 
1 equivalent  of  oxide  of  merciuy,  and  1 of  sal-ammoniac ; but  the  exist- 
ence of  oxygen  in  the  dry  compound  has  certainly  not  been  satisfactorily 
proved. 

Amidociiloride  op  Mercury  with  Chloride  of  Ammonium.  Hg, 
NIl2,IIgCl  -h  NH4  Cl.  This  is  the  ivliite  powder  which  falls  on  adding 
carbonate  of  potassa  or  soda  (not  in  excess)  to  a cold  aqueous  solution  of 
equal  parts  of  corrosive  sublimate  and  sal-ammoniac:  it  is  the  “white 
precipitate”  and  calx  hydrargyri  alba  of  former  Pharmacopoeiie  : it  is  not 
decomposed  by  boiling  water,  and  fuses  when  heated,  giving  off  ammonia 
and  nitrogen,  whilst  a mixture  of  calomel,  corrosive  sublimate,  and  sal- 
ammoniac  sublimes.  (Kane,  Elem.  Chem.^  8370  components  are 
stated  to  be 


Kane. 

Mercury  2 ....  200  ....  65-3G  ....  Go-81 

Nitrogen 2 ....  28  ....  O'll  ....  8-9G 

Hydrogen  G ....  G ....  FOG  ....  1-92 

Chlorine  2 ....  72  ....  23-57  ....  22-57 


Amidociiloride  of  ammonium  and  mercury  1 30G  100-00  99-2G 

These  preparations  are  sometimes  adulterated  with  sulphate  of  lime, 
and  carbonate  of  lead,  impurities  whicli  are  detected  by  their  want  of 
volatility  at  a red-heat  : their  only  use  is  in  pharmacy,  being  applied 
chiefly  in  the  form  of  ointment  in  certain  diseases  of  the  skin  : they  are 
also  employed  for  the  destruction  of  lice. 

IIydrargociiloride  of  Potassium.  Chloriiydrargyrate  of  Po- 
TxVSSiUM.  KCl,IIgCl.  When  excess  of  corrosive  sublimate  is  added  to  a 
solution  of  chloride  of  potassium,  the  addition  of  alcohol  to  the  mixed 
solution  causes  the  separation  of  silky  crystals:  their  aqueous  solution 
yields  right  rhombic  prisms,  composed,  according  to  Bonsdorff  {Ann.  Ch. 
ei  Ph.,  xuiv. ; Poggend.^  xvii.  123),  of 


Bonsdorff. 

Chloride  of  potassium  1 ....  70  ....  34-39  ....  33-73 

Chloride  of  mercury 1 ....  13G  ....  Gl-53  ....  G1'31 

Water  1 ....  9 ....  4-00  ....  4-9G 


IIydrargociiloride  of  potassium....  1 221  100-00  100  00 

By  dissolving  in  water  the  crystals  which  are  deposited  from  a solution 
of  corrosive  sublimate  in  strong  cold  hydrochloric  acid,  and  then  saturat- 
ing with  potassa,  silky  acicular  crystals  are  deposited,  difficultly  soluble 
in  alcohol,  but  very  soluble  in  water  =KC1,  2ngCl.  (Boullay.  An?i. 
Ch.  et  Ph.^  xxxiv.  344.)  They  contain 


Bonsdorff. 

Chloride  of  potassium 1 ....  7G  ....  20-77  ••••  20-97 

Chloride  of  mercury  2 ....  272  ....  74-32  ....  75-24 

Water  2 ....  18  ....  4-91  ....  3-/9 


Bihydrargochloride  of  potassium  1 3GG  100-00  lOO'OO 

When  a boiling  solution  of  corrosive  sublimate  in  hydrochloric  acid  is 
saturated  with  potassa  and  cooled,  it  deposits  silky  crystals  containing 
KCl,4HgCl.  (Boullay.)  The  same  salt  is  obtained  by  agitating  a hot 

3 S 2 
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aqueous  solution  of  cliloride  of  potassium  with  powdered  corrosive  sub- 
limate; on  cooling,  the  liquor  concretes  into  a crystalline  mass:  the  cry- 
stals are  easily  soluble  in  warm  water,  but  less  so  in  alcohol.  They 
contain 

Chloride  of  potassium  1 ....  70  ....  ll’oh 

Cliloride  of  mercury 4 ....  544  ....  82’91 

Water  4 ....  36  ....  551 

Quadrihydrargocliloride  of  potassium  1 656  lOO'OO 

In  these  compounds  it  is  assumed  that  the  relation  of  the  mercuric 
chloride  to  the  chloride  of  potassium,  is  that  of  acid  to  base. 

Hydrargociiloride  of  Sodium.  By  agitating  pulverised  corrosive 
sublimate  in  a saturated  solution  of  chloride  of  sodium,  and  leaving  the 
filtered  liquor  to  spontaneous  evaporation,  groups  of  delicate  six-sided 
prisms  are  formed  — NaCl,2HgCl,3HO.  They  are  permanent,  soluble  in 
0’3  of  water  at  60°,  and  fusible  at  212°  in  their  w^ater  of  crystallization, 
(Bonsdorff.)  Their  aqueous  solution  is  precipitated  by  the  alkalis  in 
the  same  way  as  corrosive  sublimate.  When  agitated  with  ether  the 
corrosive  sublimate  is  not  abstracted  by  that  liquid,  but  it  takes  up  the 
double  salt  in  the  proportion  of  1 part  to  275  of  ether.  (Lassaigne, 
Ch.  et  P/i.,'Lxiv.  104.) 

A solution  of  7 parts  of  common  salt  in  20  of  water  dissolves  32  parts 
of  corrosive  sublimate  (at  60°),  and  35  parts  when  gently  heated ; its 
specific  gravity  is  then  2*14.  (J.  Davy.)  The  salt  NaC],HgCl  is  not 

crystallizable.  (Bonsdorff.)  The  above-mentioned  crystals  contain 


Schindler,  Bonsdorff. 

Chloride  of  sodium  1 ....  60  ....  16’7l  ....  16’10  ....  16’0 

Chloride  of  mercury  2 ....  272  ....  75‘82  ....  75*86  ....  75*0 

Water  3 ....  27  ....  7*47  ....  7*73  ....  8*8 


Bihydrargochloride  of  sodium  1 359  100*00  99'09  99*8 

IIydrargochloride  of  Calcium.  CaCl,  5HgCL  When  a strong  solu- 
tion of  chloride  of  calcium  is  saturated  with  corrosive  sublimate  and 
evaporated,  it  deposits  octohedral  crystals,  somewhat  deliquescent,  and 
which  are  decomposed  by  cold  water  so  as  to  become  opaque  from  the 
superficial  separation  of  corrosive  sublimate;  but  when  heat  is  applied  the 
resulting  solution  again  yields  similar  crystals  to  those  originally  formed, 
and  consisting  of 


Chloride  of  calcium 

1 .. 

56 

....  6*93 

Bonsdorff. 

6*65 

Chloride  of  mercury  

5 .. 

..  680 

....  84*16 

....  85*23 

Water 

8 .. 

..  72 

8*91 

8*12 

IIydrargochloride  of  calcium 

1 

808 

100*00 

100*00 

"When  the  mother-liquor  of  the  above  salt  is  further  evaporated,  it 
yields  acicular  crystals,  which  by  a second  solution  and  evaporation  at 
90°  may  be  obtained  in  rhombic  tables,  very  deliquescent,  and  apparently 
= CaCI,2HgCl,6HO.  (Bonsdorff.) 

IIydrargochloride  of  Barium.  BaCl,2TIgCl.  A cold  saturated 
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solution  of  chloride  of  barium  shaken  'with  pulverized  corrosive  sublimate 
and  filtered,  at  first  deposits  crystals  of  corrosive  sublimate,  and  after- 
•\vards  those  of  the  double  salt  in  small  rhombic  prisms  and  tables  vhich 
slightly  effloresce  in  dry  air.  (Bonsdorff.  Foggend.^  xvii.  130.)  They 
consist  of 


Chloride  of  barium  

1 

....  105  . 

...  20-58 

Bonsdorff. 

....  28-67 

Chloride  of  mercury  

2 

....  272  . 

...  08-8G 

...  65-78 

Water 

2 

Id  . 

4-50 

5-60 

IIydrargociiloride  of  barium 

1 

505 

100-00 

100-00 

20  parts  of  water  saturated  at  60°  with  8*7  parts  of  crystallized  chlo- 
ride of  barium,  dissolve  20  parts  of  corrosive  sublimate  when  gently 
heated:  the  specific  gravity  of  the  solution  is  1‘9,  and  it  deposits  small 
cubic  crystals.  (J.  Davy,  Phil.  Trans. ^ 1822,  364.) 

II  YDRARGOCHLORiDE  OF  Strontium  may  be  obtained  in  the  form  of 
acicular  crystals,  permanent  in  the  air. 

IIydrargochloride  of  Magnesium.  A saturated  solution  of  corro- 
sive sublimate  and  chloride  of  magnesium  yields  on  careful  evaporation 
two  sets  of  crystals;  those  which  are  first  deposited  are  =:  MgCl,3IIgCl, 
5110;  they  are  flat  rhombic  prisms,  permanent  in  the  air,  and  by  the 
first  action  of  water  become  milky,  but  afterwards  dissolve  and  may  again 
be  obtained  by  evaporation.  When  the  mother-liquor  is  evaporated  in 
vacuo,  extremely  deliquescent  rhombic  prisms  are  formed,  having  the 
formula  MgCl,HgCl,61IO.  (Bonsdorff.) 

IIydrargociiloride  of  Manganese.  Solution  of  protochloride  of 
manganese  saturated  by  corrosive  sublimate  and  evaporated  in  vacuo  over 
oil  of  vitriol,  first  deposits  crystals  of  corrosive  sublimate,  and  then  pale 
red  transparent  rhombic  prisms,  efflorescent  in  vacuo,  but  deliquescent 
in  damp  air:  their  formula  is  MnCl,IIgCl*4IIO.  (Bonsdorff.) 

IlYDRARGOcnuoRiDE  OF  Iron.  Aqueous  solution  of  chloride  of  iron 
dissolves  corrosive  sublimate,  and  on  evaporation  in  vacuo  a portion  of 
the  latter  salt  separates,  and  then  rhombic  prisms  isoraorphous  with  the 
manganese  salt  are  formed,  which  deliquesce  in  the  air  and  deposit  a brown 
powder:  they  are  = FeCl,IIgCl, 4110.  (Bonsdorff.) 

IIydrargociiloride  of  Zinc.  The  mixed  solution  of  chloride  of 
zinc  and  mercury  first  deposits  crystals  of  corrosive  sublimate,  and  then 
a very  deliquescent  double  salt.  (Bonsdorff.) 

IIydrargociiloride  of  Tin.  SnCl,IIg2  Cl.  The  pulverized  amal- 
gam of  3 parts  of  tin  and  1 of  mercury  is  mixed  with  24  parts  of  calomel 
and  heated  in  a sufficiently  capacious  glass  retort  up  to  about  480°,  when 
a sudden  action  ensues,  and  on  breaking  the  retort  when  cold,  a bulky 
grey  compound  is  obtained,  together  with  metallic  mercur}M  the  former 
is  pulverized  and  heated  in  a flat-bottomed  flask  in  a bath  of  fusible  metal, 
so  that  its  temperature  may  not  exceed  the  boiling-point  of  mercury,  till 
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white  fumes  no  longer  arise;  bichloride  of  tin  is  first  evolved;  a sublimate 
is  then  obtained  of  hydrargochloride  of  tin^  and  protochloride  of  tin  and 
mercury  remain:  the  sublimate  is  removed  on  carefully  cutting  the  flask 
asunder:  it  is  in  the  form  of  small  white  arborescent  crystals,  and  when 
heated  up  to  its  point  of  vaporization  is  partially  decomposed : it  is  decom- 
posed by  water  into  mercury,  calomel,  and  chloride  of  tin.  (Capitaine. 
Joiirn.  de  Pharm.^  xxv.  549.)  It  consists  of 


Capitaine. 

Till  1 ....  59  ....  17*82  ....  17*6 

Mercury  2 ....  200  ....  60-42  ....  61-3 

Chlorine  2 ....  72  ....  21-76  ....  21-1 


Hydrargochloride  of  tin  1 331  lOO’OO  100  0 

Hydrargochloride  of  Cobalt.  On  evaporating  a mixed  aqueous 
solution  of  chloride  of  cobalt  and  corrosive  sublimate,  red  prismatic  and 
deliquescent  crystals  are  obtained  isomorphous  with  the  corresponding 
double  salts  of  manganese  and  iron.  (Bonsdorff.) 

Hydrargochloride  of  Nickel,  obtained  as  the  preceding,  forms 
deliquescent  oblique  rhombic  prisms.  (Bonsdorff.) 

Hydrargochloride  of  Copper,  On  evaporating  a solution  of  cor- 
rosive sublimate  and  chloride  of  copper,  the  double  salt  forms  groups  of 
acicular  crystals,  permanent  in  the  air.  When  a mixed  solution  of  chlo- 
ride of  copper  and  hydrargochloride  of  potassium  is  spontaneously  evapo- 
rated, green  rhombic  prisms  are  obtained —3 [KCl,HgCl]  -}-CuCl  + 2HO; 
they  deliquesce  in  humid  air,  and  may  be  dissolved  in  boiling  water  and 
recrystallized  by  slow  evaporation  ; but  if  the  solution  be  suddenly  cooled, 
hydrargochloride  of  potassium  separates,  leaving  a blue  solution.  (Bons- 
DORFF.  Poggend.^  xxxiii.  81.) 

Chloride  of  Mercury  and  Chromate  of  Potassa.  A mixture  of 
1 atom  of  corrosive  sublimate  and  1 of  chromate  of  potassa  dissolved 
in  hot  water  yields,  on  cooling,  groups  of  red  prismatic  crystals;  ether 
abstracts  the  chloride  and  leaves  the  chromate,  without  destroying  the 
form  of  the  crystals.  Their  formula  is  2HgCI, K05Cr03. 

Chlorates  of  Mercury.  Chloric  acid  dissolves  both  the  oxides  of 
mercury ; the  chlorate  of  the  suboxide  has  the  appearance  of  a yellowish 
granular  powder,  sparingly  soluble  in  hot  water,  and  of  a mercurial  taste. 
The  chlorate  of  the  peroxide  forms  white  acicular  crystals,  having  the 
acrid  flavor  of  the  chloride,  and  soluble  in  4 parts  of  water  at  60°. 
(Vauquelin.  Ann.  de  Ch.^  xcv.) 

A solution  of  recently  precipitated  black  oxide  of  mercury  in  chloric 
acid,  when  evaporated  over  sulphuric  acid  in  vacuo,  yields  brilliant  pris- 
matic crystals  Hg2  0,C105,  becoming  dull  by  exposure,  and  soluble  in 
water  and  alcohol;  they  give  off  oxygen  at  482°,  forming  red  oxide  and 
corrosive  sublimate ; the  latter  is  expelled  at  563°,  while  the  oxide  re- 
mains under  698°.  This  salt  explodes  violently  under  percussion  with 
combustibles.  By  dissolving  red  oxide  of  mercury  in  cliloric  acid,  and 
evaporating  on  a water- bath,  octohedral  crystals  of  its  chlorate  are  obtained 
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:;=Hg0,C105;  triturated  with  combustibles  this  salt  inflames  them  without 
explosion.  It  is  decomposed  by  water  into  an  acid  and  basic  chlorate. 
(Waechter.) 

Subiodide  of  Mercury.  Protiodide  of  Mercury.  IIg2l.  This 
compound  is  obtained,  1.  By  triturating  together  200  parts  of  mercury 
and  126  parts  of  iodine,  moistened  with  alcohol.  2.  By  adding  iodide  of 
potassium  to  a dilute  solution  of  acetate  or  nitrate  of  suboxide  of  mercury: 
IIg2  0,N05  + KI  = Hg2  1 + K0,N05.  3.  By  digesting  in  boiling  water 

236  parts  of  calomel  with  166  of  iodide  of  potassium:  Hg2Cl  + KI=: 
Hg2  I + KCl.  3.  By  triturating  together  1 equivalent  of  mercury  with  1 
of  iodide  of  mercury,  moistened  with  alcohol. 

Subiodide  of  mercury  is  a dingy-green  powder;  specific  gravity  7'6  to 
7*7:  it  is  nearly  insoluble  in  water,  and  insoluble  in  alcohol.  When 
rapidly  heated  in  a glass  tube,  it  fuses,  and  sublimes  unaltered : gently 
heated,  or  long  exposed  to  light,  it  is  resolved  into  mercury  and  iodide: 
it  also  undergoes  the  same  decomposition  by  the  action  of  hydriodic  acid 
and  the  basic  iodides,  and,  when  aided  by  heat,  by  hydrochloric  acid  and 
the  basic  chlorides.  It  consists  of 

Mercury  2 ....  200  ....  61*5 

Iodine  1 ....  120  ....  38-5 

Siibiodide  of  mercury  1 320  lOO'O 

Yellow  Iodide  of  Mercury.  Hg4  l3.  When  iodide  of  potassium 
is  poured  into  an  acid  solution  of  nitrate  of  mercury,  the  resulting  pre- 
cipitate is,  under  careful  management,  yellow,  and  consists  chiefly  of 
this  iodide;  but  if  too  much  acid  be  used,  it  is  of  a reddish  tinge  from 
the  presence  of  periodide,  which,  however,  may  be  removed  by  digest- 
ing the  precipitate  in  alcohol.  The  yelloAV  iodide  of  mercury  is  more 
certainly  obtained  by  precipitating  the  nitrate  by  a sesquiodide  of 
potassium,  made  by  dissolving  half  an  equivalent  of  iodine  with  1 equi- 
valent of  iodide  of  potassium:  it  then  falls  in  the  form  of  a yelloAv  preci- 
pitate, which  when  Avashed  with  alcohol  is  free  from  periodide.  This 
iodide  is  a yellow  powder,  Avhich  by  the  action  of  dilute  nitric  acid  is 
converted  into  periodide,  so  that  the  jirecipitate  Avhich  fldls  when  iodide 
of  potassium  is  added  to  the  nitrate  of  mercury,  varies  in  composition 
Avith  the  state  of  the  mercurial  salt:  if  neutral,  the  green  subiodide  falls; 
if  slightly  acid,  the  yelloAV  iodide;  if  very  acid,  the  red  periodide.  When 
this  iodide  is  heated,  it  becomes  red,  but  again  yellow  on  cooling.  It 


consists  of 

Boullay. 

INIercury 4 ....  400  ....  51'5  ....  51’9 

Iodine 3 ....  378  ....  48'5  ....  48'1 


YelloAV  iodide  of  mercury  1 778  lOO’O  lOO'O 

Iodide  of  Mercury.  Periodide  of  Mercury.  Ugl.  This  com- 
pound (sometimes  termed  bi?iiodide^  ov  red  iodide  of  mercury^)  is  obtained, 
1.  By  triturating  1 equivalent  of  mercury  Avith  1 of  iodine,  (100  mercury 
and  126  iodine)  moistened  Avith  a very  little  Avater  or  alcohol.  2.  By 
the  mutual  decomposition  of  corrosive  sublimate  and  iodide  of  potassium. 
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HgCl  + = Hgl  + KCl.  When  a solution  of  iodide  of  potassium  is 

gradually  added  to  one  of  corrosive  sublimate,  a red  precipitate  forms, 
which  redissolves  on  agitation;  it  is  a soluble  compound  of  chloride  and 
iodide  of  mercury;  on  the  further  addition  of  iodide  of  potassium  a pale 
reddish  and  permanent  precipitate  is  obtained  which  is  also  a compound 
of  chloride  and  iodide,  containing,  however,  more  of  the  latter;  this  pre- 
cipitate, on  continuing  the  addition  of  the  iodide  of  potassium,  becomes 
of  a brilliant  scarlet,  and  this  is  iodide  of  mercury,  but  if  excess  of  iodide 
be  added,  it  disappears,  and  a colorless  solution  of  hydrargoiodide  of 
potassium  is  formed;  so  that  to  obtain  a pure  iodide  of  mercury  the  rela- 
tive atomic  equivalents  must  be  strictly  preserved.  This  red  iodide  when 
dissolved  to  saturation  in  a hot  solution  of  iodide  of  potassium  or  iodide 
of  zinc,  is  deposited  on  cooling  in  small  crystals  having  the  form  of  an 
octohedron  with  a square  base,  or  its  modifications:  its  specific  gravity  is 
6*2  to  6‘3.  When  heated  it  becomes  yellow,  and  fuses  into  an  amber- 
colored  fluid,  giving  off  vapor  which  condenses  in  yellow  rhombic  plates, 
'which  if  scratched  or  ruptured  resume  a scarlet  color;  this  dimorphism 
of  iodide  of  mercury  has  been  microscopically  examined  and  well  described 
by  Warington.  (Mem.  Ch.  Soc..,  i.  85.)  Iodide  of  mercury  is  very  spar- 
ingly soluble  in  water,  in  boiling  alcohol,  and  in  ether;  it  dissolves  in 
hydrochloric  and  hydriodic  acid,  and  in  the  ac|ueous  solutions  of  several 
ammoniacal  salts,  and  of  chloride  of  potassium.  It  consists  of 


Mercury 1 ....  100  ....  44  25 

Iodine  1 ....  126  ....  55’75 


Iodide  of  mercury.,..  1 226  lOO'OO 

When  I equivalent  of  iodide  of  mercury  is  fused  with  3 of  oxide  of 
mercury  a compound  is  formed,  which,  when  subjected  to  the  action  of 
gaseous  ammonia,  gives  off  water  and  leaves  a brown  substance  which  is 
a compound  of  amidide,  iodide,  and  oxide  of  mercury  (3HgO,IIgI  -f- 
NH3=HgNH2,HgI,2HgO-l- HO.)  (Eammelsberg.)  Iodide  of  mercury 
absorbs  gaseous  ammonia,  forming  a white  powder  — TIgI,NH3,  which, 
liOAvever,  when  exposed  to  air,  gradually  reddens  and  loses  the  ammonia 
it  had  absorbed.  In  aqueous  ammonia  the  iodide  also  becomes  Avhite 
and  forms  2ITgI,NH3;  but  this,  like  the  preceding  compound,  is  not 
permanent  in  the  air.  When  the  iodide  is  boiled  in  the  solution  of 
ammonia,  the  same  compound  is  obtained  in  long  white  needles,  and 
according  to  Eammelsberg  the  solution  contains  iodide  of  ammonium 
and  iodide  of  mercury;  but,  as  Berzelius  remarks,  iodide  of  ammonium 
cannot  have  been  formed  without  the  simultaneous  production  either  of 
oxide  or  of  amidide  of  mercury. 

Hydrargoiodide  OF  Ammonium.  NH4  I,2HgI.  When  1 atom  of  sal  - 
ammoniac  and  3 of  iodide  of  mercury  are  boiled  together  in  water,  a part 
of  the  iodide  is  deposited  as  the  solution  cools,  and  the  remaining  lic^uor 
yields  yellow  needles  of  the  above  salt;  they  are  permanent  in  the  air, 
and  when  fused  lose  a little  water  and  form  a red  liquid  which  concretes 
into  a crystalline  mass,  at  first  yellow,  but  gradually  becoming  red:  at  a 
higher  temperature  it  in  part  sublimes,  and  part  is  decomposed.  It  may 
be  dissolved  in  a small  quantity  of  ivater  with  little  decomposition;  with 
more  water  about  half  the  mercurial  iodide  separates,  and  the  remaining 
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liquor  ngaln  deposits  crystals  of  tlic  original  salt,  so  that  sal-ammoniac 
remains  in  solution,  and  the  compound  NIl4  I,UgI,  cannot  be  obtained 
in  the  crystalline  form.  (Boullay.  Ann.  Ch.  ct  PA.,  xxxiv.  345.)  The 
above  crystals  are  soluble  in  alcohol  and  in  ether:  they  contain 


Boullay. 

Iodide  of  ammonium 1 ....  144  ....  23’45  ....  24’3 

Iodide  of  mercury 2 ....  452  ....  73-(J2  ....  7r!) 

Water  2 ....  13  ....  2-03  ....  3-3 


Crystallized  liydrargoiodide  of  ammonium  1 614  lOO’OO  100  0 

Hydrabgoiodide  of  Potassium.  KI,2HgT.  This  salt  is  best  ob- 
tained by  dissolving  iodide  of  mercury  in  aqueous  solution  of  iodide  of 
potassium;  "when  saturated,  it  contains  KI,3IIgI,  but  on  slow  cooling  red 
crystals  of  the  salt  Y'itb  2IIgI,  are  deposited,  Avhicb  are  isomorpbous, 
'when  slowly  formed,  with  those  of  the  preceding  ammonium-salt : they 
may  also  he  obtained  by  boiling  iodide  of  mercury  in  solution  of  potassa: 
oxide  of  mercury  is  formed,  and,  on  cooling,  iodide  of  mercury  first  crys- 
tallises. and  afterwards,  the  above  liydrargoiodide.  4HgI,-l- KO=:;IIgO 
+ Ilgl  + [KI,2HgI.] 

Hydrabgoiodide  of  Sodium.  When  a cold  aqueous  solution  of 
iodide  of  sodium  is  saturated  with  iodide  of  mercury  and  evaporated  in 
vacuo  over  oil  of  vitriol,  it  yields  yellow  rhombic  prisms,  which  are  very 
deliquescent.  (Bonsdorff.  Pogge^^d.,  xvii.  226.)  According  to  Boullay, 
I atom  of  iodide  of  sodium  dissolved  in  a little  water,  dissolves  when  heated 
about  3 atoms  of  iodide  of  mercur}^  1 atom  of  which  falls  on  cooling,  and 
on  evaporation  no  crystals,  but  a yellow  mass  — AaI,2HgI,  is  obtained, 
which,  when  scratched,  becomes  red,  as  is  the  case  Avith  the  yelloAv  iodide 
of  merculy^  This  salt  is  decomposed  by  water,  and  on  filtering  the  solu- 
tion, deliquescent  acicular  crystals  may  he  obtained  from  it  by  evaporation 
in  vacuo,  Avhich  are  = NaljIIgl. 

IIydrargoiodide  of  Barium.  Iodide  of  mercury  is  also  soluble  in 
Avarm  solution  of  iodide  of  barium,  and  compounds  similar  to  the  preced- 
ing are  formed.  Boullay  has  also  described  Ili/drargoiodides  of  SLronlunn^ 
Calcium^  Magnesium.^  Zinc.,  and  Iron. 

loDATES  OF  Mercury.  Iodic  acid,  or  iodate  of  potassa,  or  of  soda,  form 
a Avhite  and  someAvhat  crystalline  precipitate  in  a solution  of  nitrate  of 
suhoxide  of  mercury  IIg2  0,105.  This  salt  is  anhydrous,  and  little 
soluble  in  Avater;  it  is  resolved  by  heat  into  oxygen  gas,  mercury,  and  iodide 
of  mercury:  it  dissolves  in  dilute  hydrochloric  acid,  Avith  the  evolution  of 
chlorine:  it  is  difficultly  soluble  in  nitric  acid.  (Rammelsberg.  Poggend., 
xuiv.  570.) 

The  persalts  of  mercury  are  not  precipitated  either  by  iodic  acid  or 
iodate  of  soda,  but  recently  precipitated  and  moist  red  oxide  of  mercury, 
Avhen  heated  in  aqueous  iodic  acid,  is  converted  into  a Avhite  iodate 
= IIg0,I05 : the  acid  does  not  act  upon  the  red  oxide  of  mercury  pre- 
pared by  heat.  This  iodate  is  anhydrous,  and  is  decomposed  by  heat  into 
oxygen  and  iodide  of  mercury:  it  consists  of 


988 


BROMIDES  OF  MERCURY. 


Rammelsberg. 

Oxide  of  mercury  1 ....  108  ....  39’42  ....  39  83 

Iodic  acid  1 ....  166  ....  60'58  ....  60’17 

lodate  of  mercury  1 274  lOO’OO  lOO'OO 

Periodates  of  Mercury.  Periodate  of  soda  gives  a yellow  precipi- 
tate in  the  nitric  solution  of  snboxide,  and  a white  precipitate  in  that  of 
the  oxide  of  mercury:  the  former  becomes  brown,  and  the  latter  yellow, 
when  heated;  both  are  readily  soluble  in  dilute  nitric  acid.  (Benckiser. 
A?m,  der  Pharin.^  xvii.  259.) 

Dibromide  OF  Mercury.  Subbromide  of  Mercury.  Hg2Br,  is  ob- 
tained when  1 atom  of  mercury  and  1 of  bromide  of  mercury  are  tho- 
roughly mixed  and  heated;  it  forms  a crystalline  sublimate  of  a pale 
yellow  color : it  is  also  thrown  down  in  the  form  of  a white  powder  on 
mixing  solutions  of  bromide  of  potassium  and  nitrate  of  suboxide  of  mer- 
cury. Its  sp.  gr.  is  7‘3.  (Karsten.)  It  is  tasteless,  insoluble  in  water, 
fusible,  and  volatile  at  a dull  red-heat.  With  solution  of  potassa,  it  yields 
bromide  of  potassium  and  suboxide  of  mercury:  by  a boiling  solution  of 
hydrobromate  or  hydrochlorate  of  ammonia,  it  is  resolved  into  mercury 
and  soluble  bromide.  It  consists  of 


Mercmy 2 ....  200  ....  71 ’9 

Bromine 1 ....  78  ....  28*1 


Dibromide  of  mercury  1 278  lOO’O 

Bromide  of  Mercury.  Perbromide  of  Mercury.  HgBr,  is  formed 
by  triturating  mercury  with  bromine ; heat,  but  no  light,  is  evolved ; it  is 
also  formed  when  bromine  and  mercury  are  shaken  together  in  water ; 
and  by  digesting  oxide  of  mercury  in  aqueous  hydrobromic  acid.  It  is 
deposited  from  its  aqueous  solution  in  lamellar  crystals,  fusible,  and  vola- 
tile: sp.  gr.  5*9.  (Karsten.)  It  is  soluble  in  94  parts  of  water  at  48°, 
and  in  4 or  5 of  boiling  water:  its  aqueous  solution  reddens  litmus.  It 
is  very  soluble  in  alcohol  and  in  ether.  It  is  not  decomposed  by  sulphuric 
acid.  (H.  Rose.  Ancilyt.  Chem.)  But  according  to  Balard,  when  heated 
with  nitric  or  with  sulphuric  acid,  bromine  is  evolved.  It  consists  of 

Mercury  1 ....  100  ....  56’18 

Bromine  1 ....  78  ....  43'82 

Bromide  of  mercury  1 178  lOO'OO 

An  oxihromide  of  mercury  — HgBr,3HgO,  is  formed  by  boiling  bro- 
mide and  oxide  of  mercury  together  in  water;  it  is  a yellow  crystalline 
poAvder,  sparingly  soluble  in  boiling  Avater;  soluble  according  to  Lb  wig, 
but  according  to  Rammelsberg  insoluble  in  Avater.  It  contains  80  per 
cent,  of  mercury.  (Rammelsberg.) 

Hydrargobromide  of  Ammonium.  When  bromide  of  mercury  is 
gently  heated  in  aqueous  ammonia,  it  absorbs  not  more  than  3’4 per  cent.; 
Avater  abstracts  hydrobromate  of  ammonia  from  this  compound,  and  leaves 
a yelloAv  poAvder,  Avhich  evolves  ammonia  Avhen  acted  on  by  sulphuret  of 
potassium.  (Rose,  and  Rammelsberg.  Poggend.^  xx.  and  lv.) 
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Ammonia  throws  down  a white  amidohromide  from  the  aqueous  solu- 
tion of  bromide  of  mercury  — IIgNIl2  H- HgBr : it  is  insoluble  in  water 
and  in  alcohol,  and  only  sparingly  soluble  in  ammonia:  gently  heated,  it 
yields  ammonia,  and  a sublimate  =:  NIl3,2HgBr,  the  residue  being  — 
IIg3N,2IIgBr.  (Mitscherlicii.)  6 [IIgNIi2,IIgBr]  = 3NH3,  + [Nn3, 
2IIgBr]  4-2  [Hg3N,2HgBr].  (Gmelin.) 

Bromide  of  mercury  is  abundantly  soluble  in  aqueous  solution  of 
hydrobromate  of  ammonia:  the  carbonated  alkalis  throw  down  the  pre- 
ceding compound  of  amide  and  bromide  of  mercury  when  added  to  this 
solution.  (Lowig.) 

IIydrargobromides  of  Potassium.  When  a cold  and  moderately 
concentrated  solution  of  bromide  of  potassium  is  saturated  with  bromide 
of  mercury,  and  evaporated,  crystals  are  formed  ==  KBr,2HgBr.  When 
1 atom  of  this  salt  and  1 of  bromide  of  potassium  are  dissolved  together 
in  water,  the  solution  yields,  on  evaporation,  prismatic  crystals  = KBr, 
HgBr.  (Bonsdorff.  Poggend.^  xix.  339.) 

Hydrargohrornides  of  Sodium^  Barium^  Ccdcium^  and  Magnesium^ 
have  also  been  described  by  Bonsdorff. 

Bromates  of  Mercury.  These  salts  have  been  examined  by  Ram- 
melsberg.  {Pogge?id.^  lv.  79.)  Bt'07nate  qf  the  suhoxide  (f  mercury  is 
thrown  down  in  the  form  of  white  powder  on  mixing  solutions  of  bro- 
mate  of  potassa  and  nitrate  of  suboxide  of  mercury:  the  precipitate  be- 
comes yellowish  by  continued  washing,  from  the  formation  of  a subsalt, 
but  is  again  immediately  whitened  by  a few  drops  of  nitric  acid.  This 
salt  is  crystallisable  out  of  its  solution  in  aqueous  bromic  acid  in  white 
anhydrous  tables  — Hg2  0,Br05.  Hot  water  immediately  resolves  it  into 
the  yellow  subsalt  2Hg2  0,Br05;  the  neutral  salt  remaining  dissolved 
in  the  excess  of  acid.  It  is  difficultly  soluble  in  nitric  acid:  hydrochloric 
acid  dissolves  it  and  forms  corrosive  sublimate. 

Bromale  of  red  oxide  of  mercury  is  formed  by  digesting  the  recently 
precipitated  hydrate  of  the  red  oxide  in  aqueous  bromic  acid,  or  by  pre- 
cipitating pernitrate  of  mercury  by  bromate  of  potassa;  it  is  a Avhite 
crystalline  powder  Hg0,Br05  + 2HO;  soluble  in  650  parts  of  cold, 
and  64  of  boiling  water.  When  an  aqueous  solution  of  bromate  of  mer- 
cury is  slightly  supersaturated  with  ammonia,  a pale  yellow  jirecipitate 
falls,  which  explodes  violently  when  heated : it  is  represented  by  Ram- 
melsberg  as  an  hydrated  compound  of  nitruret  with  bromate  of  mercury ; 
=Hg3N,Hg0,Br05,2H0. 

Fluorides  of  Mercury.  Hydrofluoric  acid  occasions  no  precipitate 
in  solutions  of  suboxide  of  mercury,  and  when  the  mixture  is  evaporated, 
the  acid  escapes,  and  leaves  the  mercurial  salt  unchanged.  M hen  a mix- 
ture of  calomel  and  fluoride  of  sodium  is  heated,  an  impure  subfluoride  of 
mercury  is  formed  : it  is  white,  and  insoluble  in  water  : it  cannot  be  ob- 
tained by  sublimation  from  a mixture  of  the  fluoride  and  mercury.  A\  hen 
hydrofluoric  acid  is  poured  upon  red  oxide  of  mercury,  it  acquires  an 
orange  color,  and  is  dissolved  upon  the  addition  of  water,  llie  solution 
furnishes  yellow  prismatic  crystals,  which,  by  the  action  of  hot  water,  are 
resolved  into  a soluble  and  insoluble  compound,  (Berzelius.) 
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Mercury  and  Nitrogen.  Nitruret  of  Mercura".  lIgSN.  This 
compound,  discovered  in  1841,  by  Plantamour,  is  formed  by  passing  am- 
monia over  oxide  of  mercury  in  a glass  bulbed  or  porcelain  tube  till 
saturated;  it  is  then  heated  in  an  oil-batli  to  300°,  (between  250°  and 
285°,  Berzelius,)  and  the  current  of  gaseous  ammonia  continued  as  long 
as  water  is  formed:  3HgO -f  NHs  Hg3  N, -f-3HO.  The  product  is 
always  contaminated  by  a little  metallic  mercury,  which  may  be  abstracted 
by  cold  dilute  nitric  acid:  it  may  then  be  washed  and  dried.  If  the  due 
temperature  and  previous  saturation  of  the  cold  oxide  with  ammonia  be 
not  observed,  the  principal  product  is  a mixture  of  mercury  and  its  sub- 
oxide. Nitruret  of  mercury  is  a brown  powder,  Avbicli  explodes  when 
struck  Math  a hammer,  or  when  suddenly  heated,  or  acted  on  by  concen- 
trated sulphuric  acid : in  these  respects  it  somewhat  resembles  iodide  of 
nitrogen.  {Ann.  der  Pharni..^  xl.  115,  and  Bibliotheqne  U?iiverseUe,  N.S., 
xxxii.  339.) 

Mercury  and  Nitric  Acid.  Nitrates  of  Mercura'.  There  appear 
to  be  three  nitrates  of  the  suboxide  of  mercury,  (formerly  termed  pro/o- 
nitrates  of  mercury^  namely,  a neutral  and  two  basic  salts. 

1.  The  netiiral  Nitrate  (f'  suhoxide  of  Mercury  is  formed 

by  digesting  excess  of  mercury  in  cold  dilute  nitric  acid  till  short  jyris- 
inatic  ctystals  are  formed.  (If  these  be  left  in  the  solution  they  gradually 
give  place  to  larger  crystals  of  a sesqui-salt.)  They  are  entirely  soluble  in 
a small  quantity  of  warm  water;  by  a large  quantity  of  water  they  are 
resolved  into  an  acid  and  basic  salt : the  acid  salt  {solutio  hydrargyri 
frigide  parata),  is  at  once  obtained  by  dissolving  this,  or  the  subnitrates, 
in  dilute  nitric  acid.  When  this  neutral  salt  is  triturated  with  chloride  of 
sodium,  and  water  added,  it  yields  a solution  which  is  neutral  to  test- 
paper,  and  pure  calomel  remains  upon  the  filter.  The  crystals  are  IIg2  0, 
N05,2H0;  consisting  of 


C.  G.  Mitscheiiicli. 

Suboxide  of  mercury 1 ....  208  ....  7‘t’29  ....  74‘78 

Nitric  acid  1 ....  54  ....  10'29  ....  19*57 

Water 2 ....  18  ....  6*42  ....  6*65 


Crystallized  neutral  nitrate  of 
suboxide  of  mercury. 

This  salt  is  resolved  by  heat  into  red  oxide  {Hydrargyri  nitrico- 
oxidum),  and  nitrous  acid.  Hg2  0,N05  = 2IIg0  H- N04. 

2.  Sesqninitrate  of  suhoxide  of  Mercury.  3Hg2  0,2N05.  When 
the  first  formed  crystals  of  the  preceding  salt  are  left  in  the  mother- 
liquor,  they  gradually  dissolve,  and  are  replaced  by  large  transparent  prisms 
having  the  formula  3Hg2  0,2N05,3II0.  According  to  Miallie,  {Journ. 
de  Pharm..,  xxii.  588,)  the  same  salt  is  obtained  by  pouring  2 pounds  of 
strong  nitric  acid  upon  2 pounds  of  mercury  in  a flat-bottomed  flask 
standing  upon  a thick  iron  plate,  so  as  to  keep  down  the  temperature:  in 
24  hours  the  salt  is  formed  in  large  crystals:  should,  however,  a tubercu- 
lated  saline  mass  be  produced,  it  must  be  dissolved  in  the  smallest  possible 
quantity  of  hot  water  acidulated  with  nitric  acid,  and  left  to  evaporate  in 
a stove : in  two  days  large  crystals  are  obtained,  which  are  to  he  drained 
on  a filter  and  washed  with  a little  nitric  acid.  They  are  soluble  without 
decomposition  in  a little  water ; in  much  water  they  pass  into  a yellow 


I 1 280  100*00  100*00 
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sul)salt  and  a soluble  supersalt  : triturated  Avitli  clilorlde  of  sodium,  they 
yield  a filtrate  on  the  addition  of  water,  which  is  free  from  mercury,  and 
leave  a greenish  residue,  which  is  a mixture  of  calomel  and  suhoxide: 
they  consist  of 

IMitscherlich. 

Suboxide  of  mercury  3 ....  024  ....  82'22  ....  82-0!J 

Nitric  acid 2 ....  108  ....  14'23  ....  14-21 

Water  3 ....  27  ....  3-55  ....  3-70 


Cry.stallized  sescpiinitrate  of 
suboxide  of  mercury. 


1 


759  100-00  100-00 


Kane  represents  this  as  a combination  of  the  neutral  and  bibasic  salt : 
namely  =:TIg2  0,N05,2H0  + 2rig2  0,N05,H0. 

3.  Bibasic  mtr ate  of  suhoxide  of  Mercwnj,  2IIg2  0,N05,  is  formed 
by  repeatedly  washing  either  of  the  preceding  salts  with  cold  water:  it 
remains  as  a yellow  powder.  (If  hot  water  be  used,  the  decomposi- 
tion is  quicker,  but  some  metallic  mercury  is  apt  to  separate.)  This  salt 
sometimes  forms  small  yellow  crystals,  when  a solution  of  the  preceding 
salts  is  long  left  over  metallic  mercury.  By  long  boiling  in  water  a grey 
powder,  consisting  chiefly  of  metallic  mercury,  separates,  and  nitrate  of 
the  red  oxide  is  found  in  solution.  (Kane.)  It  consists  of 

Suboxide  of  mercury  2 ....  41G  ....  88-85 

Nitric  acid 1 54  ....  11-27 

Water  1 ....  9 ....  1-88 


Bibasic  nitrate  of  suboxide  of  mercury  1 479  100-00 


Niii'ates  of  the  red  oxide  of  Mercury.  Pernitrates  of  Mercury.  1. 
There  is  no  crystallizable  monobasic  nitrate  of  red  oxide  of  mercury  =: 
HgO,N05.  AYhen  peroxide  of  mercury  is  dissolved  in  nitric  acid,  or 
when  mercury  is  boiled  in  strong  nitric  acid,  a dense  liquor  is  obtained  on 
evaporation,  (sp.  gr.  3-47,  Proust,)  which  stains  the  cuticle  brown;  on 
further  evaporation  acid  escapes  and  crystals  of  dipernitrate  are  formed. 
So  also  when  corrosive  sublimate  is  decomposed  by  an  atomic  equivalent 
of  nitrate  of  silver  a filtrate  is  obtained  which  must  contain  HgO,N05; 
but  on  evaporation  it  yields  the  subsalt.  The  concentrated  liquor  yields 
a ptrecipitate  of  yellow  tribasic  salt  by  the  addition  of  water,  but  the 
acid  solution  is  not  precipitated  on  further  dilution. 

Preuss  and  Souville  have  described  crystalline  compounds  of  this 
nitrate  of  mercury  with  iodide  of  mercury.  {^Annalen  der  Pharm.^  xxix. 
326,  and  Journ.  de  Pharm..^  xxvi.  474.) 

2.  Bibasic  nitrate  of  red  oxide  of  Mercury.  Ptipernitrate  of  Mercury. 
2rig0,N05.  This  is  the  salt  which  crystallizes  out  of  the  preceding 
solution  when  it  is  evaporated  : it  is  deliquescent,  decomposed  by  water, 
but  soluble  wuthout  change  in  water  acidulated  by  nitric  acid:  its  crystals 
are  2IIg0,N05,2ri0,  or 

IMitsclierlicli. 


Red  oxide  of  mercury 2 

Nitric  acid  1 

AVater  2 


218  ....  75-00  ....  75-88 

54  ....  18-75  ....  18-90 

18  ....  8-25  ....  5-22 


Crystallized  bibasic  nitrate  1 ^ 100-00  100-00 

of  red  oxide  of  mercury  j 
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3.  Trihasic  nitrate  oj'  red  oxide  qf  Mercury.  3Hg0,N05,  remains  in 
the  form  of  a yellow  hydrated  powder  =:  3Hg0,N05, HO,  when  the  pre- 
ceding salt  is  drenched  with  cold  water  as  long  as  it  runs  off  sour:  it  con- 
tains 76  to  73  per  cent,  of  mercury:  its  proximate  components  are 

Red  oxide  of  mercury 3 ....  324  ....  83*72 

Nitric  acid 1 ....  54  ....  13*95 

Water  1 ....  9 ....  2*33 


Tribasic  nitrate  of  red  oxide 
of  mercury. 


387  100*00 


Sexhasic  nitrate  of  red  oxide  of  Mercury.  6Hg0,N05,  is  formed  hy 
the  continuous  action  of  boiling  water  on  the  yellow  tribasic  salt : it  is  a 
brick-colored  powder,  which  when  heated  evolves  yellow  fumes  and  a 
trace  of  water,  and  leaves  red  oxide:  it  contains  about  86  per  cent,  of 
mercury  (Kane),  its  components  being 


Red  oxide  of  mercury  6 ....  648  ....  92*31 

Nitric  acid  1 ....  54  ....  7*69 


Sexbasic  nitrate  of  red  oxide 
of  mercury. 


702  100*00 


Action  of  ammonia  on  the  nitrates  of  Mercury.  1.  Ammonio -nitrate 
qf  suboxide  qf  Mercury.  Hahnemann  s Soluble  Mercury.  3ITg2  0,  + 
NH4  0,N05.  This  compound  is  obtained  by  precipitating  a very  dilute 
cold  aqueous  solution  of  nitrate  of  suboxide  of  mercury,  as  free  as  pos- 
sible from  excess  of  acid  and  from  peroxide,  by  the  gradual  addition  of  a 
weak  aqueous  solution  of  ammonia ; the  mixture  should  be  constantly 
stirred,  the  ammonia  not  added  in  excess,  and  the  precipitate  washed  as 
quickly  as  possible  upon  a filter,  and  dried  in  the  shade  at  ordinary  tem- 
perature. (If  these  precautions  are  not  attended  to,  other  products  are 
obtained.)  It  is  a greyish-black  powder,  slowly  decomposed  by  the 
action  of  light,  with  the  separation  of  metallic  mercury:  it  is  entirely 
soluble  in  hot  h3^drochloric  acid,  and  in  acetic  acid  (with  the  exception 
generally  of  a few  globules  of  mercury.)  Gmelin  represents  its  decom- 
position by  boiling  in  hydrochloric  acid  as  follows  : 3Hg2  0,NH4  0,N05 
-f  7HC1,  6HgCi  + NH4  Cl  -f-  N02  -f  7HO.  The  proximate  components 
of  this  compound  may  be  represented  as 


Mitsclierlich. 

Suboxide  of  mercury 3 ....  624  ....  88*63  ....  88*95 

Ammonia 1 ....  17  ....  2*42  ....  2*46 

Nitric  acid  1 ....  54  ....  7*67  ....  7*32 

Water 1 ....  9 ....  1*28  ....  1*17 


Ammonio-nitrate  of  suboxide  of  mercury  1 704  100*00  100*00 

2.  Nitrate  of  ammonia  and  qf  suboxide  of  Mercury.  By  evaporating 
a mixed  solution  of  nitrate  of  suboxide  of  mercury  and  nitrate  of  am- 
monia, Pagenstecher  obtained  prismatic  crystals,  the  aqueous  solution  of 
which  gave  a grey  precipitate  both  with  ammonia  and  with  carbonate  of 
potassa. 

3.  Basic  amido-nitrates  of  Mercury,  (a)  HgNH2  -l-5Hg0,N05.  This 
compound  appears  to  be  sometimes  formed  when  excess  of  ammonia  is 
added  to  a concentrated  nitrate  of  peroxide  of  mercury:  it  is  a pale  yel- 
low powder  containing  about  85  per  cent,  of  mercury.  (Kane.) 

(^)  HgNH2 -h3Hg0,N05.  This  has  been  distinguished  as  Souheiran’'s 
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ammonio-siihnitrate  : it  is  obtained  by  adding  a slight  excess  of  ammonia 
to  a dilute  hot  solution  of  the  nitrate  of  the  peroxide : it  is  a white 
granular  powder  : when  heated  it  first  becomes  yellow,  then  evolves 
nitrogen,  ammonia,  and  nitrous  fumes,  and  afterwards  oxygen  and  mer- 
cury ; it  evolves  no  ammonia,  nor  is  it  decomposed  by  boiling  solution  of 
potassa. 

(7)  HgNIl2, -f  2Hg0,N05.  This  compound  falls  on  the  mixture  of 
diluted  aqueous  solutions  of  nitrate  of  mercury  and  of  ammonia:  it  is  a 
white  powder  which  remains  long  suspended,  and  may  be  dried  at  212° 
without  decomposition : it  is  converted  into  salt  when  boiled  in  water. 

(8)  Hg  NII2, -t-2Hg  0,N05, -f- NII4  0,N05.  When  the  preceding 
salt  is  dissolved  in  solution  of  nitrate  of  ammonia,  yellow  crystals  of  the 
above  composition  are  obtained  on  evaporation.  (Kane.)  Mitscherlich 
represents  them  as  2Hg  O + NH3,N05.  They  are  easily  decomposed  by 
alkaline  hydrosulphurets  and  by  hydrochloric  acid,  but  not  by  other  acids: 
they  are  very  little  soluble  in  nitric  acid,  and  are  not  acted  upon  by  sul- 
phuric acid,  nor  by  ammonia  or  potassa. 

(e)  HgNH2-}-3IIg0,N05,-f2[NIl4  0,N05] -I-2HO;  or  4IIgO,-(- 
3[Nri4  0,N05.]  The  solution  of  the  salt  7 in  a concentrated  boiling  solu- 
tion of  nitrate  of  ammonia,  and  filtered  hot,  yields  on  cooling,  shining 
acicular  crystals,  which  afterwards  become  opaque,  and  Avhich  contain  be- 
tween 58  and  59  jier  cent,  of  mercury  : they  are  resolved  by  "water  into 
salt  7 and  nitrate  of  ammonia.  The  same  salt  is  also  obtained  by  boiling 
peroxide  of  mercury  with  nitrate  of  ammonia,  (Kane.) 

Mercury  and  Sulphur.  Subsulphuret  of  Mercury^  Disulphu- 
RET  OF  Mercury.  IIg2  S.  AVhen  1 part  of  mercury  is  triturated  for 
some  time  with  3 of  sulphur,  a black  tasteless  compound  is  obtained, 
which  was  called  in  old  pharmacy  EtJiiops  mineral;  it  is  the  Hydrargyri 
sulphur etum  cum  sulphure  of  the  Pharmacopoeia,  and  is  sometimes  regarded 
as  a definite  sulphuret;  but  when  boiled  in  solution  of  potassa,  sulphur  is 
taken  up,  and  monosulphuret  — HgS,  remains,  so  that  it  is  probably  a 
mixture  of  sulphur  and  of  the  monosulphuret.  According  to  Taddei,  an 
Ethiops  mineral  may  be  quickly  formed  by  the  following  process.  ( Gior. 
di  Fisica,  iv.  12.)  Put  1 part  of  sulphuret  of  j)otassa  with  3 of  mer- 
cury into  a mortar,  and  triturate  with  a little  water,  until  the  wdiole  forms 
a homogeneous  black  paste;  then  add  flow^ers  of  sulphur  equal  in  weight 
to  the  mercury,  and  mix  the  whole:  wash  with  repeated  elfusions  of 
water,  till  the  alkaline  sulphuret  is  removed,  and  carefully  dry  the  remain- 
ing Ethiops.” 

AYhen  sulphuretted  hydrogen  is  passed  through  a dilute  solution  of 
nitrate  of  suboxide  of  mercury,  or  through  a mixture  of  very  finely 
divided  calomel  and  wmter,  or  when  the  mercurial  solution  is  dropped  into 
an  aqueous  solution  of  bisulphuret  of  potassium,  a black  powder  is  thrown 
down,  which  is  a true  disulphuret:  the  latter  process  furnishes  the  purest 
product : it  should  be  washed,  and  dried  over  oil  of  vitriol : when  boiled 
with  nitric  acid,  it  is  converted  into  a sulphate  of  mercury:  heated  to 
redness,  metallic  mercury  escapes,  and  sulphuret  sublimes.  By  long 
exposure  to  light  it  is  said  to  be  resolved  into  mercury  and  sulphuiet. 
It  contains,  according  to  Guibourt  (An?i.  Ch,  et  Ph.^  i.),  100  mercury 
4-  8’2  sulphur,  numbers  •which  correspond  to 
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Mercury  2 ....  200  ....  92-6 

Sulphur  1 ....  IG  ....  7‘4 


Disulpliuret  of  mercury  1 21C  100*0 

I Protosulpiiuret  of  Mercury.  Monosulphuret  of  Mercury.  Ver- 
milion. Cinnabar.  HgS.  This  sulphuret  is  obtained  by  the  follo’wing 
processes:  (E)  6 parts  of  mercury  are  mixed  in  an  iron  pot  with  1 of  sul- 
phur, and  made  to  combine  by  a moderate  heat,  and  constant  stirring:  this 
compound  is  then  transferred  to  a glass  subliming-vessel,  (on  a small  scale, 
a Florence  flask  answers  perfectly,)  and  heated  to  redness  in  a sand-bath; 
a quantity  of  mercury  and  of  sulphur  evaporate,  and  a steel-grey  subli- 
mate forms,  which  is  removed,  and  rubbed  or  levigated  into  a very  fine 
230wder.  If  mercury  and  sulphur  be  heated  together  in  large  quantities, 
the  action  is  so  intense  at  the  moment  of  their  combination  as  to  occa- 
sion an  explosive  ignition;  some  sulphuretted  hydrogen  is  also  evolved. 
(2.)  When  solution  of  corrosive  sublimate  is  decomposed  by  the  pro- 
longed action  of  excess  of  sulidiuretted  hydrogen,  or  of  alkaline  sul- 
phurets,  the  precipitate  which  falls  is  sulphuret  of  mercury;  but  it  is 
perfectly  black  until  warmed  in  the  sulphuretted  liquor,  when  it  gradually 
reddens.  (3.)  Kirchoff  was  the  first  who  pointed  out  a mode  of  obtaining 
vermilion  by  triturating  mercury  and  sulphur  in  a solution  of  potassa: 
{Nicholson’ s Journ.^  4to.  ii.:)  a black  compound  is  first  formed,  and  the 
mixture  is  then  heated  to  130°,  and  retained  for  several  hours  at  about 
that  temperature,  when  it  gradually  acquires  a brown  and  then  a red  tint; 
when  this  is  sufficiently  brilliant  the  liquid  is  decanted,  and*  the  product 
washed  and  dried.  (4.)  Liebig  obtains  vermilion  by  digesting  recently 
prepared  while  precipitate  (see  page  980)  in  a solution  of  sulphuret  of  am- 
monium, obtained  by  saturating  hydrosulphuret  of  ammonia  Avith  sulphur: 
a black  sulphuret  is  first  produced,  Avhich  afterwards  acquires  the 
desired  red  color;  its  tint  is  improved  by  digestion  at  a gentle  heat  in  a 
strong  solution  of  potassa.  (5.)  Several  processes  have  been  given  pur- 
jiorting  to  be  those  adojited  by  the  Chinese,  who  have  been  long  celebrated 
for  the  preparation  of  a remarkably  brilliant  cinnabar.  (See  Gmeltn, 
Handhiich^  iii.  484;  and  Dumas,  Chim.  App.  aux  Arts,  iii.  623.)  Ac- 
cording to  Wehrle,  this  may  be  attained  by  subliming  common  cinnabar 
Avith  about  1 per  cent,  of  sulphuret  of  antimony:  the  dark  grey  product 
is  then  reduced  by  long  trituration  to  impalpable  powder,  boiled  in  solu- 
tion of  sulphuret  of  potassium,  thoroughly  edulcorated,  digested  in  hy- 
drochloric acid,  again  AA^ashed,  and  lastly  carefully  dried : this  is  said  to 
yield  an  excellent  product,  of  a deep  and  someAvhat  crimson  tint,  Avithout 
any  admixture  of  orange.  The  2>nncipal  points  to  attend  to  in  jirocuring 
th  is  jiigment  of  its  most  perfect  hue,  are  in  the  first  place  the  careful 
selection  and  cleansing  of  the  first  crystalline  grey  sublimate,  so  that  there 
may  not  be  the  smallest  remaining  admixture  of  the  black  pulverulent 
amorphous  compound;  and  secondly  the  perfection  of  the  mechanical 
operation  of  puh^erisation  and  elutriatlon,  so  as  to  render  the  j)OAvder  as 
impalpable  as  ^Dossible.  (Edi/i.  Joiirn.  Science,  ii.  352.) 

Cinnabar  is  not  altered  by  exposure  to  air  or  moisture;  Avhen  heated 
to  dull  redness  in  an  open  vessel,  the  sulphur  forms  sulphurous  acid,  and 
the  mercury  escapes  in  vapor.  It  is  decomposed  by  distillation  Avith 
fixed  rdkalis,  lime,  and  baryta,  and  by  several  of  the  metals.  When 
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adulterated  ■with  red-lead  or  with  colcotliar,  it  is  not  entirely  volatile.  It 
is  insoluble  in  caustic  alkaline  solutions,  and  in  nitric  and  liydrocliloric 
acid;  but  nitrohydrocliloric  acid  acts  upon,  and  decomposes  it,  even  in 
tlie  cold.  Boiled  in  sulphuric  acid,  sulphurous  acid  is  evolved,  and  a 
sulphate  of  mercury  formed.  It  consists  of 


Seftstrom.  Guibourt.  Seguin.  Proust. 

ISIercury  1 ....  100  ....  8G-2  ....  8G-29  ....  8G-21  ....  85-5  ....  85 

Sulphur  1 ....  IG  ....  13-8  ....  13-71  ....  13*79  ....  14*5  ....  15 


Native  Cinnabar  is  the  principal  ore  of  mercury:  it  occurs  massive, 
and  crystallized  in  six-sided  prisms,  rhombs,  and  octohedra.  It  is  of 
various  colors,  sometimes  appearing  steel-grey,  at  others  bright-red.  It 
occurs  in  Hungary,  France,  and  Spain,  in  Europe;  in  Siberia  and  Japan, 
in  Asia;  and  in  considerable  quantities  in  South  America.  It  has  also 
been  imported  from  China.  The  mines  of  Almaden,  and  of  New  Spain, 
are  the  most  productive,  and  furnish  fine  cabinet  specimens.  Native  mer- 
cury, and  native  amalgam  of  silver,  sometimes  accompany  it. 

CiiLOROSULPHURET  OF  Mercury.  2HgS,IIgCl.  When  sulphuretted 
hydrogen  gas  is  passed  through  a solution  of  corrosive  sublimate  a white 
precipitate  is  first  formed,  which  is  long  in  subsiding,  and  readily  passes 
through  filtering  paper:  if  the  action  of  the  gas  be  continued,  this  white 
compound  blackens  and  becomes  sulphuret  of  mercury.  The  same  white 
compound  is  formed  by  digesting  moist  and  recently  precipitated  sulphuret 
of  mercury  in  a solution  of  corrosive  sublimate.  It  may  be  washed,  and 
dried  without  decomposition:  when  heated,  corrosive  sublimate  rises  first, 
and  afterwards  sulphuret  of  mercury:  it  is  insoluble  in  the  greater  num- 
ber of  acids,  but  nitrohydrochloric  acid  decomposes  it.  Heated  in  a stream 
of  chlorine  it  yields  chloride  of  sulphur  and  corrosive  sublimate:  2HgS, 
HgCl-}-3Cl:r;3HgCl-hS2  Cl.  The  alkalis  blacken  it,  and  forming  chlo- 
rides of  their  bases,  separate  sulphur  and  oxide  of  mercury.  (Rose, 
Poggend.,  xiii.  59.)  Its  components  are 


II.  Rose. 

^Mercury 3 ....  300  ....  81*52  ....  81*70 

Siilphur  2 ....  32  ....  8*G9  ....  8-7G 

Chlorine 1 ....  3G  ....  9*79  ....  9*2G 


Chlorosulphuret  of  mercury  1 3G8  100*00  99*72 

lonosuLPnuRET  OF  Mercury.  2HgS,HgI.  This  is  a yellow  compound 
obtained  by  the  action  of  sulphuretted  hydrogen  upon  iodide  of  mercury. 
It  is  resolved  by  heat  into  iodide  and  sulphuret  of  mercury. 

Bromosulpiiuret  of  Mercury,  2HgS,HgBr,  is  obtained  by  the  action 
of  sulphuretted  hydrogen  upon  solution  of  bromide  of  mercury,  the  latter 
being  in  excess:  it  is  also  formed  by  digesting  freshly  precipitated  sul- 
phuret of  mercury  in  solution  of  bromide  of  mercury:  it  is  a pale  yellow 
compound,  resolved  by  heat  into  bromide  and  sulphuret  of  mercury;  it  is 
more  slowly  blackened  by  the  alkalis  than  the  corresj^onding  chloiine 
compound:  it  is  neither  dissolved  nor  decomposed  by  boiling  nitiic  or 
sulphuric  acid.  (H.  Rose.) 
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Fluosulpiiuret  of  Mercury.  2HgS,HgF.  When  a solution  of 
fluoride  of  mercury  in  hydrofluoric  acid  is  subjected  to  the  action  of  sul- 
phuretted hydrogen,  a white  precipitate  is  obtained,  which  is  character- 
istically distinguished  from  the  preceding  combinations  by  its  being  de- 
composed by  boiling  Avater  into  sulphuret  of  mercury  and  fluoride  of 
mercury.  When  heated  Avith  sulphuric  acid,  hydrofluoric  acid  is  disen- 
gaged. (H.  Rose.) 

Hyposulphites  of  Mercury.  When  a solution  of  an  alkaline  hypo- 
sulphite is  poured  into  a very  dilute  solution  of  nitrate  of  suhoxide  of 
mercury  it  occasions  a black  precipitate,  Avhich,  however,  is  not  a true 
hyposulphite.  With  the  salts  of  the  peroxide  the  precipitate  is  Avhite 
or  yellow,  and  is,  according  to  Rose,  a compound  of  the  mercurial  salt 
Avith  sulphuret  of  mercury. 

When  finely-divided  peroxide  of  mercury  is  dissolved  in  a warm 
solution  of  hyposulphite  of  ammonia,  and  alcohol  added  to  the  solution, 
prismatic  crystals  are  formed  “ 4 [NH4  0,S2  O2]  +HgO,S2  O2,  -4-2HO. 
When  their  aqueous  solution  is  boiled,  it  deposits  a black  precipitate  of 
sulphuret  of  mercury,  Avhich  gradually  passes  into  cinnabar.  (Rammels- 
BERG,  Poggend.^  Lvi.  318.) 

Sulphites  of  Mercury.  These  salts  appear  not  to  exist.  When 
sulphurous  acid  acts  upon  oxide  of  mercury,  it  forms,  according  to  Ber- 
zelius, a sulphate  of  the  suhoxide,  Avhich,  on  the  further  addition  of  sul- 
phurous acid,  is  reduced  to  the  metallic  state:  the  same  thing,  he  observes, 
happens,  when  any  salt  of  suhoxide  of  mercury  is  heated  Avith  hyposul- 
phite of  potassa.  A solution,  containing  only  a 100,000th  part  of  nitrate 
of  suhoxide  of  mercury,  is  rendered  brown  by  the  addition  of  an  alkaline 
hyposulphite,  in  consequence  of  the  production  of  sulphuret  of  mercury. 

Hyposulphates  of  Mercury.  Freshly  precipitated  suhoxide  of 
mercury  dissolves  in  hyposulphuric  acid,  and  aflbrds,  on  evaporation,  a 
Avhite  crystalline  salt  containing  74*78  per  cent,  of  the  oxide ; it  is  there- 
fore neutral  and  anhydrous : it  dissolves  difficultly  in  Avater,  easily  in 
dilute  nitric  acid,  is  blackened  by  boiling  with  Avater,  decomposed  by 
alkalis,  and  is  resolved  at  a high  temperature  into  metallic  mercury,  sul- 
phurous acid,  and  sulphate  of  mercury.  A neutral  salt  of  the  peroxide 
does  not  exist ; but  Avhen  excess  of  peroxide  of  mercury  is  digested  Avith 
hyposulphuric  acid,  a yelloAvish-Avhite  basic  salt  is  formed,  soluble  in 
dilute  hydrochloric  acid.  (Rammelsberg,  Poggend.,  Lviii.  and  uix. 
Chem.  Gaz.,^  July?  1843.) 

Sulphate  of  Suboxide  of  Mercury.  Hg2  0,S03.  When  1 part 
of  mercury  is  digested  in  a moderate  heat  Avith  of  sulphuric  acid,  sul- 
phurous acid  gas  is  evolved,  and  a Avhite  deliquescent  mass  is  obtained, 
Avhich,  Avashed  Avith  cold  water,  affords  a very  diflficultly-soluhle  Avhite 
salt,  AA'hich  is  a sulphate  of  suhoxide  of  mercury.  The  same  salt  is  throAvn 
doAvn,  when  sulphuric  acid  or  sulphate  of  soda  is  added  to  a solution  of 
nitrate  of  suhoxide  of  mercury:  it  is  also  formed  by  triturating  equivalent 
proportions  of  mercury  and  persulphate,  and  heating  the  mixture,  as  in 
the  process  for  making  calomel  (p.  975).  Sulphate  of  suhoxide  of  mer- 
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cury  requires  500  parts  of  cold,  and  300  of  boiling  water  for  its  solution: 
it  crystallizes  in  prisms.  According  to  Fourcroy,  it  is  soluble  in  dilute 
sulphuric  acid,  and  thus  forms  a crystallizable  supersalt.  It  is  soluble  in 
dilute  nitric  acid,  from  which  it  is  almost  entirely  precipitated  by  dilute 
sulphuric  acid.  (Wackenroder.)  Its  solution  in  boiling  water  is 
decomposed  by  the  fixed  alkalis,  which  at  first  throw  down  a basic  salt, 
and  when  added  in  excess,  separate  the  black  oxide.  Its  decomposition 
by  chloride  of  sodium  in  the  production  of  calomel,  has  been  above 
described.  This  salt,  when  anhydrous,  consists  of 


Kane. 

Snboxide  of  mercury 1 ....  208  ....  83’87  ....  83-98 

Sulphuric  acid  1 ....  40  ....  lG-13  ....  lG-02 


Sulphate  of  suboxide  of  mercury  1 248  lOO'OO  100-00 

Sulphate  of  Peroxide  of  Mercury.  Persulphate  of  Mercury. 
IIgO,S03.  This  salt  is  formed  when  2 parts  of  mercury  and  3 of  sul- 
phuric acid  are  boiled  down  to  dryness : sulphurous  acid  is  evolved 
during  the  process  (p,  975.)  It  is  also  obtained  by  dissolving  I atom  of  oxide 
of  mercury  in  somewhat  more  than  I atom  of  oil  of  vitriol,  and  evaporating 
to  dryness  : the  oxide  should  be  in  fine  powder,  and  the  acid  diluted 
with  about  3 parts  of  water ; the  process  is  best  performed  in  a plati- 
num crucible,  and  any  excess  of  acid  may  be  expelled  by  raising  the  heat 
nearly  to  redness,  for  the  salt  bears  that  temperature  without  decom- 
position ; at  a dull  red-heat  it  becomes  orange-colored,  but  again  white 
on  cooling,  and  at  a somewhat  higher  temperature  it  evolves  oxygen  and 
sulphurous  acid,  mercury  distils  over,  and  a little  of  the  sulphate  of  the 
suboxide  sublimes.  Berzelius  observes  that  if  this  operation  be  sus- 
pended, the  residue  is  always  undecomposed  sulphate,  so  that  its  decom- 
position only  ensues  at  the  moment  of  its  volatilization.  When  dry 
hydrochloric  gas  is  conducted  over  this  salt  at  common  temperatures,  it 
has  no  effect  upon  it;  but  if  it  be  heated  at  any  one  point,  decomposition 
begins  there,  and  continues  through  the  whole  mass,  so  as  to  convert  the 
whole  into  a mixture  of  chloride  of  mercury,  sulphuric  acid,  and  water ; 
IIgO,S03, -{- IICl,=r:TTgC], -f  S03,IIO  ; and  as  the  corrosive  sublimate  is 
more  volatile  than  the  oil  of  vitriol,  they  may  be  separated  by  the  due 
application  of  heat.  Similar  decomposition  ensues  with  hydriodic  and 
hydrocyanic  acid.  This  sulphate  of  mercury  is  decomposed  in  the  humid 
way  by  all  the  hydracids,  and  free  sulphuric  acid  is  found  in  solution. 
Its  decomposition  by  chloride  of  sodium  in  the  production  of  corrosive 
sublimate  has  already  been  noticed.  It  is  resolved  by  water  into  a 
soluble  acid  salt  and  an  insoluble  basic  salt : the  former  may  be  obtained 
in  white  deliquescent  acicular  crystals,  which  have  not  been  sjiecially 
examined.  This  sulphate  consists  of 

Kane. 

Peroxide  of  mercury 1 ....  10^  ••••  72'97  ....  j2'98 

Suhfiiuric  acid  1 ....  40  ....  27*03  ....  2j'02 


Sulphate  of  peroxide  of  mercury)  ^ 100-00  100-00 

(persulphate  of  mercury)  j 

Tribasic  Sulphate  of  Peroxide  of  Mercury.  Subpersulpiiate 
OF  Mercury.  3IIgO,S03.  This  salt  (long  known  under  the  name  of 

3 T 2 
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Turpeth  mineral^  from  a similarity  in  its  medical  effects  to  tliose  of  tlie 
root  of  tlie  Cotivolviilus  Turpeihum^  which  is  violently  cathartic  and 
emetic,)  is  obtained  in  the  form  of  an  almost  insoluble  yellow  powder  by 
the  action  of  boiling  water  upon  the  preceding  sulphate : it  is  also  preci- 
pitated upon  the  mixture  of  l)oiling  solutions  of  pernitrate  of  mercury 
and  sulphate  of  soda : its  specific  gravity  is  6-4  ; it  requires  about  2000 
parts  of  cold,  and  600  of  boiling  water  for  solution  : when  gently  heated, 
its  color  gradually  deepens  to  orange,  but  reverts  to  lemon-yellow  as  it 
cools.  It  consists  of 

Kane.  R.  Phillips. 

Peroxide  of  mercury 3 ....  324  ....  89‘01  ....  88'90  ....  87’4 

Sulphuric  acid 1 ....  40  ....  10’99  ....  10‘95  ....  12-G 


Tribasic  sulphate  of  peroxide  1 
of  mercury  j 


3G4  100-00  99-85  lOO'O 


Aclion  of  ammonia  on  the  sulphates  of  mercury,  (a.)  Tribasic  amido- 
sulphate  of  suboxide  of  mercury.  3Hg2  0,S03  + Hg2,NI42.  This  com- 
pound is  the  result  of  the  action  of  aqueous  ammonia  upon  sulphate  of 
suboxide  of  mercury;  it  is  a dark-grey  powder  which  is  resolved  by  heat 
into  water,  ammonia,  sulphurous  acid,  oxygen,  and  mercury.  Kane 
represents  it  as  constituted  of 


Mercury  

2 

....  200 

....  22*73 

Amidogen  

1 

....  IG 

1-82 

Suboxide  of  mercury  .... 

3 

....  G24 

....  70*91 

Sulphuric  acid  

1 

40 

4*54 

Hg2;NIl2, 4-  3llg2  0 -J-  SO3 

1 

880 

100-00 

(/S.)  Tribasic  amido-sidphate  of  peroxide  of  mercury,  IlgNIK,  4- 
3Hg0,S03.  This  compound,  which  is  represented  by  Kaminelsberg 
(Pq  ggend.,  Lv.  85)  as  containing-  nitruret  of  mercury,  sulphate  of  mer- 
cury, and  water  [IIg3  N-b  HgO,S03-l- 2HO],  is  obtained  by  the  action 
of  solution  of  ammonia  on  persulphate  of  mercury : it  has  sometimes 
been  called  ammoniacal  turpeth.,  inasmuch  as  it  is  also  formed  when  that 
tribasic  subsalt  is  digestiid  in  a solution  of  sulphate  of  ammonia  till  it  is 
converted  into  a white  powder,  an  ammonio-sulphate  of  peroxide  of  mer- 
cury being  at  the  same  time  formed:  2 [3HgO 4- S03] -f  3 [NH4  0,S03] 
[HgNH2  4-  3Hg0,S03]  4-  2 [NH4  0,S03  -f  HgO,S03]  4-  2110.  It  is  a 
heavy  white  powder,  which  becomes  brown  when  heated ; when  diffused 
in  water  and  subjected  to  the  action  of  sulphuretted  hydrogen,  it  yields 
sulphuret  of  mercury  and  a neutral  solution  of  sulphate  of  ammonia. 
(Kane.)  Its  components  are  represented  as 


Kane. 

Mercury 4 ....  400  ....  83-34  ....  83-43 

Amidogen  1 ....  IG  ....  3-33  ....  3-27 

Oxygen  3 ....  24  ....  5-00  .... 

Sulphuric  acid  1 ....  40  ....  8-33  ....  8-25 


HgNIl2-|-3Hg0-bS03  1 480  100-30 

(7.)  Ammonio-sulphate  of  peroxide  of  mercury.  NH4  0,S03  4- HgO, 
SO3.  This  is  a difficultly  soluble  salt,  Avhich  falls  in  the  form  of  a white 
powder  on  mixing  solutions  of  the  component  sulphates  : it  is  soluble  in 
excess  of  ammonia.  (Fourcroy,  Ann.  de  Chm.,  xiv.  34.) 
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riiosPirriiET  OF  IMekcury  may  be  formed  by  beating  phosphorus 
'with  oxide  of  mercury,  or  Avitli  tlie  subsulpliuret  (Pelletier)  ; or  by 
passing  tlie  vapor  of  phosphorus  over  calomel  (Davy)  ; or  phospliuretted 
hydrogen  through  a solution  of  nitrate  of  suboxide  of  mercury  (Thomson); 
or  by  passing  phospliuretted  hydrogen  through  dry  and  gently  heated 
corrosive  sublimate,  'when  phosphuret  of  mercury  sublimes.  (II.  Pose, 
Poggend.^  xxiv.  335.)  It  varies  in  appearance,  and  according  to  the 
method  of  its  production  its  color  is  either  brown  or  black  : prepared  by 
Pose’s  process,  it  forms  a brown  or  orange-colored  sublimate,  which,  when 
suddenly  heated,  is  resolved  into  phosphorus  and  mercury.  AVdien 
obtained  by  the  action  of  phospliuretted  hydrogen  upon  mercurial  solu- 
tions, it  almost  always  contains  portions  of  the  salt  employed ; and  by 
acting  upon  solutions  of  persalts  of  mercury  by  phospliuretted  hydrogen, 
the  first  precipitate  is  white  or  yellow,  and  is  a compound  of  phosphuret 
of  mercury  and  the  salt  of  the  oxide.  These  combinations  have  been 
described  by  II.  Pose.  (Jnn.  Ch.  et  Ph.,  Lxvi.  366.) 

IIypopiiosphite  and  Phosphite  of  Mercury  cannot  be  formed,  as 
those  acids  reduce  the  oxides  and  salts  of  mercury. 

Phosphates  of  Mercury,  (a.)  When  solution  of  common  phos- 
phate of  soda  is  dropped  into  a solution  of  suboxide  of  mercury,  a white 
crystalline  precipitate  falls,  which  is  a hibasic  'phosphate  of  suhoxide  of 
mercinp  — O^VOb  [2IIg2  0,H0  + cPOs?]  It  is  insoluble  in  water 
and  in  excess  of  phosphoric  acid,  and  when  heated,  leaves  a yellow 
vitreous  phosphate  of  the  peroxide.  (Dulong,  Mem.  d’ Areueil.)  When 
boiled  with  water  it  is  converted  into  a grey  powder,  Avhich  is  a mixture 
of  mercury  with  undecomposed  salt,  and  phosphate  of  the  peroxide  is 
found  in  solution.  (TI.  Rose.)  It  is  blackened  by  boiling  hydrochloric 
acid  in  consequence  of  separated  mercury  and  formation  of  perphosphate. 
It  is  entirely  decomposed  by  solution  of  potassa,  and  the  whole  of  the 
mercury  precipitated.  It  consists,  when  thoroughly  dried  at  212°,  of 


Trommsdorff. 

Suboxide  of  mercury  2 ....  416  ....  65'25  ....  65‘9 

Pho.splioric  acid  1 ....  72  ....  14'75  ....  14’4 


Bibasic  phosphate  of  suboxide  of  mercury  1 488  100  00  lOO'O 

(/9.)  Pyrophosphate  of  Suhoxide  of  Mereury.  When  a mixture  of 
crystallized  nitrate  of  suboxide  of  mercury  and  pyrophosphate  of  soda  is 
triturated  wdth  cold  water,  a black  precipitate  falls,  and  the  liquid  contains 
a salt  of  the  suhoxide,  free  from  protoxide  : Avith  boiling  water,  the  pre- 
cipitate is  blacker,  and  a mixture  of  the  phosphate  of  the  suhoxide  and 
of  the  oxide  is  found  in  solution.  (II.  Pose.)  According  to  Gmelin, 
pyrophosphate  of  soda  occasions  a Avhite  precipitate  in  solution  of  nitrate 
of  suhoxide  of  mercury,  neither  soluble  in  nor  discolored  by  excess  of  the 
soda  salt,  flandhuch.) 

(7.)  Phosphate  of  peroxide  of  Mercury,  2ITg0,r05.  Perphosphate 
of  IMer  cury.  This  salt  falls  in  the  form  of  a dense  white  insoluble  powder 
(=:2ng0'lI0-l-cP05?)  on  mixing  solutions  of  the  nitrate  of  the  per- 
oxide and  phosphate  of  soda;  solution  of  potassa  abstracts  the  whole  of 
its  acid,  and  throws  doAvn  oxide  of  mercury : aqueous  phosphorous  and 
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sulphurous  acid  slowly  effect  a partial  reduction  of  the  mercuric  oxide:  it 
is  soluble  in  hydrochloric  acid,  and  on  evaporating  the  solution,  alcohol 
abstracts  corrosive  sublimate  from  the  residue:  it  is  also  soluble  in  solu- 
tion of  sal-ammoniac.  Its  components,  Avhen  dried  at  212°,  are 


Trommsdorff. 

Oxide  of  mercury 2 ....  216  ....  75  ....  75*2 

Phosphoric  acid  1 ....  72  ....  25  ....  24*8 


Perphosphate  of  mercury  1 288  100  100*0 

Seleniuret  of  Mercury,  obtained  by  heating  the  metal  with  sele- 
nium, is  a tin-colored  substance,  which  sublimes  in  shining  scales  at  a 
temperature  below  its  point  of  fusion ; with  excess  of  selenium  a grey 
crystalline  mass  is  obtained. 

Native  Seleniuret  of  Mercury  has  been  found  in  combination  with 
seleniuret  of  lead. 

Selenite  of  Suboxide  of  Mercury,  Hg2  0,Se02,  is  a white,  insoluble 
powder,  fusible  and  volatile  at  a high  temperature.  (Berzelius.) 


Selenite  of  Oxide  of  Mercury,  HgO,Se02,  is  a white,  difficultly 
soluble  powder:  dissolved  in  selenious  acid  it  forms  a crystallizable  bise- 
lenite  in  striated  prisms,  which  fuse  in  their  water  of  crystallization  and 
sublime  when  highly  heated.  (Berzelius.) 


Carbonates  of  Mercury.  Carbonate  of  Suboxide  of  Merciinj^ 
ITg2  0,C02,  is  thrown  down  when  solution  of  carbonate  of  potassa  or  soda 
is  dropped  into  solution  of  nitrate  of  suboxide  of  mercury,  in  the  form 
of  a yellow  powder.  To  obtain  a perfect  carbonate,  Setterberg  mixes  the 
nitrate  of  the  suboxide  with  slight  excess  of  bicarbonate  of  potassa,  and 
frequently  stirs  the  mixture  during  several  days  till  all  the  basic  subsalt 
of  mercury  is  decomposed;  he  then  quickly  washes  and  dries  the  precipi- 
tate in  vacuo  over  oil  of  vitriol : it  then  consists  of 


Setterberg. 

Suboxide  of  mercury  1 ....  208  ....  90*44  ....  90*79 

Carbonic  acid  1 ....  22  ....  9*56  ....  9*21 


Carbonate  of  suboxide  of  mercury  1 230  100*00  106  00 

Carbonate  qfj^feroxide  of  Mercury.  C er carbonate  of  Mercury.  4HgO, 
CO2.  Solution  of  nitrate  of  mercury  affords  a reddish-brown  precipitate 
with  carbonate  of  potassa  or  soda,  which  is  slightly  soluble  in  excess  of 
the  alkaline  solution,  and  in  aqueous  carbonic  acid.  It  dissolves  in  solu- 
tion of  sal-ammoniac.  With  solution  of  corrosive  sublimate  the  above 
alkaline  carbonates  throw  down  oxichloride  of  mercury.  The  above 
precipitate  is  a basic  salt.  (R.  Phillips,  A7in.  Phil.^  xxvi.  109.  Setter- 
berg, Poggend.^  xix.  60.)  It  consists  of 


Setterberg.  R.  Phillips. 

Oxide  of  mercury  4 ....  432  ....  95*16  ....  94*42  ....  96*1 

Carbonic  acid  1 ....  22  ....  4*84  ....  4*78  ....  4*4 


Basic  I 
of : 


carbonate  of  peroxide ) 
mercury  j 


454 


100*00  99*20 
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are  several  processes  in  common  use  for  the  preparation  of  this  compound. 
(1.)  By  boiling  1 part  of  finely-powdered  peroxide  of  mercury  with  2 of 
pure  Prussian  blue  in  8 parts  of  water,  a solution  is  obtained,  which 
if  filtered  while  hot,  deposits,  on  cooling,  crystals  of  the  cyanide.  (2.) 
When  peroxide  of  mercury  is  brought  into  the  contact  of  the  vapor  of 
hydrocyanic  acid  they  act  intensely  upon  each  other,  and  Avater  and 
cyanide  of  mercury  are  immediately  formed.  The  attraction  of  mercury 
for  cyanogen  is  so  strong,  that  peroxide  of  mercury  decomposes  nearly 
all  the  metallic  cyanides,  not  excepting  that  of  potassium;  but  the  salts 
of  palladium  decompose  cyanide  of  mercury.  (3.)  Peroxide  of  mercury 
may  be  digested  in  aqueous  hydrocyanic  acid;  the  oxide,  in  very  fine 
powder,  may  be  agitated  and  left  in  contact  with  the  acid  till  its  odor  is 
lost ; more  of  the  acid  is  then  added  to  the  decanted  liquid,  and  on 
evaporation  the  cyanide  is  obtained.  Winkler  directs  this  process  as 
folloAA^s  : 15  parts  of  ferrocyanide  of  potassium,  13  of  sulphuric  acid,  and 
100  of  Avater,  are  distilled  by  a moderate  heat  nearly  to  dryness,  the 
A'apor  being  condensed  into  30  parts  of  Avater ; a portion  of  the  resulting 
acid  is  put  aside,  and  the  remainder  mixed  Avith  16  parts  of  finely-poAA"- 
dered  peroxide  of  mercury,  and  agitated  till  the  odor  of  the  acid  disap- 
pears : the  solution  is  then  jDOured  off  from  the  undissolved  oxide,  and 
the  reserved  portion  of  the  acid  added  to  it ; this  is  done  to  saturate  a 
portion  of  oxide  of  mercury  which  the  cyanide  dissolves  in  excess:  12 
parts  of  cyanide  of  mercury  are  then  obtained  by  evaporation.  (4.)  To  a 
solution  of  2 parts  of  ferrocyanide  of  potassium  in  15  of  boiling  Avater, 
add  3 parts  of  dry  persulphate  of  mercury;  boil  for  15  minutes,  and  filter 
off  the  clear  liquid  AA'hilst  hot : as  it  cools,  cyanide  of  mercury  crystal- 
lizes, Avhich  must  be  purified  by  a second  crystallization : evaporate  the 
mother-liquid  to  dryness  and  digest  the  residue  in  alcohol,  Avhich  takes 
up  a further  quantity  of  cyanide.  In  this  process  there  is  a mutual 
decomposition  of  cyanide  of  potassium  (of  the  ferrocyanide)  and  of  per- 
sulphate of  mercury,  into  cyanide  of  mercury  and  sulphate  of  potassa ; 
cyanide  of  iron  is  at  the  same  time  precipitated.  (Liebig.) 

Cyanide  of  mercury  forms  anhydrous  prismatic  crystals,  their  primary 
form  being  a right  square  prism,  (Brooke,  A?m.  of  Phil.^  2nd  Series,  vi. 
42,)  nearly  colorless,  or  of  a pale  buff  color,  at  first  transparent,  perma- 
nent in  the  air,  poisonous,  and  of  a nauseous  metallic  taste:  they  dissolve 
in  8 parts  of  AA^ater  at  60°,  but  in  less  boiling  Avater,  and  are  sparingly 
soluble  in  alcohol. 

This  salt  is  decomposed  by  heat,  as  in  the  process  for  obtaining 
cyanogen,  and  a brovAm  or  black  matter  remains  in  the  retort,  Avhich, 
according  to  Johnston,  is  paracyanogen  (p.  505.)  If  distilled  Avith  hydro- 
chloric acid,  hydrocyanic  acid  and  chloride  of  mercury  are  formed : it  also 
is  decomposed  by  hydriodic  acid  and  by  sulphuretted  hydrogen,  an  iodide 
and  a sulphuret  of  mercury,  and  hydrocyanic  acid,  being  formed.  Nitric 
acid  dissolves  it  Avithout  decomposition.  It  is  decomposed  Avhen  heated 
Avith  sulphuric  acid.  The  alkalis  do  not  act  upon  this  cjmnide.  It  sloAAdy 
absorbs  a small  portion  of  ammoniacal  gas.  It  consists  of 


Gay  Lussac.  Porret. 

Mercury 1 ....  100  ....  70‘37  79'01  ....  79‘08 

Cyanogen  1 ....  26  ....  20'63  ....  20‘09 


Cyanide  of  mercury  1 


126 


10000 


100-00 
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OxiCYANiDE  OF  Mercury.  When  a solution  of  cyanide  is  boiled 
with  excess  of  peroxide  of  mercury,  a compound  is  obtained  in  acicular 
crystals,  on  evaporation,  Avhich  is  more  soluble  than  the  cyanide,  and  has 
an  alkaline  reaction  on  vegetable  colors.  The  formation  of  this  and  the 
succeeding  compound  must,  as  already  stated,  be  avoided  in  preparing 
cyanide  of  mercury.  This  salt  is  a tribasic  cyanide  of  peroxide  of  mer- 
cury, — FIgCy,31igO.  (Kuhn.)  When  strong  aqueous  hydrocyanic  acid 
is  agitated  with  excess  of  peroxide  of  mercury,  a white  salt  is  formed, 
which  may  be  separated  by  boiling  water,  and  which  crystallizes  on 
cooling  in  transparent  four-sided  acicular  prisms.  When  gently  heated, 
it  blackens  and  explodes : it  is  a compound  of  1 atom  of  cyanide  with  1 
of  peroxide  of  mercury.  (Johnston,  Phil.  Trans. 1839.) 

Hydrargo- CYANIDES.  These  compounds  are  formed  by  digesting 
cyanide  of  mercury  in  solutions  of  cyanide  of  potassium,  sodium,  calcium, 
barium,  &c.  The  hy dr ar go-cyanide  of  yotassiuni  yields  octohedral  crystals'^ 
= KCy,HgCy. 

Cyanide  of  mercury  also  forms  compounds  with  chlorides,  iodides, 
bromides,  and  with  several  oxisalts.  When  cyanide  of  mercury  and 
iodide  of  potassium  are  mixed  in  solution,  pearly  crystals  fall,  which, 
when  redissolved,  yield  large  thin  brilliant  plates,  requiring  16  parts  of 
water  at  60°  for  their  solution.  They  are  decomposed  by  heat,  and 
leave  a residue  of  iodide  of  potassium  and  charcoal.  {Atm,  Ch.  el  Ph.^ 
xix.  220.) 

Fulminating  Mercury.  Fulminate  of  Mercury.  2Hg2  0,Cy2  O2. 
This  compound  was  discovered  by  Mr.  Howard.  {Phil.  Trans. 1800, 
p.  214.)  It  is  prepared  by  dissolving  100  grains  of  mercury  in  a mea- 
sured ounce  and  a half  of  nitric  acid,  aided  by  heat.  This  solution  is  to 
be  poured,  when  cool,  into  two  measured  ounces  of  alcohol  in  a porcelain 
basin,  and  gently  warmed : it  soon  begins  to  effervesce  and  evolve  ethe- 
real vapor,  and  if  the  action  is  too  violent,  it  must  be  quelled  by  cooling 
the  vessel,  or  by  the  addition  of  a little  cold  alcohol.  Luring  this  action 
a yellow-grey  precipitate  falls,  wdiicli  is  to  be  immediately  separated  by 
decantation  and  filtration,  washed  with  small  quantities  of  distilled  water, 
and  carefully  dried  at  a heat  not  exceeding  100°.  The  above  quantity  of 
mercury  yields  about  120  grains  of  the  powder,  wdien  the  operation  has 
been  most  successful.  If  the  product  is  mixed  with  metallic  mercury,  it 
may  be  purified  by  solution  in  boiling  water,  from  which  it  is  deposited 
in  silky  acicular  crystals. 

This  dangerous  compound  is  now  in  considerable  demand  for  the 
manufacture  of  percussion  caps:  according  to  Cremascoli,  the  following  is 
the  safest  mode  of  preparing  it:  6 ounces  of  nitric  acid  of  1*3  sp.  gr.  are 
poured  upon  half  an  ounce  of  mercury  in  a, flask,  and  held  for  about  a 
minute  in  boiling  water  : as  soon  as  the  metal  is  dissolved,  and  the  temper- 
ature of  the  liquor  about  55°,  it  is  poured  into  and  mixed  with  4 ounces  of 
alcohol,  sp.  gr.  0‘833;  the  flask  is  then  again  immersed  for  2 or  3 minutes 
in  boiling  water,  or  till  dense  white  vapor  rises;  it  is  then  removed  to  a 
cool  place ; very  moderate  action  ensues,  and  in  the  course  of  some  hours 
the  fulminating  mercury  is  deposited  in  the  form  of  a crystalline  precipi- 
tate, which,  when  washed  and  dried,  iveighs  5 drachms.  It  is  introduced 
into  the  percussion  caps,  moistened  with  a little  tincture  of  benzoin,  so  as 
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to  he  dropped  in,  and  subsequently  carefully  dried ; it  is  also  sometimes 
mixed  nutli  about  6 per  cent,  of  powdered  nitre  and  a little  water,  and 
this  dropped  into  the  cap  also  adheres  when  dry.  The  greatest  caution 
is  always  required  in  preparing  and  dealing  with  fulminating  mercury, 
for  it  not  only  sometimes  explodes  with  trifling  friction,  but  may  do  so  in 
a moist  state;  and  even  in  the  most  careful  and  skilful  hands,  it  cannot 
be  meddled  with  wdthout  considerable  danger,  a melancholy  proof  of  which 
was  furnished  by  the  lamentable  death  of  Mr.  Ilennell,  at  Apothecaries’ 
Hall,  on  the  4th  of  June,  1842;  he  was  in  the  act  of  mixing  two  separate 
portions  of  the  powder  in  a moist  state,  Avith  an  ivory  knife,  Avhen 
the  Avhole  quantity,  amounting  to  aboA^e  Gibs.,  exploded,  and  shattered 
his  head,  breast,  and  right  arm  to  atoms:  a man  standing  Avithin  four 
yards  of  him  Avas  not  injured,  but  the  AvindoAvs  of  the  immediately  sur- 
rounding buildings  Avere  broken,  and  a large  Avooden  block,  upon  Avhich 
one  of  the  basins  AA^as  placed,  Avas  shivered,  as  Avas  also  the  pavement  upon 
Avhich  it  stood. 

This  compound,  Avhen  heated  to  about  300°,  (367°  Berzelius,)  ex- 
plodes AAuth  a bright  flame:  it  also  detonates  by  friction,  by  the  electric 
spark,  and  by  contact  of  concentrated  sulphuric  and  nitric  acids:  the 
gases  evolved  by  its  explosion  are  carbonic  acid,  nitrogen,  and  the  vapor 
of  mercury.  Liebig  and  Gay  Lussac  have  furnished  some  curious  facts 
tOAAmrds  the  history  of  this  compound.  {Ann.  Cli.  el  Ph.^  xxiv.  and  xxv.) 
IIoAAmrd  endeavoured  to  substitute  it  for  gunpoAvder,  but  the  explosion  is 
so  sudden  as  to  burst  the  gun  Avithout  expelling  the  shot.  It  consists  of 

Suboxide  of  mercury  2 ....  41G  ....  86’0  2 ....  416  ....  86 


Cyanogen 2 ....  52  ....  10’7  iFulminicl  , 

Oxygen  2 ....  16  ....  3*3  | acid  J 


Fulminate  of  mercury  1 484  lOO’O  I 484  100 

Ferrocyanide  of  Mercury.  When  any  solution  of  a mercurial 
salt  is  mixed  Avitli  ferrocyanide  of  potassium,  a AAdiite  precipitate  falls, 
Avhich  decomposes  spontaneously  into  cyanide  of  iron,  and  cyanide  of 
mercury:  the  latter  is  dissolved,  and  if  a salt  of  the  suboxide  has  been 
used,  metallic  mercury  is  also  separated:  these  changes  are  accelerated  by 
heat. 

SuLPiTocYANiDE  OF  Mercury.  When  sulphocyanlde  of  potassium  is 
mixed  Avith  nitrate  of  suboxide  of  mercury,  a Avhite  precipitate  falls. 
See  Wohler  {Gilh.  Annalen.,  Lxix.),  and  Berzelius  {LehrbucJi)^  in  refer- 
ence to  these  compounds,  under  the  head  of  Rfiodanides  of  mercury. 

Borates  of  IMercury.  When  solution  of  nitrate  of  suboxide  of  mer- 
cury and  of  borate  of  soda  are  mixed  and  evaporated,  small  shining  crys- 
tals are  obtained,  Avhich,  according  to  Berzelius,  consist  of  basic  nitrate  of 
mercury,  Avhile  the  boracic  acid,  in  the  form  of  a supersalt,  remains  in  solu- 
tion. A compound  of  boracic  acid  and  oxide  of  mercury  mny  be  formed 
by  careful  fusion,  but  it  is  decomposed  by  boiling  Avater. 

Arsenites  of  JMercury.  Acjueous  arsenious  acid,  and  arsenite  of 
potassa,  give  a Avhite  precipitate  with  nitrate  of  protoxide  of  mercury, 
which  is  soluble  in  nitric  acid:  the  same  salt  is  formed  by  digesting  mer- 
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cury  ill  aqueous  arsenic  acid.  (Berzelius.')  The  precipitate  formed  by 
arsenious  acid  in  nitrate  of  peroxide  of  mercury  is  white,  soluble  in  nitric 
acid,  and  soluble  also  in  excess  of  arsenite  of  potassa. 

Arseniates  of  Mercury.  Bihasic  arseniate  of  suhoxide  of  mercury^ 
2Hg2  0,As05,  falls  in  the  form  of  a white  precipitate,  which  reddens  on 
drying,  when  nitrate  of  suboxide  of  mercury  is  dropped  into  concentrated 
aqueous  solution  of  arsenic  acid.  If  the  solution  of  arsenic  acid,  or  of 
arseniate  of  soda,  be  dropped  into  the  mercurous  solution,  a white  arsenio- 
nitrate  falls,  which,  especially  when  heated,  becomes  yellow,  orange- 
colored,  and  red  or  purple,  assuming  the  color  of  the  pure  arseniate  of 
the  suboxide.  This  precipitate  sometimes  forms  fine  acicular  crystals, 
which  lose  water  of  crystallization  when  heated  above  212^,  and  at  higher 
temperatures  are  resolved  into  mercury  and  arseniate  of  mercury,  and 
ultimately  into  mercury,  arsenious  acid,  and  oxygen.  It  is  soluble  with- 
out decomposition  in  cold  nitric  acid,  and  precipitable  from  it  by  ammo- 
nia; by  boiling  nitric  acid  it  is  converted  into  perarseniate : it  is  insoluble 
in  water,  in  acetic  acid,  and  in  alcohol.  (Simon,  Poggend.^  xni.  424.)  The 
crystallized  salt  is  2Hg2  0,As05,2H0.  The  anhydrous  salt  consists  of 


Simon. 

Suboxide  of  mercury 2 ....  416  ....  76’34  ....  80‘1 

Arsenic  acid  1 ....  115  ....  21-66  ....  19-9 


Bibasic  arseniate  of  suboxide  of  mercury  1 531  100*00  lOO'O 

Monobasic  arseniate  of  suhoxide  of  mercury^  IIg2  0,As05,  is  obtained 
by  evaporating  a solution  of  the  preceding  salt  (or  of  suboxide  of  mer- 
cury) in  aqueous  arsenic  acid,  to  dryness,  triturating  the  white  residue 
with  water,  washing,  and  drying  the  remaining  white  powder  in  a water- 
bath:  it  is  insoluble  in  water,  in  alcohol,  and  in  acetic  acid:  its  compo- 
nents are 

Simon. 

Suboxide  of  mercury  1 ....  208  ....  64-4  ....  62*66 

Arsenic  acid 1 ....  115  ....  35*6  ....  37*34 

Monobasic  arseniate  of  suboxide  of  mercury  I 323  100*0  100*00 

Arseniate  of  peroxide  of  Mercury.  Perarseniate  of  Mercury.  Arsenic 
acid  occasions  a white  precipitate  in  solution  of  nitrate  of  peroxide  of 
mercury,  and  arseniate  of  soda  forms  a yellow  precipitate  in  solution  of 
corrosive  sublimate.  (Bergman.) 

Molybdate  of  Mercury.  Molybdic  acid  occasions  a yellow  preci- 
pitate in  solutions  of  suboxide  of  mercury,  easily  soluble  in  nitric  acid. 
Molybdate  of  potassa  also  throws  down  a yellow  precipitate  from  the 
nitrate,  which  is  very  sparingly  soluble  in  water,  and  decomposed  by  nitric 
acid.  (Hatchett.)  Berzelius  has  described  several  compounds  of  sul- 
phurets  of  molybdenum  and  sulj)hurets  of  mercury.  fLehrbnch,  and 
Poggend.y  vii.  2770 

Chromate  of  Mercury.  Chromate  of  potassa  throws  down  an 
orange-red  precipitate  from  the  solution  of  nitrate  of  suboxide  of  mer- 
cury: its  color  is  brightest  when  the  solution  is  acid,  but  in  that  case  a 
portion  of  chromate  remains  dissolved.  This  salt  is  an  excellent  source 
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of  oxide  of  cliromium,  which'  remains  wlien  it  is  heated  so  as  to  expel 
mercury  and  oxygen:  it  is  sparingly  soluble  in  Avater,  in  nitric  acid,  and 
in  solution  of  sal-ammoniac  and  of  nitrate  of  ammonia:  its  composition 
is  represented  by  Gmelin  as  4ITg2  0,3Cr03;  it  contains  about  80  per  cent. 
of  mercury,  and  12  of  chromic  acid.  Chromate  of  potassa  added  to  solu- 
tion of  pernitrate  of  mercury  or  of  corrosive  sublimate  gives  a precipitate 
of  the  same  color  as  the  preceding,  and  the  liquor  holds  bichromate  of 
potassa  in  solution.  (Gmelin.) 

Y ANADIATES  OF  Mercury.  Yanadiatc  of  ammonia  forms  yelloAv  pre- 
cipitates in  the  nitrates  of  both  of  the  oxides  of  mercury.  (Berzelius.) 

Tungstates  of  Mercury.  Tungstate  of  soda  gives  a yelloAv  precipi- 
tate in  solution  of  nitrate  of  suboxide  of  mercury,  containing  about  (>7 
percent,  of  oxide  and  37  of  acid,  and  being  therefore  Hg2  0,W0.3.  With 
solution  of  corrosive  sublimate  the  precipitate  is  AAdiite  and  insoluble  in 
water : it  contains  about  57  per  cent,  of  oxide  of  mercury,  and  43  of 
tungstic  acid,  and  is  3Hg0,2W03:  if  pernitrate  of  mercury,  as  neutral 
as  possible,  be  precipitated  by  tungstate  of  soda,  the  Avhite  insoluble 
poAvder  which  falls  contains  38  per  cent,  of  oxide  and  62  of  acid,  and  is 
2Hg0,3W03.  (Anthon,  Buchners  Repertoriuni^  Lxxvi.  349.) 

Alloys  of  Mercury.  Amalgams.  Mercury  combines  Avith  most  of 
the  other  metals,  and  forms  a class  of  compounds  generally  called  amal- 
gams. Many  of  these  are  definite  and  crystal lizable  compounds,  and  may 
be  separated,  by  gentle  pressure,  from  the  mercury  in  Avhich  such  definite 
compound  is  suspended  or  dissolved.  They  are  generally  brittle  or  soft. 
The  extraordinary  phenomena  connected  Avith  the  amalgam  of  ammonium.^ 
and  the  probable  nature  of  that  substance,  have  already  been  discussed. 
(See  page  358.)  1 part  of  potassium  Avith  70  of  mercury  produce  a hard 

brittle  compound.  If  mercury  be  added  to  the  liquid  alloy  of  potassium 
and  sodium.)  an  instant  solidification  ensues,  and  heat  enough  to  inflame 
the  latter  metals  is  evolved.  Iron  and  mercury  may  be  combined  by 
triturating  together  clean  iron  filings  and  zinc-amalgam,  and  adding  a 
solution  of  perchloride  of  iron  : by  rubbing  and  heating  this  mixture,  the 
iron  and  mercury  form  a bright  amalgam.  (Arthur  Aikin.)  Under 
common  circumstances,  iron  resists  the  action  of  mercury  so  perfectly, 
that  the  latter  metal  is  usually  kept  in  iron  bottles;  and  mercurial  troughs 
and  barometer  cisterns  are  made  of  the  same  metal.  The  use  of  an 
amalgam  of  zinc  has  already  been  adverted  to  for  the  excitation  of  elec- 
trical  machines.  8 parts  of  mercury  and  1 of  zinc  form  a Avhite  brittle 
compound:  5 of  mercury  and  2 of  zinc  form  a crystallizable  amalgam. 
Amalgam  of  tin  is  easily  formed  bj'’  triturating  the  metals  together,  or 
by  fusion  at  a gentle  heat : its  density  exceeds  the  mean  of  its  compo- 
nents: it  is  largely  used  for  silvering  looking-glasses.  Ihis  beautiful  process 
is  performed  as  follows  : — A single  and  perfect  sheet  of  tinfoil,  of  proper 
thickness,  and  someAvhat  larger  than  the  plate  of  glass,  is  spread  upon  a 
perfectly  plane  table  of  slate  or  stone:  mercury  is  then  poured  upon  it, 
and  rubbed  upon  its  surface  by  a hare  s foot,  or  a ball  of  flannel  or  cotton, 
so  as  to  form  a clean  and  bright  amalgam;  upon  this,  excess  of  ineicury  is 
poured,  till  the  metal  has  a tendency  to  run  off:  the  plate  of  glass,  previously 
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made  quite  clean,  is  then  brought  horizontally  towards  the  table,  and  its 
edge  so  adjusted,  as  by  gradually  and  steadily  sliding  it  forAvard,  to  disj^lace 
some  of  the  excess  of  mercury,  and  float  the  plate  as  it  were  OA^er  the  amal- 
gam, the  dross  upon  its  surface  being  pushed  oiiAAau'ds  by  the  edge  of  the 
glass,  so  that  the  mercury  appears  beneath  it  AAuth  a perfectly  uniform, 
clean,  and  brilliant  reflecting  surface : a number  of  square  iron  AAxnghts, 
of  10  or  12  lbs.  each,  are  uoaa'  placed  side  by  side  upon  the  surface  of  the 
plate,  so  as  entirely  to  coA'er  it,  and  press  it  doAA'ii  upon  the  amalgamated 
surface  of  the  tin ; in  this  AAmy  the  excess  of  mercury  is  partly  squeezed 
out,  and  the  amalgam  is  made  to  adhere  firmly  to  the  glass.  The  mer- 
cury, as  it  runs  off,  is  received  into  a channel  on  the  side  of  the  table, 
Avhich  is  slightly  inclined  to  facilitate  the  drainage,  and  in  about  48  hours 
the  Aveights  are  taken  off  and  the  plate  is  carefully  lifted  from  the  table 
and  set  nearly  upright,  by  AAdiich  the  adhering  mercury  gradually  drains 
off,  and  the  solid  crystalline  amalgam  remains,  perfectly  and  uniformly 
adhering  to  the  glass.  Cadm'mm  and  mercury  unite  Avith  great  ease,  and 
the  amalgam  crystallizes  in  octohedra,  Avhen  composed  of  100  mercury  -f- 
28  cadmium  (an  atom  of  each  metal);  it  fuses  at  167°.  (Stromeyer.) 
The  amalgam  of  cobalt  Avas  obtained  by  Bottger  as  the  result  of  the  action 
of  sodium  amalgam  upon  a saturated  solution  of  chloride  of  cobalt;  it  AAns 
less  fluid  than  mercury,  and  admitted  of  the  expulsion  of  a portion  of  the 
latter  metal  by  heat.  Damour  procured  this  amalgam  of  cobalt  by  the 
action  of  an  amalgam  of  1 part  of  zinc  and  6 of  mercury  upon  chloride 
of  cobalt  supersaturated  by  ammonia ; he  abstracted  the  excess  of  zinc  by 
boiling  dilute  sulphuric  acid,  Avhich  does  not  act  upon  the  cobalt  amalgam : 
the  mercury  may  be  driven  off  by  heat,  and  the  cobalt  remains  in  the  form 
of  a grey  magnetic  residue.  {Journ.  Prakt.  Chem,^  xvii.  346.)  Amalgam 
of  nickel  is  obtained  by  processes  similar  to  those  applied  to  cobalt;  it  is 
solid,  magnetic,  and  by  exposure  to  air  the  nickel  gradually  oxidizes  so  as 
to  leave  fluid  mercury.  (Damour.)  Amalgam  of  copper  may  be  made 
as  folloAYS : — To  a hot  solution  of  sulphate  of  copper  add  a little  hydro- 
chloric acid  and  a fcAV  sticks  of  zinc,  and  boil  the  mixture  for  about  a 
minute;  by  this  means  the  copper  Avill  be  precipitated  in  a metallic  state, 
and  in  a finely-divided  spongy  form:  take  out  the  zinc,  pour  off  the 
liquor,  Avasli  the  copper  Avith  hot  Avater,  and  pour  upon  it  a little  dilute 
nitrate  of  mercury,  Avhicli  Avill  instantly  cover  every  particle  of  copper 
Avith  a coating  of  mercury : then  add  mercury  to  the  amount  of  tAvo  or 
three  times  the  Aveight  of  the  copper,  and  a slight  trituration  Avill  combine 
them  so  far  that  the  completion  of  the  process  may  be  effected  by  heating 
the  mixture  for  a feAv  minutes  in  a crucible.  (Aikin’s  Dictionarp^  Art. 
Mercury.)  Lead  and  mercury  readily  combine  in  all  proportions  : 3 
parts  of  mercury  and  2 of  lead  form  a crystallizable  amalgam.  Aniimonx) 
amalgamates  difficultl}^,  and  forms  a granular  compound.  Bismnth  and 
mercury  readily  unite:  2 parts  of  mercury  poured  into  1 of  melted  bis- 
muth form  a compound  Avhich  sloAvly  solidifies  and  crystallizes.  When 
mercury  is  combined  Avith  a little  bismuth,  lead  may  be  added  Avithout 
greatly  interfering  Avitli  the  fluidity  of  the  compound.  Dr.  Thomson 
states  that  Beecher  Avas  the  first  Avho  observed  the  remarkable  fluidity  of  a 
mixture  of  3 parts  of  mercury,  1 of  lead,  and  1 of  bismuth,  and  that  it  may 
be  squeezed  through  leather  Avithout  decomposition : it  is  used  for  silver- 
ing the  inside  of  hollow  glass  spheres,  Avhich  are  previously  made  perfectly 
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clean  and  warm.  'When  mercury  is  adulterated,  it  is  witli  these  metals; 
hut  the  facility  with  which  it  then  oxidizes,  and  the  imperfect  fluidity  of 
its  small  globules,  render  the  fraud  easy  of  detection.  The  action  of 
mercury  on  the  other  metals  which  have  been  descril)ed  has  not  been 
examined,  with  the  exception  of  that  on  tellurium  and  arsenic.  With 
tellurium,  it  forms  a granular  compound:  with  arsenic,  a grey  amalgam  of 
5 parts  of  mercury  and  1 of  arsenic:  the  metals  require  to  he  stirred  to- 
gether for  some  hours  over  the  fire,  Dumas  suggests  the  examination  of 
the  action  of  arsenuretted  hydrogen  on  the  chlorides  of  mercury. 

Characters  of  the  Salts  of  Mercury.  The  soluble  salts  of  the 
suhoxidc  are  mostly  white,  and  of  a metallic  and  nauseous  taste:  some  of 
them,  when  neutral,  are  resolved  by  water  into  basic  and  acid  salts  : with 
phosphorous  and  sulphurous  acids,  and  protochloride  of  tin,  they  give 
precipitates  of  metallic  mercury : the  caustic  alkalis  throw  down  a 
black  powder;  the  carbonated  alkalis,  yellow  or  brown;  the  alkaline 
phosphates,  white,  even  in  very  dilute  solutions;  sulphuretted  hydrogen 
and  the  hydrosulphurets,  black ; hydriodic  acid  and  the  iodides,  dingy 
green  or  yellow;  hydrochloric  acid  and  the  chlorides,  white  and  curdy; 
the  alkaline  chromates,  red ; ferrocyanide  of  potassium,  white ; the  oxa- 
lates, white,  even  when  very  dilute ; tincture  of  galls,  brownish-yellow. 
The  soluble  salts  of  the  red  or  peroxide  of  mercury  are  mostly  white 
when  neutral,  yellow  when  basic;  they  are  poisonous,  and  nauseously 
metallic  to  the  taste,  and  are  often  resolved  by  water  into  acid  and  basic 
salts : ammonia  and  carbonate  of  ammonia  produce  white  precipitates 
in  their  solutions  : iodide  of  potassium  a red,  and  infusion  of  galls,  an 
orange  precipitate.  Unless  in  concentrated  solution  they  are  not  af- 
fected by  hydrochloric  or  oxalic  acids.  Metallic  mercury  is  precipitated 
from  all  its  solutions  by  a plate  of  clean  copper.  The  presence  of  organic 
substances  interferes  considerably  with  the  appearances  produced  by  some 
of  the  above  tests ; hence,  in  cases  of  poisoning  by  corrosive  sublimate, 
peculiar  precautions  are  sometimes  required,  and  in  all  cases  the  preci- 
pitate should  be  collected  and  heated  in  a tube  with  a little  white  flux,  or 
some  such  reducing  agent,  so  as  to  separate  metallic  mercury,  the  micro- 
scopic globules  of  which  are  easily  sublimed  and  discerned.  (See  Chris- 
tison  on  Poisons ; Taylor’s  Medical  Jurisprudence ; and  Rose’s  Analp- 
iical  Chemistry d)  The  insoluble  mercurial  salts  are  mostly  volatilized  at 
a red-heat,  and  they  are  all  decomposed,  with  the  production  of  metallic 
mercury,  when  mixed  with  a little  carbonaceous  matter,  and  heated  in  a 
glass  tube.  It  appears  from  the  experiments  of  Mialhe,  (^Ann.  Ch.  et  Ph.^ 
3 Ser.  V.  109,)  that  all  the  mercurial  preparations  used  in  medicine  are,  to 
a greater  or  less  extent,  convertible  into  corrosive  sublimate  under  the 
influence  of  the  chlorides  of  the  alkaline  bases,  and  he  refers  the  medical 
effects  of  mercurials  to  the  formation  of  corrosive  sublimate  in  consequence 
of  the  presence  of  common  salt  in  the  blood  and  secretions. 


§ XXXI.  SILVER.  Ag.  108. 

This  metal,  the  Jaiiici  or  Diana  of  the  alchemists  ( J)  ),  yus  Lnovn  at 
a very  remote  period;  it  is  mentioned  in  the  book  of  Job:  it  is  found 
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native^  and  in  a variety  of  combinations;  the  most  common  of  which  is 
the  sulphiiret. 

Native  Silver  has  the  general  characters  of  the  pure  metal.  It  occurs 
in  masses;  arborescent;  capillary;  and,  sometimes,  crystallized  in  cubes 
and  octohedra.  It  is  seldom  pure,  but  contains  small  portions  of  other 
metals,  which  affect  its  color  and  ductility.  It  is  chiefly  found  in  primi- 
tive countries.  In  Peru  and  Mexico  are  the  richest  known  mines  of 
native  silver.  The  mines  of  Saxony,  Bohemia,  and  Swabia,  and  those  of 
Kongsberg  in  Norway,  are  the  richest  in  Europe.  It  has  been  found  in 
Cornwall  and  Devonshire. 

Pure  Silver  may  be  procured  by  dissolving  the  standard  silver  of 
commerce  in  pure  nitric  acid,  diluted  with  an  equal  measure  of  water. 
Immerse  a plate  of  clean  copper  into  the  solution,  which  soon  occasions 
a precipitate  of  metallic  silver;  collect  it  upon  a filter;  wash  it  with  solu- 
tion of  ammonia,  and  then  with  water,  and  fuse  it  into  a button. 

It  may  also  be  procured  by  adding  to  the  above  solution  of  standard 
silver,  a solution  of  common  salt;  collect,  wash,  and  dry  the  precipitate, 
and  gradually  add  it  to  twice  its  weight  of  fused  carbonate  of  potassa  in 
a red-hot  crucible.  Metallic  silver  is  separated,  and  may  be  fused  into  a 
button. 

Silver  is  of  a more  pure  white  than  any  other  metal ; it  has  consider- 
able brilliancy,  and  takes  a high  polish.  Its  specific  gravity  varies  between 
10*4,  which  is  the  density  of  cast  silver,  and  10’5  to  10*6,  which  is  the 
density  of  rolled  or  stamped  silver.  The  specific  heat  of  pure  silver  is 
0*05701.  (Regnault.)  It  is  so  malleable  and  ductile,  that  it  may  be 
extended  into  leaves  not  exceeding  a ten-thousandth  of  an  inch  in  thick- 
ness, and  drawn  into  wire  infinitely  finer  than  a human  hair.  Silver 
melts  at  a bright  red-heat,  estimated  by  Daniell  at  1873°  of  Fahrenheit’s 
scale,  and  when  in  fusion  appears  extremely  brilliant.  It  resists  the 
action  of  air  at  high  temperatures  for  a long  time,  and  does  not  oxidize ; 
the  tarnish  of  silver  is  occasioned  by  sulphuretted  hydrogen;  it  takes 
place  very  slowly  upon  the  pure  metal,  but  more  rapidly  upon  the  alloy 
with  copper  used  for  plate,  and  was  found  by  Proust  to  be  sulphuret  of 
silver.  Pure  water  has  no  effect  upon  the  metal;  but  if  the  water  con- 
tain vegetable  or  animal  matter,  it  often  slightly  blackens  its  surface, 
generally  in  consequence  of  the  presence  of  sulphur.  If  an  electric  dis- 
charge be  passed  through  fine  silver- wire,  it  burns  into  black  powder, 
which  is  probably  an  oxide  of  silver.  In  the  Voltaic  circle  it  burns  with 
a fine  green  light,  and  throws  off  abundant  fumes.  Exposed  to  an  intense 
white-heat  in  the  open  fire,  it  boils  and  evaporates,  but  in  close  vessels  it 
is  not  sensibly  volatile.  If  suddenly  cooled,  it  cr3^stallizes  during  conge- 
lation, often  shooting  out  like  a cauliflower,  and  spirting  or  throwing 
small  particles  of  the  metal  out  of  the  crucible.  This  arises,  according 
to  Lucas,  from  the  sudden  escape  of  oxygen,  which  the  metal  absorbs  and 
retains  whilst  fluid,  but  suddenly  gives  it  off  when  it  solidifies:  this  pro- 
perty of  absorbing  oxygen  is  prevented  by  the  presence  of  a quantity  of 
copper,  not  exceeding  5 per  cent.  When  nitre  is  thrown  upon  melted 
silver  in  a crucible,  and  the  whole  retained  for  about  half  an  hour  in 
fusion,  it  absorbs  20  times  its  volume  of  oxygen,  which  is  given  out  on 
plunging  the  fused  metal  under  a bell  jar  filled  with  water. 

The  analyses  of  the  compounds  of  silver  furnish  data  from  which  its 
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equivalent  may  be  estimated  at  108,  (108  Gmelin,  Phillips,  and  Turner: 
108*3  Graham:  110  Thomson.) 

Reduction  of  Silver  Ores.  Silver  is  not  unfrequently  obtained 
in  considerable  quantities  from  argentiferous  sulphurel  of  lead^  ubich  is 
reduced  in  tlie  usual  way,  and  the  argentiferous  lead  is  then  fused  in  a 
shallow  disli,  placed  in  a reverberatory  furnace,  with  a current  of  air 
constantly  passing  over  its  surface;  in  this  way  the  lead  is  converted  into 
litharge,  and  the  silver,  not  being  thus  oxidized,  is  left  in  the  metallic 
state ; it  is  fused  in  a porous  crucible,  called  a cupel  or  test,  by  which  the 
remaining  lead  is  entirely  separated,  and  a button  of  pure  silver  remains. 
The  litharge  which  results  from  this  operation  is  afterwards  itself  reduced 
by  charcoal,  and  furnishes  lead  which  is  almost  free  from  silver,  the  ordi- 
nary lead  of  commerce  generally  containing  a trace  of  the  latter  metal, 
and  being  consequently  unfit  for  certain  purposes  of  the  arts,  especially 
for  the  manufacture  of  white-lead  (p.  865).  Some  of  the  silver  ores, 
especially  the  siilphurets,  are  reduced  by  amalgamation.  The  ore,  when 
washed  and  ground,  is  mixed  with  a portion  of  common  salt  and  roasted: 
during  this  operation  sulphate  of  soda  and  chloride  of  silver  are  formed: 
the  product  is  then  powdered,  and  agitated  with  mercury,  water,  and 
filings  or  fragments  of  iron;  in  this  operation  the  chloride  of  silver  is 
decomposed,  chloride  of  iron  is  formed  which  is  Avashed  away,  and  the 
silver  and  mercury  combine  into  an  amalgam,  from  Avhich  the  excess  of 
mercury  is  first  squeezed  out  in  leather  bags,  and  the  remainder  driven 
off  by  distillation.  The  old  process  of  eliquation  is  now  scarcely  used : it 
consisted  in  fusing  alloys  of  copper  and  silver  Avith  lead;  this  triple  alloy 
Avas  cast  into  round  masses,  AAdiich  Avere  set  in  a proper  furnace  upon  an 
inclined  plane  of  iron  AAuth  a small  channel  grooved  out,  and  heated 
red-hot,  during  Avhich  the  lead  melted  out,  and  in  consequence  of  its 
attraction  for  silver,  carried  that  metal  AAuth  it,  the  copper  being  left  be- 
hind in  a reddish-black  spongy  mass.  (Aikin’s  Dictionary,  Art.  Silver.) 

The  separation  of  silver  from  lead  is  in  many  instances  facilitated  by 
the  process  of  crystallization.  It  Avould  appear  that  Avhere  the  quantity 
of  silver  is  comparatively  small,  it  is  not  simply  diffused  through  the  mass 
of  lead,  but  combined  so  as  to  form  a definite  or  atomic  alloy,  Avhich  is 
as  it  AA^ere  merely  mixed  Avith  the  excess  of  lead.  This  alloy  is  more 
fusible  than  pure  lead,  so  that  Avlien  a large  quantity  of  fused  lead  holding 
a relatively  small  proportion  of  silver,  sloAvly  cools,  the  portion  AAdiich  first 
solidifies  is  pure  lead,  and  from  this  the  liquid  and  argentiferous  portion 
may  be  poured  off : this  is  again  fused,  and  the  same  process  repeated,  so 
that  at  last  the  AAdiole  of  the  silver  accumulates  in  AAdiat  may  be  termed 
the  mother-liquor,  and  this  yields  an  alloy  rich  in  silver,  Avhich  is  ulti- 
mately subjected  to  cupellation. 

Oxides  op  Sila^'Er.  There  are  three  oxides  of  this  metal,  a suboxide 
Ag2  0,  a protoxide  AgO,  and  a binoxide  Ag02;  of  these,  tlie  protoxide 
only  forms  permanent  and  definite  saline  combinations. 

Suboxide  of  Silver.  Ag2  O.  This  oxide  Avas  first  obtained  by 
Faraday,  by  exposing  an  ammoniacal  solution  of  the  protoxide  to  the 
action  of  air;  it  separates  in  the  form  of  a brilliant  grey  film,  {duarterhj 
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Journal^  v.  368.)  Wohler  obtained  it  by  the  aetion  of  hydrogen  on 
citrate  of  silver  at  the  temperature  of  212°;  the  protoxide  contained  in 
that  salt  loses  under  such  circumstances  half  of  its  oxygen,  and  the  sub- 
oxide  remains  combined  with  half  of  the  acid.  [Annalen  der  Pharm.^ 
XXX.  1.)  “The  solution  in  water  of  the  suboxide  salt  is  dark-broAvn, 
and  the  suboxide  is  precipitated  black  from  it  by  potash;  when  the  solu- 
tion of  the  subsalt  is  heated  it  becomes  colorless,  and  metallic  silver 
appears  in  it;  the  salt  dissolves  of  a brown  color  in  ammonia.  Several 
other  salts  of  silver,  containing  organic  acids,  comport  themselves  in  the 
same  way  as  the  citrate  when  heated  in  hydrogen.’'  (Graham.) 

Protoxide  of  Silver.  AgO,  may  be  obtained  by  adding  lime  or 
baryta-water,  or  dilute  solution  of  pure  potassa,  to  the  solution  of  nitrate 
of  silver,  and  washing  the  precipitate.  It  may  also  be  formed  by  boiling 
the  moist  recently  prepared  chloride  with  solution  of  caustic  potassa  of 
the  sp.  gr.  of  about  1*3:  when  the  decomposition  is  effected,  the  resulting 
oxide  is  entirely  soluble  in  dilute  nitric  acid.  Its  specific  gravity  is 
about  7'2.  It  is  of  a very  dark  olive  color,  anhydrous,  tasteless,  but 
soluble  to  a small  extent  in  pure  water  free  from  saline  matter,  and,  like 
oxide  of  lead,  has  when  in  solution  an  alkaline  reaction:  this  solution  is 
reddened  by  exposure  to  light ; and  is  rendered  turbid  by  a little  carbonic 
acid,  but  again  becomes  clear  with  excess.  When  heated  to  dull  redness 
it  is  reduced  to  the  metallic  state;  long  exposure  to  light  also  reduces  it, 
converting  it  into  a black  powder,  which  is  either  silver  or  its  suboxide. 
It  is  reducible  by  hydrogen  at  a temperature  of  about  212°;  and  also  by 
liypophosphorous,  phosphorous,  and  sulphurous  acids : (imperfectly  by  the 
latter,  into  sulphate,  and  metal.)  (Vogel.)  When  moistened  Avith 
water  it  is  reduced  by  zinc,  cadmium,  tin,  and  copper,  but  not  by  iron  or 
mercury.  (Fischer,  Poggend.^  x.  605.)  It  confers  a yellow  color  upon 
glass,  and  is  employed  in  enamel  and  porcelain  painting.  It  consists  of 


Gay  Lussac 

Berzelius,  Davy.  and  Thenard. 

Silver  1 ....  108  ....  93-103  ....  93-112  ....  93-1  ....  92-937 

Oxygen 1 ....  8 ....  6-897  ....  6-888  ....  6-9  ....  7*063 


Protoxide  of  silver  1 116  100-000  100-000  lOO'O  lOO'OOO 

Peroxide  of  Silver.  Ag02.  Ritter,  by  electrizing  a weak  solution 
of  silver,  observed  the  deposition  of  acicular  crystals  at  the  positive  pole, 
which,  according  to  Grotthuss,  dissolve  in  nitric  acid  without  decomposi- 
tion, and  are  a peroxide  of  silver.  Ammonia  energetically  decomposes 
this  compound,  and  sulphuric  and  phosphoric  acids  convert  it  into  the 
protoxide.  i^Gehleiis  Joarn.^  iii.)  When  mixed  with  phosphorus  or 
sulphur,  and  struck  with  a hammer,  it  detonates.  (According  to  Fischer 
and  Gmelin,  [Handlnieh^  iii.  602,)  the  crystals  obtained  by  the  electro- 
lysis of  a solution  of  nitrate  of  silver,  after  having  been  carefully  washed 
and  dried,  yield  when  heated,  fumes  of  nitrous  acid,  and  cold  water- 
abstracts  nitrate  of  silver  from  the  residue : Gmelin  suspects  them  to  be 
a nitrate  of  the  peroxide.) 


Ammoniuret  of  Silver.  Argentate  of  Ammonia.  Oxide  of  silver 
readily  dissolves  in  solution  of  ammonia,  forming  a colorless  liquor,  which, 
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as  above  stated,  becomes  coated  Avitli  a blm  of  siiboxide  l)y  exposure  to 
air,  and  wlien  kept  for  some  months  in  a stopped  l)ottIe,  acquires  a film 
of  metallic  silver.  When  oxide  of  silver  recently  precipitated  from  the 
nitrate  by  lime  vater,  and  deprived  of  adhering  moisture  by  bi])ulous 
paper,  is  acted  upon  ])y  very  strong  aqueous  solution  of  ammonia,  it  is 
converted  mto  BerlhoUet’sfidminal'uig  silver.  (Crell’s  Jniials,  17dd.)  The 
best  process  for  preparing  it  is  to  pour  a small  quantity  of  strong  aqueous 
ammonia  upon  the  oxide;  a portion  is  dissolved,  and  a black  powder 
remains,  which  is  the  detonating  compound.  It  is  also  formed  by  adding 
pieces  of  ])ure  caustic  potassa  to  a solution  of  chloride  of  silver  in  strong 
aqueous  ammonia,  as  long  as  efl'ervescence  ensues:  the  black  turbid 
liquor  is  poured  upon  a filter,  on  which  the  fulminating  silver  is  collected, 
and  Avhilst  moist  should  be  carefully  divided  into  small  portions  on  filter- 
ing  paper,  and  allowed  to  dry.  This  compound  explodes  with  tremendous 
violence  v/hen  gently  rubbed  or  heated;  nitrogen  and  water  are  instan- 
taneously evolved,  and  the  silver  is  reduced.  The  oxide  of  silver  should 
be  perfectly  pure  and  thoroughly  edulcorated,  and  the  ammonia  quite  free 
from  carbonic  acid,  and  it  should  only  be  prepared  in  small  quantities,  and 
handled  with  the  greatest  caution,  for  it  occasionally  explodes  even  while 
still  wet.  It  is  soluble  in  ammonia,  and  this  solution  sometimes  deposits 
it  in  small  brilliant  opaque  crystals.  It  is  immediately  decomposed  by 
hydrochloric  acid,  which  forms  chloride  of  silver  and  sal-ammoniac ; and 
by  sulphuretted  hydrogen,  which  forms  sulplmret  of  silver  and  hydrosul- 
phuret  of  ammonia;  wdth  sulphuric  acid,  it  affords  sulphate  of  silver,  and 
of  ammonia,  but  nitrogen  is  also  evolved.  There  is  some  doubt  re- 
specting the  real  nature  of  this  fulminating  compound,  and  it  appears 
not  improbable  that  it  may  be  a nitruret  or  nitride  of  silver,  = Ag3  VL  It 
is  by  some  regarded  as  an  amide. 

Chloride  of  Silver.  AgCl.  When  silver  leaf  is  acted  upon  by 
gaseous  chlorine  it  is  gradually  converted  into  this  compound,  and  if 
sufficiently  thin,  a leaf  of  chloride  of  silver  is  obtained;  otherwise  the 
action  is  superficial,  and  the  metal  beneath  is  protected  by  the  exterior 
film  of  chloride.  When  dry  hydrochloric  acid  gas  is  passed  over  red- 
hot  silver,  chloride  of  silver  is  formed,  and  hydrogen  liberated;  and  on 
the  other  hand,  when  hydrogen  is  passed  over  red-hot  chloride  of  silver, 
hydrochloric  acid  is  formed,  and  the  silver  reduced  to  the  metallic  state. 
(Boussingault,  Ann.  Ch.  et  Liv.  260.)  This  apparently  anomalous 
action  is  probably  analogous  to  the  cases  formerly  adverted  to,  of  the 
decomposition  of  steam  bv  iron,  and  of  oxide  of  iron  by  hydrogen, 
(p.  138.) 

Chloride  of  silver  is  usually  p)rocured  by  adding  a solution  of  chlorine, 
of  hydrochloric  acid,  or  of  common  salt,  to  a solution  of  nitrate  of  silver, 
or,  indeed,  to  any  of  the  soluble  salts  of  silver,  with  the  exception  of  the 
hyposulphite.  It  falls  in  the  form  of  a curdy  precipitate,  of  a white 
color,  but  which,  by  exposure  to  light,  becomes  violet-colored,  broAvn,  and 
ultimately  black  (in  consequence  of  the  formation  in  the  first  instance  of 
a snhcMoride  of  silver?)  This  happens  even  in  diffused  daylight,  but  in 
sunshine  the  change  is  extremely  rapid,  more  especially  if  an}  tiace  of 
organic  matter  be  present.  This  property  of  the  chloride  has  led  to  its 
Yol.  II.  3 U 
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application  for  purposes  of  photogenic  drawing.  (See  Nitrate  of  Silver,) 
AVhen  a small  quantity  of  subcliloride  of  mercury  is  precipitated  along 
with  the  chloride  of  silver,  the  blackening  effect  of  light  is  greatly 
diminished.  Chloride  of  silver  is  perfectly  insoluble  in  water;  so 
that  the  minutest  portion  of  hydrochloric  acid,  or  of  any  chloride  in 
aqueous  solution,  may  he  detected  by  adding  to  the  liquid  a drop  or  two 
of  nitrate  of  silver;  it  becomes  opalescent,  and  grey  or  brown  by  ex- 
posure to  light.  It  is  sparingly  dissolved  by  concentrated  hydrochloric 
acid,  and  thrown  down  upon  dilution:  when  the  hydrochloric  solution  is 
carefully  evaporated,  the  chloride  is  deposited  in  the  form  of  octohedral 
crystals : even  diluted  hydrochloric  acid  will  dissolve  a little  chloride  of 
silver:  a solution  of  1 part  of  nitrate  of  silver  in  15,000  of  water  becomes 
slightly  milky  with  a little  hydrochloric  acid,  but  when  more  is  added, 
it  again  becomes  transparent:  sulphuretted  hydrogen  however  discolors 
this  transparent  solution.  (Reinsch,  Journ.  prakt.  Chem.,^  xiii.  133.)  It 
is  insoluble  in  nitric  acid,  and  in  cold  sulphuric  acid,  but  when  boiled  in 
sulphuric  acid,  it  is  very  slowly  decomposed  with  the  evolution  of  hydro- 
chloric acid,  and  formation  of  sulphate  of  silver:  a trace  of  the  chloride  is 
also  retained  in  solution  by  boiling  sulphuric  acid,  but  falls  on  cooling. 
(Vogel.)  When  dry  chloride  of  silver  is  heated  to  dull  redness  in  a 
silver  crucible,  it  does  not  lose  weight,  but  fuses,  and,  on  cooling,  con- 
cretes into  a grey  semitransparent  substance,  (sp.  gr.  5*45,)  which  has 
been  called  horn  silver  or  lima  cornea.  Its  melting  point  is  500°.  (Gme- 
LIN.)  If  slowly  cooled,  Proust  has  remarked  that  it  has  a tendency  to 
octohedral  crystallization.  Heated  to  a bright  red  or  white-heat  in  an 
open  vessel,  it  volatilizes  in  dense  white  fumes.  Scheele  was  the  first 
who  examined  the  cause  of  the  blackening  effect  of  light  upon  this  chlo- 
ride, and  the  curious  results  of  his  researches  have  already  been  referred 
to  (p.  102).  He  found  that  the  metal  was  partially  reduced,  and  hydro- 
chloric acid  formed;  hence  moisture  is  necessarily  present.  Seebeck 
found  that  white  chloride  of  silver  might  be  exposed,  without  change  of 
color,  when  covered  in  a stopped  phial,  with  sulphuric  acid ; but  if  the 
phial  was  open,  the  blackening  ensued ; as  it  did  also  when  water  was 
added.  "When  light  is  carefully  excluded,  it  appears  that  perfectly  pure 
hydrogen  does  not  discolor  this  chloride. 

If  fused  with  twice  its  weight  of  potassa  or  soda,  chloride  of  silver  is 
decomposed,  and  a globule  of  metallic  silver  is  obtained.  This  reduction 
is  best  effected  by  projecting  the  dry  chloride  upon  twice  its  weight  of 
fused  carbonate  of  potassa,  or  upon  the  fused  mixture  of  the  carbonates 
of  potassa  and  soda.  Moist  chloride  of  silver  is  also  decomposed  when 
triturated  with,  and  then  boiled  in  a strong  solution  of  caustic  potash, 
(sp.  gr.  1*25  to  1*3.)  Dr.  Gregory,  as  has  been  above  stated,  recommends 
this  as  a good  mode  of  obtaining  oxide  of  silver,  which,  when  the  decom- 
position is  complete,  remains  as  a heavy  black  powder.  {Proc.  Cliem. 
Soc.^  Jan.  1843.) 

When  carbonic  oxide  is  passed  over  red-hot  chloride  of  silver,  chloro- 
carbonic  acid  is  formed,  and  the  silver  reduced.  AgCl -{-CO=:Ag -}- CO, 
Cl.  Heated  with  phosphorus  it  is  imperfectly  reduced,  and  chloride  of 
phosphorus  is  formed  : gently  heated  in  a stream  of  phosphuretted  hydro- 
gen,  hydrochloric  acid,  phosphorus,  and  silver,  are  the  results.  It  is  also 
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decoinposGcl,  when  moist,  hy  zinc,  tin,  lead,  iron,  copper,  mercury,  and  some 
other  metals,  especially  if  aided  by  heat  and  hy  a little  hydrocldoric  acid. 
Triturated  with  line  zinc  filings  and  moistened,  the  heat  produced  is  so 
considerable  as  to  fuse  the  resulting  alloy  of  zinc  and  silver.  (Faraday, 
Quarterly  Journal  of  Science  and  Arls^  viii.  374.)  When  a lump  of 
chloride  of  silver  is  put  with  zinc  or  iron  filings  into  diluted  sulphuric 
acid,  the  reduced  silver  retains  the  original  form  of  the  chloride,  the 
evolved  hydrogen  therefore  appears  to  be  the  reducing  agent.  Chloride 
of  silver  is  not  reduced  vhen  heated  with  pure  carbon,  but  the  ordinary 
charcoals  decompose  it  in  consequence  of  their  containing  hydrogen.  Ac- 
cording to  Ricker,  chloride  of  silver  may  be  best  reduced  by  mixing  it 
with  about  its  weight  of  powdered  charcoal,  and  twice  its  weight  of  nitre, 
and  conveying  the  mixture  in  small  portions,  but  cjuickly  one  after 
another,  into  a suificicntl}^  large  red-hot  crucible,  afterwards  kept  for 
a quarter  of  an  hour  at  a red- heat,  when  the  metal  may  be  poured 
out.  “ The  easiest  and  cpaickest  mode  of  reducing  chloride  of  silver 
is  to  mix  it  with  one-third  its  weight  of  rosin  and  one-twelfth  of 
nitre ; heat  it  to  a cherry-red  in  a Ilessian  crucible  for  ten  minutes, 
then  c[uickly  raise  it  to  a white-heat  for  about  twenty  minutes,  when  it 
may  be  poured  out,  or  remain  till  cold  at  the  bottom  of  the  crucible.” 
(Deck.)  Chloride  of  silver  is  rapidly  reduced  when  boiled  in  a solu- 
tion of  caustic  potassa,  to  which  some  sugar  has  been  added  ; carbonic 
acid  is  evolved,  and  the  metallic  silver  separates  in  a pulverulent  form. 
(Levol.) 

Chloride  of  silver  is  very  soluble  in  ammonia,  a circumstance  by 
which  it  is  usefully  distinguished  from  some  other  chlorides,  which,  like 
it,  are  white,  and  formed  by  precipitation ; we  should  be  cautious  in 
applying  heat  to  the  ammoniacal  solution,  as  it  sometimes  forms  a preci- 
pitate of  fulminating  silver,  and  furnishes  crystals  which  are  explosive, 
and  which,  when  exposed  to  air,  or  put  into  water,  lose  their  transparency, 
evolve  ammonia,  and  crumble  into  chloride  of  silver.  The  fused  chloride, 
exposed  to  ammoniacal  gas,  absorbs  a considerable  portion,  which  is 
given  off  by  heat.  If  the  dry  chloride,  thus  saturated  with  ammonia,  be 
thrown  into  chlorine,  the  ammonia  spontaneously  inflames.  (Faraday, 
Journal  of  Science  and  Arts,  v.  75.)  Chloride  of  silver  is  soluble  in  and 
decomposed  by  all  the  liquid  hyposulphites : it  is  also  soluble  in  a solution 
of  sal-ammoniac,  and  of  the  chlorides  of  potassium  and  sodium,  and 
these  solutions  may  be  used  in  the  process  of  silvering  copper  or  other 
metals:  they  afford  double  chlorides  on  evaporation, •which  may  be 
obtained  crystallized,  but  which  have  not  been  examined  in  detail  : they 
are  decomposed  by  water. 

As  chloride  of  silver  is  insoluble  in  water,  and  very  readily  foimed,  it 
is  often  employed  in  quantitative  analysis,  as  a means  of  asceitaining  the 
proportion  of  chlorine  present  in  various  compounds.  In  ^ these  cases 
some  excess  of  the  precipitant  should  be  used,  and  the  precipitate  allov  ed 
to  subside  previous  to  separating  it  upon  the  filter:  if  the  supernatant 
liquor  become  perfectly  clear,  the  whole  of  the  silvei  has  fallen,  if  it 
remain  opalescent,  a portion  is  probably  still  retained.  A hen  the  pieci- 
pitate  remains  long  suspended,  its  deposition  may  be  acceleiated  by 
or  by  adding  a little  nitric  acid.  Tlie  chloride  in  these  cases  should  be 

perfectly  dried  in  a silver  crucible,  up  to  incipient  fusion. 

^ ^ 3 IT  2 
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Chloride  of  silver  consists  of 

Wenzel  and  Gay 
Bueliolz.  Rose.  Berzelius.  laissac. 

Silver  1 ....  108  ....  75  ....  75  ....  75*18  ....  75-33  ....  75-25 

Chlorine  ....  1 ....  3G  ....  25  ....  25  ....  24*82  ....  24-G7  ....  24*75 


iSIarcetand 
.).  Davy.  Turner. 
....  75-5  ....  75-3 
....  24*5  ....  24-7 


Chloride  of)  ^ 100-00  100-00  100*00  100-0  100-0 

Sliver  J 

Native  Chloride  of  Silver  has  been  found  in  most  of  the  silver-mines; 
it  occurs  massive  and  crystallized  in  small  cubes  and  octoliedra. 

Ammonio-chloride  OF  Silver.  3NIl3,2AgCl.  This  compound,  above 
mentioned  as  having  been  formed  by  Faraday,  has  been  more  specially 
examined  by  H.  Rose.  (Pog.  gend.,  XX.  157-)  He  finds  it  composed  of 


II.  Rose. 

Ammonia  3 ....  51  ....  15-04  ....  14-07 

Chloride  of  silver  2 ....  288  ....  84*0G  ....  85*03 


Ammonio-chloride  of  silver  1 339  100*00  100*00 

Chloride  OF  Ammonium  and  Silver.  NIl4C],AgCl.  This  com- 
pound was  obtained  by  Vogel  in  transparent  acicular  crystals  by  saturat- 
ing a boiling  solution  of  sal-ammoniac  with  chloride  of  silver. 

Chlorate  of  Silver.  AgO,C105,  Is  formed  by  digesting  oxide  of 
silver  in  chloric  acid : it  forms  small  rhombic  crystals,  -which,  by  the 
action  of  clilorine,  are  converted  into  chloride  of  silver.  They  are 
soluble  in  4 parts  of  water  at  60A  (Chenevix.  Vauquelin.)  In  5 of 
cold  water,  and  also  soluble  in  alcohol.  (Waechter.)  They  fuse  at 
446°,  and  at  518°  give  off  oxygen  and  a trace  of  clilorine : heated 
rapidly  they  explode,  and  when  mixed  with  combustibles,  detonate  vio- 
lently under  the  blow  of  a hammer.  Chlorate  of  silver  is  also  formed  by 
passing  chlorine  through  water  in  which  oxide  of  silver  is  suspended,  but 
is  aftenvards  decomposed,  chloride  of  silver  and  chloric  acid  (but  no 
percliloric  acid)  being  formed.  By  the  action  of  hyperchlorous  acid  on 
oxide  of  silver,  or  on  finely-divided  silver,  no  chloric  acid  is  formed,  but  a 
mixture  of  peroxide  and  chloride  of  silver.  By  dissolving  chlorate  of 
silver  in  ammonia,  prismatic  crystals  readily  soluble  in  water  and  am- 
monia, are  formed  on  evaporation,  — Ag0,C105,2NIl3.  They  melt  at  212°, 
giving  off  ammonia  and  leaving  chlorate  of  silver:  rapidly  heated,  they 
decompose  with  explosion  and  light : potassa  added  to  a solution  of  this 
salt,  throws  downs  Berthollet’s  fulminating  silver. 

Perchlorate  of  Silver.  AgO,C107,  is  obtained  in  the  form  of  a 
white  powder,  by  slowly  evaporating  the  solution  of  oxide  of  silver  in 
aqueous  perchloric  acid.  When  this  salt  is  fused,  it  concretes  into  a 
crystalline  mass  on  cooling,  -which  is  deliquescent  and  soluble  In  alcohol: 
it  deflagrates  when  heated  nearly  to  redness.  (Serullas,  Ann.  Ch.  et 
Ph.,  xxxvi.  307.) 

Iodide  of  Silver.  Agl.  When  silver  leaf  is  put  into  a bottle  con- 
taining a little  iodine  it  is  speedily  tarnished,  and  in  the  course  of  a few 
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clan's  convci  tecl  into  a film  of  iodide.  Iodide  of  silver  is  prceipltated  upon 
adding  hydiiodic  acid,  or  a soluble  iodide,  to  a solution  of  nitrate  of 
silver.  It  is  of  a dingy-yellowisli  color,  insoluble  in  water,  and  decom- 
posed Avlien  heated  Avith  potassa.  It  is  nearly  insoluble  in  ammonia. 
'When  fused  at  a dull  red-heat  it  acquires  a red  color.  It  volatilizes 
before  the  bloAvpipe,  leaving  a little  silver  only  behind.  It  is  discolored 
by  light.  Concentrated  nitric  and  sulphuric  acid  decompose  it.  It  dis- 
solves in  concentrated  solutions  of  the  alkaline  chlorides,  and  combines 
also  Avith  iodide  of  potassium  and  other  alkaline  and  earthy  iodides.  A 
thin  film  of  iodine  upon  a plate  of  silver  is  used  in  Daguerre’s  photogra- 
phic process,  the  plate  of  silvered  copper  intended  to  receive  the  image 
in  the  camera  being  prepared  by  exposing  it  in  a box  containing  iodine: 
the  light  seems  to  act  upon  this  film  rather  than  upon  an  iodide  of  silver. 
According  to  Ciaudet  the  sensibility  of  the  plates  to  the  influence  of  light 
is  greatly  enhanced  by  the  use  of  chloride  of  iodine,  instead  of  iodine 
only.  {Proc.  R.  S.j  June  10,  1841.)  The  effects  of  light  upon  paper 
erabued  Avith  iodide  of  silver  have  been  described  by  Talbot.  {Phil. 
Mag.  and  Jotrrn.,  xii.  258.  In  reference  to  the  use  of  iodine  and  iodic 
compounds  in  photogenic  draAving,  see  Sir  J.  Herschel,  Phil.  Trans.., 
1840:  also  IMr.  R.  Hunt’s  and  Mr.  Alfred  Taylor’s  Pamphlets : also 
the  preceding  section  on  the  chemical  effects  of  light,  poge  100.) 

Iodide  of  silver  consists  of 


Silver 1 ....  108  ....  46-15 

Iodine  1 ....  126  ....  53-85 


Iodide  of  silver  1 234  lOO'OO 


Native  Iodide  of  Silver  has  been  found  in  some  of  the  Mexican  ores, 
associated  Avith  natiAm  silver,  sulphuret  of  lead,  and  carbonate  of  lime:  it 
Avas  analyzed  by  treating  it  first  Avith  acetic  acid,  Avhich  abstracted  the 
carbonate  of  lime;  then  by  nitric  acid,  to  remove  the  native  silver  and 
leaAm  a mixture  of  sulphate  of  lead  AAuth  the  iodide  of  silver : the  latter 
is  decomposed  by  heating  it  a current  of  dry  chlorine;  chloride  of  iodine 
passes  off  and  chloride  of  silver  remains.  (Vauquelin,  Ann,  Ch.  et  Ph., 
xxix.  99.  Duimas.) 


Aaimonio-iodide  of  Silver.  2NII4  I,AgI,  is  a deliquescent  salt  ob- 
tained by  dissolving  iodide  of  silver  in  solution  of  iodide  of  ammonium. 

(POGGIALE.) 


Iodate  of  Sila^er.  AgO,I05,  is  precipitated  in  the  form  of  a Avhite^ 
poAvder  by  adding  iodic  acid  or  iodate  of  potassa  to  a solution  of  nitiate  of 
silver.  It  is  very  soluble  in  aqueous  ammonia,  and  is  deposited  from 
this  solution  in  small  rectangular  prisms,  AYhicli  retain  no  ammonia  , sul- 
phurous acid  added  to  this  animoniacal  solution,  throws  down  iodide  of 
silver,  and  becomes  sulphuric  acid.  (Hay  Lussac.)  Iodate  of  siLei  is 
difficultly  soluble  in  nitric  acid  : it  is  resolved  by  hydrochloric  ^cid  into 
chloride  of  silver,  terchloride  of  iodine,  water,  and  chlorine:  AgO,I05-{- 
GllClm  AgCl  + ICl3  -b  (5110  + 2C1.  (Gmelin,  llandbueh.  ILwwaiels- 
BERG,  XLiv.  572:  Benckiser,  Jcr  P/^U/-W.,  xvii.2do.)  It 

consists  of 
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Oxide  of  silver  ....  1 ....  IIG  . ..  41*13  ....  40*57 

Iodic  acid  1 ....  166  ....  58*87  ....  50*43 

lodate  of  silver....  1 282  100*00  100*000 

Periodate  of  Silver.  When  a solution  of  bibasic  periodate  of  soda  in 
dilute  nitric  acid  is  dropped  into  a solution  of  nitrate  of  silver,  a pale 
greenisb-yellow  precipitate  falls,  which,  when  dissolved  in  warm  dilute 
nitric  acid,  crystallizes  on  cooling  in  pale  yellow  hydrous  crystals  = AgO, 
107  + 3HO.  When  these  crystals  are  dissolved  in  warm  nitric  acid,  the 
solution  deposits  orange-colored  crystals  of  anhydrous  neutral  periodate 
=r:AgO,I07.  (Ammermuller  and  Magnus.  PoggencL^  xxviii,  516.) 

Bromide  of  Silver.  AgBr,  is  an  insoluble  yellowish  substance 
thrown  down  upon  the  addition  of  bromine,  or  hydrobromic  acid,  or  the 
soluble  bromides,  to  nitrate  of  silver : it  dissolves  in  strong  aqueous 
solution  of  ammonia,  (Balard,  Aim.  cle  Ch.  et  Fh.,  xxxii.  361):  it  is 
fusible,  and  concretes  on  cooling  into  a yellow  corneous  mass,  sp.  gr. 
6*3:  it  crystallizes  in  octohedra  from  its  hydrobromic  solution.  In  a moist 
state  it  acquires  a grey  tint  by  exposure  to  light : chlorine  converts  it 
into  chloride  of  silver : it  is  sparingly  soluble  in  solutions  of  bromide  of 
potassium  and  sodium,  and  more  abundantly  so  in  solution  of  sal- 
ammoniac  : it  consists  of 


Balard. 

Silver  1 ....  108  ....  58  ....  58*9 

Bromine  1 ....  78  ....  42  ....  41*1 


Bromide  of  silver  1 186  100  100*0 

Native  bromide  of  Silver^  has  been  found  in  Mexico  and  Chili,  and  at 
Huelgoeth  in  France : in  appearance  it  bears  resemblance  to  the  native 
chloride,  but  its  color  is  yellow-green,  and  it  is  in  small  cubic  crystals, 
(Berthier,  Ann.  Ch.  et  Ph.^  3 Ser.  ii.  417,  and  iv.  164.) 

Bromate  of  Silver.  AgO,Br05,  falls  in  the  form  of  a white  in- 
soluble poAvder  on  adding  aqueous  bromic  acid  or  bromide  of  potassium 
to  solution  of  nitrate  of  silver : it  becomes  grey  by  exposure  to  light : it 
is  soluble  in  ammonia,  but  not  in  nitric  acid.  (Pammelsberg,  Poggend., 
Lii.  94.) 

Fluoride  of  Silver  is  a soluble  compound,  Avhich  does  not  crystal- 
lize. When  heated  it  fuses;  and  at  a higher  temperature,  and  exposed 
to  air,  it  is  slowly  reduced.  (Berzelius,  Ann.  Ch.  et  Ph.^  xi.  121.) 

Nitrite  of  Silver.  This  salt  is  obtained  by  boiling  poAvdered  silver 
in  nitric  acid  already  saturated  Avith  silver:  or  nitrate  of  soda  may  be 
fused  till  converted  into  nitrite,  AAFen  it  precipitates  silver  broAvn;  if  this 
salt  be  then  dissolved  in  boiling  Avater,  precipitated  by  nitrate  of  silver, 
and  the  solution  filtered  while  hot,  nitrite  of  silver  separates  as  the  solu- 
tion cools;  it  requires  120  parts  of  A\mter  at  60°  for  its  solution.  (Proust. 
Nicholsons  Journal^  xv.  376.  Hess.  Poggend.^  xii.  261.) 
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Nitrate  of  Silver.  Ag0,N05.  Nitric  acid,  diluted  with  3 parts 
of  water,  readily  dissolves  silver,  with  the  disengagement  of  nitric  oxide 
gas.  If  the  acid  contain  the  least  portion  of  hydrochloric  acid,  the  solu- 
tion will  be  turbid,  and  deposit  a white  precipitate;  and  if  the  silver  con- 
tain copper,  it  Avill  have  a permanent  bluish  hue;  or  if  gold,  that  metal 
will  remain  undissolved  in  the  form  of  a black  powder. 

The  solution  of  nitrate  of  silver  should  be  perfectly  clear  and  color- 
less; it  is  caustic,  and  tinges  animal  substances  of  a deep  yellow,  which, 
by  exposure  to  light,  becomes  a deep  purple,  or  black  stain,  and  is  indel- 
ible, or  peels  off  with  the  cuticle : it  consists  of  reduced  silver.  Nitrate 
of  silver  may  be  obtained  in  white  anhydrous  crystals,  in  the  form  of  four 
and  six-sided  tables  or  thin  plates : by  slow  evaporation  it  forms  right 
rhombic  prisms.  (Brooke,  Ann.  of  Phil.^  2nd  Series,  vii.  162.)  Their 
specific  gravity  is  4-35.  They  have  a bitter  and  metallic  taste,  and  are 
soluble  in  about  their  own  weight  of  water  at  60°,  and  half  their  weight 
at  212°:  they  are  insoluble  in  nitric  acid,  and  this  acid  added  to  an 
aqueous  solution  of  nitrate  of  silver,  throws  down  a crystalline  precipitate 
of  the  salt.  Alcohol  also  dissolves  about  one-fourth  its  weight  of  this 
salt  at  its  boiling-point,  but  deposits  nearly  the  whole  as  it  cools.  The 
aqueous  solution  of  this  salt  is  neutral  to  the  test  of  litmus. 

Nitrate  of  silver  blackens  when  exposed,  under  ordinary  circumstances, 
to  light,  and  when  thus  acted  upon,  is  no  longer  perfectly  soluble  in 
water,  owing  to  the  separation  of  a portion  of  metallic  silver;  but  if  cau- 
tiously excluded  from  the  contact  of  organic  matter,  light  alone  does  not 
discolor  it:  according  to  Filiere,  when  the  crystals  are  wrapped  in  paper 
they  are  gradually  reduced  to  the  metallic  state.  {A7in.  Ch.  et  Ph.,  Lxii. 
335.)  When  heated  in  a silver  crucible  it  fuses  into  a grey  mass,  and 
if  cast  into  small  cylinders,  forms  the  lunar  caustic  of  pharmacy;  the 
argenti  niiras  of  the  Pharmacopoeia.  In  forming  this  preparation,  care 
should  be  taken  not  to  overheat  the  salt,  so  as  to  blacken  it,  and  the 
moulds  should  be  warmed.  This  preparation  is  sometimes  adulterated 
Avith  nitrates  of  potassa,  zinc,  lead,  or  copper:  the  mode  of  detecting  the 
three  last-named  metals  will  be  evident  from  previous  statements:  the 
adulteration  with  nitre  may  be  inferred  from  the  result  of  the  decompo- 
sition of  the  salt  by  red-hot  charcoal:  pure  fused  nitrate  of  silver  ignited 
by  the  bloAA'-pipe  in  a small  cavity  of  a piece  of  dense  charcoal  leaves 
about  63  per  cent,  of  pure  silver.  Exposed  to  a red-heat,  the  acid  is 
partly  evoB^ed  and  partly  decomposed,  and  metallic  silver  obtained.  Sul- 
phur, phosphorus,  charcoal,  hydrogen,  and  several  of  the  metals,  decom- 
pose this  nitrate.  A few  grains  mixed  with  a little  sulphur,  and  struck 
upon  an  anvil  with  a heavy  hammer,  produce  a detonation;  phosphorus 
occasions  a violent  explosion  AAdien  about  half  a grain  of  it  is  placed  upon 
a crystal  of  the  nitrate,  upon  an  anvil,  and  struck  sharply  with  a hammer; 
and  if  heated  Avith  charcoal  it  deflagrates,  and  the  metal  is  reduced. 

If  a piece  of  silk  dipped  into  a solution  of  nitrate  of  silver  be  exposed, 
Avhile  moist,  to  a current  of  hydrogen  gas,  it  is  first  blackened,  and  aftei- 
AA^ards  becomes  iridescent  from  the  reduction  of  portions  of  the  metal. 
(Mrs.  Fulhame’s  Essay  on  Combustion.^  Ivory,  marble,  and  several 
other  bodies,  may  be  stained  black,  or  even  silvered,  by  soaking  them  in 
a solution  of  nitrate  of  silver,  and  fully  exposing  them  to  the  action  of 
the  suibs  rays.  When  the  vapor  of  pure  distilled  water  is  made  to  pass 
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tlirougli  nitrate  of  silver,  the  solution  assumes  all  the  shades  between 
yellow  and  dark- brown,  according  to  its  concentration  and  the  time  the 
steam  has  passed  through  it.  When  it  has  acquired  the  temperature  of 
212A  its  color  increases  rapidly.  Nitric  acid  immediately  destroys  tins 
color,  the  cause  of  which  is  referred  by  Pfaff  to  the  deoxidizing  agency 
of  the  steam.  {Quarierly  Journal^  xvi.  162.)  A stick  of  phosj»liorus, 
introduced  into  a solution  of  nitrate  of  silver,  soon  becomes  beautifully 
incrusted  with  the  metal,  which  separates  upon  it  in  arborescent  crystals. 
A plate  of  copper  occasions  a brilliant  precipitation  of  crystalline  silver, 
and  the  copper  is  oxidized  and  dissolved  by  the  acid.  Mercury  introduced 
into  the  solution  of  nitrate  of  silver,  causes  a beautiful  crystalline  deposit 
of  silver,  called  the  arbor  Dianas:  it  was  first  remarked  by  Lemeiy.  To 
obtain  this  crystallization  in  its  most  perfect  state,  the  solution  should 
contain  a little  mercuiy,  and  the  mercury  put  into  it  should  be  alloyed 
with  a little  silver.  Baume  directs  an  amalgam  of  I part  of  silver  with 
7 of  mercury,  of  which  a small  piece  is  to  be  introduced  into  a solution 
composed  of  6 drachms  of  saturated  nitrate  of  silver  and  4 drachms  of  a 
similar  solution  of  mercury  diluted  with  5 ounces  of  distilled  water:  a 
small  flask  or  matrass  should  be  used  for  the  experiment,  kept  perfectly 
at  rest;  in  a few  minutes  small  filaments  of  silver  darken  the  surface  of 
the  amalgam,  and  in  about  eight  and  forty  hours  the  whole  has  separated 
in  a shrub-like  form.  The  addition  of  mercuiy  to  the  solution,  and  of 
silver  to  the  precipitating  mercury,  is  said  to  give  a degree  of  tenacity  to 
the  arborescent  deposit  of  crystals,  which  prevents  their  falling  to  the 
bottom  of  the  flask. 

The  alkaline  metallic  oxides  decompose  nitrate  of  silver;  it  is  also 
decomposed  by  hydrochloric,  sulphuric,  phosphoric,  and  boracic  acids. 
The  protosulphate  of  iron  throws  down  metallic  silver  'when  added  to  a 
solution  of  the  nitrate;  protochloride  of  tin  forms  a grey  precipitate, 
consisting  of  peroxide  of  tin  and  oxide  of  silver.  Ammonia,  added  to 
solution  of  nitrate  of  silver,  occasions  a precipitate,  soluble  in  excess  of 
the  alkali. 

Nitrate  of  silver  is  employed  for  writing  upon  linen,  under  the  name 
of  indelible  or  iuarking  ink^  which  may  be  prepared  by  dissolving  2 
drachms  of  pure  nitrate  of  silver  and  1 drachm  of  gum  arabic  in  7 
drachms  of  distilled  water,  colored  by  a little  China  ink.  The  prepara- 
tory liquid  for  moistening  the  cloth  is  made  by  dissolving  2 ounces  of 
crystallized  carbonate  of  soda  and  2 drachms  of  gum  arabic  in  4 ounces 
of  water.  “For  this  ink,  which  is  expensive,  another  liquid  has  been 
substituted  by  bleachers,  namely,  coal  tar  made  sufficiently  thin  'with 
naphtha  to  write  with,  'which  is  found  to  resist  chlorine,  and  to  answer 
well  as  a marking  ink.”  (Graham.)  Nitrate  of  silver  is  an  ingredient  in 
some  of  the  liquids  which  are  sold  for  the  purpose  of  changing  the  color 
of  hair:  the  black  stain  of  any  of  these  preparations  of  silver  may  be 
removed  by  cyanide  of  potassium.  It  is  used  in  medicine;  and  in  sur- 
gery, as  an  excellent  caustic.  When  taken  internally,  a very  disagreeable 
effect  frequently  follows  its  use,  which  is  the  discoloration  of  the  rele 
niucosiim ; so  that  the  whole  surface  of  the  body,  and  especially  the  parts 
most  exposed  to  light,  acquire  a leaden-grey  or  livid  color,  which  is  per- 
manent, and  can  neither  be  removed  nor  prevented  by  any  means  yet 
tried:  it  is  not  improbable,  however,  that  some  of  the  cyanides  might  be 
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cftectual,  or  tliat  C3’aiildc  of  silver  mlglit  be  emploj’ed  mcdiciiiallv  witliout 
the  blackeiiiiiG:  effect. 

Solution  of  nitrate  of  silver  is  a valuable  test  of  the  presence  of  cldorine, 
liydrocbloric  acid,  and  tlie  soluble  chlorides,  uitli  vliicli  it  forms  a 'white 
cloud  'when  very  dilute,  but  a flaky  precipitate  'when  more  concentrated; 
the  precipitate  is  solulde  in  ammonia,  but  insoluble  in  nitric  acid.  Heat, 
agitation,  or  the  addition  of  a few  drops  of  nitric  acid,  so  as  to  render  the 
liquid  sour,  facilitate  the  deposition  of  the  precipitate.  The  hydriodic, 
liydrobromic,  and  hydrocyanic  acids,  also  occasion  precipitates  in  solution 
of  nitrate  of  silver,  which  become  discolored  by  exposure  to  light.  Its 
application  as  a test  for  arsenic  and  arsenious  acids  has  already  been 
noticed.  Gallic  and  tannic  acid,  and  the  varieties  of  extractive  matter, 
discolor  nitrate  of  silver  without  the  aid  of  light.  A peculiar  extractive 
matter  sometimes  occurs  in  rough  nitre,  which  also  causes  its  solution  to 
blacken  nitrate  of  silver,  and  some  spring  and  mineral  waters  produce  a 
similar  effect. 

Nitrate  of  silver  is  an  anhydrous  salt,  composed  of 

Proust. 

Oxide  of  silver  1 ....  11(3  ....  6‘8’2  l ....  GD'o 

Nitric  acid^ 1 ....  54  ....  31'7G  ....  30'5 

Nitrate  of  silver  1 170  lOO’OO  lOO’O 

Ammonio-nitrate  of  Silver.  Ammonia  is  rapidly  absorbed  by 
nitrate  of  silver,  with  the  production  of  heat  sufficient  to  fuse  the  eom- 
pound,  which  is  white,  coherent,  and  consists  of  100  parts  of  the  nitrate 
-f  29’5  ammonia.  Mitscherlich  has  described  an  analogous  compound 
formed  in  the  humid  (A7in.  de  Ch.  et  P/o,  Lxii.  314;  Voggend. 

Ann.^  ix.  413.)  An  ammonio-nitrate  of  silver  is  also  obtained  when 
ammonia  is  added  to  a solution  of  nitrate  of  silver  till  the  first-formed 
precipitate  is  entirely  redissolved.  This  solution  forms  a good  marking 
ink,  and  has  also  been  used  in  the  preparation  of  paper  for  photogenic 
drawing,  and  as  a test  for  arsenic. 

SuLPiiURET  OF  Silver.  AgS.  Silver  readily  combines  with  sulphur, 
and  produces  a grey  crystallizable  compound,  consideralily  more  I’usllile 
and  mucli  softer  than  silver.  It  may  be  obtained  by  heating  finely-divided 
silver  or  plates  of  silver  witli  sulphur.  Its  density  is  about  (rP)  to  7- 

Sulphuretted  hydrogen  and  hydrosulpliiiret  of  ammonia  occasion  a 
copious  black  precipitate  of  sulpliurct  of  silver  when  added  to  solutions 
of  the  metal : sometimes  a portion  of  the  silver  is  apparent^  at  tlic 
same  time  reduced  to  tlie  metallic  state.  It  is  the  presence  of  some  form 
of  sulphur  in  the  atmos[)here,  generally  sulpiiurettcd  liydrogen,  which 
occasions  the  tarnish  upon  exposed  silver,  and  v.’hich,  thougli  only 
superficial,  is  a great  obstacle  to  many  applications  that  miglit  otherwise 
be  made  of  this  beautiful  metal.  Sulphuret  of  silver  is  not  decomposed 
])y  a solution  of  chloride  of  copper  except  common  salt  be  added,  in 
which  case,  chloride  of  silver  and  sulphuret  of  copper  arc  formed;  100 
parts  of  sulphuret  of  silver  are  thus  convertible  in  the  course  of  a few 
davs  into  about  140  parts  of  a mixture  of  chloride  and  sulphuret.  Half 
the  sulphuret  of  silver  is  first  decomposed,  and  yields,  with  the  chloride 
of  copper,  chloride  of  silver,  sulphur,  and  dichloride  of  copper,  which 
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latter  remains  dissolved  with  the  common  salt:  AgS  + 2Cu01  = AgCl, 
+ S -}-  Cu2  Cl.  Then  the  dichloride  of  copper  dissolved  in  the  solution  of 
common  salt,  acts  upon  the  other  half  of  the  sulphuret  of  silver,  forming 
chloride  of  silver  and  disulphuret  of  copper:  AgS -f  Cu2  Cl  r=:  AgCl  + 
Cu2S:  hence  a solution  of  dichloride  of  copper  in  chloride  of  sodium 
also  decomposes  sulphuret  of  silver.  (Boussingault,  Ann.  Ch.  el  Ph.^ 
LI.  350.  Gmelin,  Handbuch.)  Sulphuret  of  silver  consists  of 

Klaproth- 

Vauquelin.  Berzelius.  Wenzel.  Native. 

Silver 1 ....  108  ....  87-097  ....  87-27  ....  87-032  ....  85-5  ....  85 

Sulphur  1 ....  16  ....  12-903  ....  12-73  ....  12-968  ....  14-5  ....  15 

Sulphuret  of  silver  1 124  100*000  100*00  100-000  100-0  100 

Native  Sidphuret  of  Silver.,  or  vitreous  silver-ore,  is  found  in  various 
forms,  and  when  crystallized  is  in  cubes,  octohedra,  and  dodecahedra.  It 
is  soft  and  sectile.  The  finest  specimens  are  from  Siberia.  The  method 

of  its  reduction  has  been  above  described.  A triple  combination  of 
silver,  antimony,  and  sulphur,  constitutes  the  red  or  ruby  silver-ore;  it  is 
found  massive  and  crystallized  in  hexahedral  prisms.  It  consists  of  about 
70  parts  of  sulphuret  of  silver,  and  30  of  sulphuret  of  antimony;  or, 
according  to  Bonsdorff,  of  3 atoms  of  silver,  2 of  antimony,  and  6 of 
sulphur.  It  occurs  in  all  the  silver-mines,  and  is  sometimes  accompanied 
by  the  brittle  suljjhuret  of  silver,  or  silver  glance,  and  by  antimonial  silver : 
Ag2  Sb, 

Hyposulphite  of  Silver.  Ag0,S2  02,  has  been  examined  by  Her- 
schel.  (Edin.  Phil.  Journal,  i.  26;  ii.  154.)  It  is  formed  by  dropping 
a weak  solution  of  nitrate  of  silver  into  a very  dilute  solution  of  hypo- 
sulphite of  soda:  a white  cloud  is  at  first  produced,  which  redissolves  on 
agitation;  on  adding  more  of  the  precipitant,  the  cloud  reappears  and 
aggregates  into  a grey  precipitate,  which  appears  to  consist  of  hyposulphite 
of  silvei-;  the  supernatant  liquor  tastes  intensely  sweet,  which  is  remark- 
able, considering  the  disgusting  bitterness  both  of  the  nitrate  and  of  the 
hyposulphite,  and  shows,  “ how  little  we  know  of  the  way  in  which 
bodies  affect  the  organs  of  taste.  Sweetness  and  bitterness,  like  acidity, 
seem  to  depend  upon  no  particular  principle,  but  to  be  regulated  by  the 
state  of  combination  in  which  the  same  principles  exist  at  different  times.” 
Hyposulphite  of  silver  is  also  produced  when  chloride  of  silver  is  dis- 
solved in  any  of  the  hyposulphites ; the  solution  is  intensely  sweet  Avith- 
out  any  metallic  flavor.  These  facts  show  the  strong  affinity  that  exists 
betAveen  oxide  of  silver  and  hyposulphurous  acid.  The  solubility  of 
argentine  compounds  in  hyposulphites  has  led  to  an  important  application 
of  them  in  photogenic  draAving,  for  the  purpose  of  fixing  the  designs,  by 
the  removal  of  all  adhering  or  unchanged  salt  of  sih-^er.  (See  Herschel, 
A.  Taa-lor,  &c.)  Hyposulphite  of  silver  is  very  prone  to  decomposition, 
so  as  to  form  sulphate  of  oxide  of  silver,  and  sulphuret  of  silver;  hence 
the  occasional  blackening  of  its  solutions. 

Hyposulphite  of  Ammonia  and  Silver.  When  a solution  of  chlo- 
ride of  silver  in  hyposulphite  of  ammonia  is  mixed  Avith  alcohol,  a preci- 
pitate falls  Avhich  is  probably  2[]NH3,S2  02]  -p  Ag0,S2  02:  the  remaining 
liquid  yields,  on  evaporation,  six-sided  prisms  of  the  same  salt : it  is  so 
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sweet  as  to  communicate  a perceptible  sweet  flavor  to  32,000  parts  of 
water.  If  excess  of  chloride  of  silver  be  added  to  solution  of  hyposul- 
j)liite  of  ammonia,  a \Yliite  and  almost  insoluble  crystalline  powder  is 
formed,  which  soon  blackens  from  the  formation  of  sulphurous  acid  and 
sulphuret  of  silver:  it  appears  to  be  Nn8,S2  02,  + Ag0,S2  02:  it  yields  a 
very  sweet  solution  with  aqueous  ammonia.  (IIeiisciiel.) 

Hyposulphite  of  Potassa  and  Silver  is  formed  when  liquid  potassa 
is  dropped  into  the  solution  of  chloride  of  silver  in  hyposulphite  of  soda; 
it  separates  in  the  form  of  a copious  precipitate,  Avhich,  when  washed 
and  dried,  is  found  to  consist  of  small  grey  pearly  scales;  they  are  diffi- 
cultly soluble  in  water;  of  a very  sweet  taste;  and,  heated  before  the 
blow-pipe,  afford  a bead  of  silver.  Several  other  analogous  double  salts 

have  been  described  bv  Herschel. 

%) 

Hyposulphite  of  Soda  and  Silver.  By  evaporating  a solution 
of  chloride  of  silver  in  hyposulphite  of  soda,  crystals  are  obtained  zr: 
2[Na0,S2  02]  Ag0,S2  02.  The  same  salt  is  formed,  according  to  Lenz, 
in  lamellar  crystals  by  saturating  a concentrated  solution  of  hyposulphite 
of  soda  with  chloride  of  silver,  filtering,  precipitating  by  alcohol,  washing 
the  precipitate  with  alcohol,  and  drying  it  in  vacuo.  (A?in.  her  Pharrn.^ 
XL.  94.)  It  is  unaltered  at  common  temperatures  by  air  and  light : heated 
to  212°  it  gradually  darkens  from  formation  of  sulphuret  of  silver.  The 
crystals  contain  2 atoms  of  water.  When  a neutral  solution  of  nitrate  of 
sih^er  is  added  to  a solution  of  hyposulphite  of  soda  till  a precipitate  forms, 
a dirty  white  crystalline  powder  is  obtained  z=i:NaO,S2  02-1- AgO,S2  02, 
-b  HO.  (Lenz.)  Similar  double  salts  with  lime  and  with  strontia  have 
been  described  by  Herschel. 

Sulphite  of  Silver.  Ag0,S02,  is  obtained  in  crystalline  grains  by 
digesting  oxide  of  silver  in  sulphurous  acid,  or  by  adding  an  alkaline  sul- 
phite to  a solution  of  silver.  It  produces  double  salts  with  the  sulphites 
of  the  alkalis.  According  to  Fourcroy,  it  is  not  blackened  by  exposure 
to  light,  nor  altered  by  air.  When  sulphurous  acid  or  alkaline  sulphites 
are  added  to  nitrate  of  silver,  a beautifully  white  sulphite  is  thrown 
down,  and  only  a small  portion  of  silver  remains  in  solution.  Sulphite  of 
silver  is  insoluble  in  water,  and  nearly  so  in  sulphurous  acid;  it  is  not 
decomposed  by  acetic  acid,  but  the  more  powerful  acids  expel  the  sul- 
phurous: it  is  soluble  in  ammonia.  When  boiled  in  water,  or  when  dried 
at  212°,  it  is  converted  into  sulphate  and  metal : when  an  alkaline  sul- 
phite is  added  to  the  water  in  which  it  is  boiling,  it  is  easily  and  entirely 
reduced.  When  an  ammoniacal  solution  of  chloride  of  silver  to  wliich 
sulphite  of  ammonia  has  been  added  is  kept  boiling,  the  whole  of  the 
silver  is  precipitated  in  the  metallic  state  as  a dull  brownish -white  pow- 
der. On  boiling  fresh  and  moist  chloride  of  silver  in  a solution  of  an 
alkaline  sulphite,  it  is  also  decomposed  into  metallic  sih^er;  to  obtain 
this  silver  perfectly  pure,  it  must,  however,  be  washed  in  ammoiiia. 
(Berthier.) 

Hyposulphate  of  Silver,  Ag0,S2  05,  is  formed  by  digesting  carbo- 
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iiate  of  silver  in  hyposulpliiiric  acid:  it  crystallizes  in  permanent  prismatic 
crystals,  soluble  in  2 2)nrts  of  cold  water,  and  containing  2 equivalents  of 
water  of  crystallization ; they  blacken  when  exposed  to  light,  and  fall, 
when  gently  heated,  into  a grey  powder,  which  leaves  a little  sulpliuret  of 
silver  'when  dissolved  in  boiling  water.  (Heeken.) 

IIyposulpiiate  of  Silyeu  akd  Ammonia.  On  cooling  a hot  satu- 
rated solution  of  hyposulphate  of  silver  in  ammonia,  bi’illiant  rhombic 
jnisms  are  obtained,  soluble  in  water  without  decomposition,  and  becom- 
ing grey  by  exposure  to  light : exposed  to  heat  they  afford  ivater, 
ammonia,  a sublimate  of  sulphite  of  ammonia,  some  sulphurous  acid, 
and  sulphate  of  silver:  their  formula  is  NIl3,AgO  -f- iNH4  0,S2  05. 
(Ramimelsberg,  PoggeJid.,  Lviii.  295.  See  also  in  reference  to  this 
double  salt,  Heeuen,  Poggend.,  vii.  192.) 

Sulphate  of  Silver,  Ag0,S03,  is  deposited  ivhen  sulphate  of  soda 
is  mixed  with  nitrate  of  silver.  It  is  also  formed  by  boiling  silver  with 
its  weight  of  sulphuric  acid.  It  forms  a white  saline  mass,  easily  fusible. 
It  rec|uircs  about  90  parts  of  water  at  60°  for  its  solution;  in  boiling 
water  it  is  more  soluble,  and  is  deposited,  as  the  solution  cools,  in  small 
anhydrous  prismatic  crystals:  it  is  decomposed  at  a red-heat,  and  leaves 
metallic  silver:  it  dissolves  in  sulphuric  acid,  and  on  moderate  dilution 
the  greater  jiart  of  the  salt  again  falls  down ; the  best  crystals  of  sul^diate 
of  silver  are  obtained  from  its  solution  in  diluted  sulphuric  acid,  or  ac- 
cording to  Mitscherlich,  from  its  solution  in  nitric  acid.  By  leaving  a 
strong  sulphuric  solution  of  silver  in  a dark  place  it  gradually  absorbs 
water,  and  octohedral  crystals  of  the  sulphate  are  deposited  in  it.  The 
specific  gravit}^  of  sulphate  of  silver  is  5'34.  (Karsten.)  Yogel  has 
stated  that  finely  divided  silver  is  dissolved  by  anhydrous  sulphuric  acid, 
Avithout  the  evolution  of  sulphurous  acid:  the  conditions  of  this  action 
have  not  been  ascertained. 

Upon  the  large  scale,  small  jiortions  of  gold  maj'’  be  most  economi- 
cally separated  from  large  quantities  of  silver,  b}^  heating  the  finely 
granulated  alloy  in  sulphuric  acid:  the  gold  remains  in  the  form  of  a 
black  powder,  and  the  sulphate  of  silver  may  be  decomposed  by  the 
action  of  metallic  copper:  the  silver  is  jirecijiitated  in  a jmlverulent  state, 
and,  Avith  a little  borax  or  other  vitrifialile  flux,  is  fused,  and  cast  into 
ingots:  the  sulphate  of  cojiper  is  easily  obtained  in  the  ciystallized  state 
by  evaporating  the  residuary  liquid. 

A compound  acid,  Avhich  may  be  called  7utrosuJphurlc^  consisting  of 
I of  nitre  dissolved  in  about  10  of  sulphuric  acid,  dissolves  silver  at 
a temperature  below  200°,  and  the  solution  admits  of  moderate  dilution 
before  sulphate  of  silver  scjiarates  from  it.  This  acid  scarcely  acts  upon 
co2q)er,  lead,  or  iron,  unless  diluted  Avith  Avater;  it  is,  therefore,  useful  in 
separating  the  silver  from  old  jihited  articles;  the  silver  may  afterwards 
be  obtained  either  in  the  form  of  chloride,  by  adding  common  salt,  or  by 
diluting  the  acid  and  continuing  the  immersion  of  the  pieces  of  cojiper 
Avhich  have  lost  their  silvering,  and  aaIhcIi  Avill  now  dissolve  in  the  diluted 
acid,  and  occasion  the  2)reci2>itation  of  metallic  sih^er.  (Keir,  Phil.  Trans. 

LXXX.) 
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Sulphate  of  silver  consists  of 

Oxide  of  silver 1 

Sulphuric  acid  I 

Sulphate  of  silver 1 


lie 

40 

loG 


74-:h) 

25-G4 

100-00 


A.^imonio-sulpiiate  of  Silver.  100  parts  of  sulphate  of  silver  slowly 
ahsorh  11*82  of  dry  ammonia.  (II.  Rose,  A nn.  Ch.  cl  Ph.^  Lxii.  ,314.)  In 
the  humid  way,  IMltscherlich  formed  a double  salt  containing  twice  as 
much  ammonia:  lie  saturated  strong  and  warm  solution  of  ammonia  with 
sulphate  of  silver,  and  on  cooling  prismatic  crystals  were  deposited  soluble 
in  water  and  in  aqueous  ammonia  “ 2NIIg,  AgO,S(33,  or  perhaps  Alld.  AgO 
-I  Nila  ,S03.  Potassa  tlnows  down  fulminating  silver  from  these  solutions. 

Piiospiiuret  of  Silver  may  he  formed  either  by  projecting  phos- 
])horus  upon  red-hot  silver,  or  by  lieating  a mixture  of  1 part  of  silver 
filings,  2 of  vitrified  phosphoric  acid,  and  0'5  of  charcoal.  It  is  a brittle 
white  compound.  It  loses  its  ])hosphorus  when  fused  and  exposed  to  air. 
Pelletier  observed,  in  regard  to  this  phosphuret,  that  the  fused  silver  was 
capable  of  retaining  a larger  proportion  of  phosphorus  in  combination  than 
after  it  had  solidified;  for  the  fused  phosjihuret,  when  it  concretes,  throws 
off  a quantity  of  phosphorus,  producing  a brilliant  combustion;  there  is 
an  analogy  betiveen  this  effect  and  the  similar  absorption  and  evolution 
of  oxygen.  The  concreted  phosphuret  consists  of  108  silver  -f  16  phos- 
phorus. According  to  Lamlgrebe  a phosphuret  of  silver  containing  about 
33  per  cent,  of  phosphorus  is  formed  by  fusing  12  parts  of  tribasic  phos- 
phate of  silver  wdth  1 part  of  powdered  charcoal  at  a moderate  red-heat. 


IlvpopnospniTE  and  PiiospiiiTE  op  Silver  have  not  been  examined; 
probably  oxide  of  silver  would  be  reduced  by  these  acids. 

Phosphate  of  Silver.  3Ag0,cP05.  When  a solution  of  common 
phosphate  of  soda,  2Na0,II0,cP05,  is  added  to  nitrate  of  silver,  a yellow 
anhydrous  tribasic  phosphate  of  silver  falls,  and  free  nitric  acid  is  found 
in  the  supernatant  liquor:  3 [x\gO,NOd]  -f-  NaO,IIO,cP05  rr;  3Ag() 
c’POo -f  2 [NaO,N05]  + IIO,N05.  If  the  solution  of  nitrate  of  silver 
be  precipitated  Avith  anhydrous  tribasic  phosphate  (subphosphate)  of 
soda  [3iShi0,cP05] , the  supernatant  solution  remains  neutral;  in  this 
case  3 [AgO,N05]  -p3  Na0,cP05=3Ag0,cP05  +3  [NaO,NOG.]  ^ This 
phosphate  fuses  at  a red-heat.  It  is  soluble  in  nitric,  phosphoric,  and 
acetic  acid,  and  in  ammonia  and  carbonate  of  ammonia;  it  is  discolored 
by  exposure  to  light:  its  specific  gravity  is  7 8:  Avhen  heated  it  becomes 
brown,  but  regains  its*yellow  tint  as  it  cools.  It  consists  of 


Oxide  of  silver  3 

I’liosplioric  acid 1 


1 


348 

72 

420 


82 -80 
17-14 


100-00 


Rerzclius. 
82-073 
17  023 

100-00 


Stromeyer. 
. 83-45 

. lG-34 

100-00 


Tribasic  phosphate  of  silver 

AVhen  this  salt  is  dissolved  in  phosphoric  acid,  a part  of  it  is  deposited 
in  granular  crystals  of  the  preceding  tribasic  salt;  by  spontaneous  evapo- 
ration of  the  residuary  solution,  Avhite  plumose  crystals  are  deposited, 
Avhich,  by  Avater,  are  resolved  also  into  the  same  salt. 
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Pyrophosphate  of  Silver,  2Ag0,6P05,  is  the  while  precipitate 
throAvn  down  from  nitrate  of  silver  by  pyrophosphate  of  soda;  in  this 
case  the  supernatant  liquid  remains  neutral.  (Clark.)  2[Ag0,N05] 
+ 2Na0,6P05  = 2Ag0,&P05  + 2 [^Na0,N05.]]  Pyrophosphate  of  silver  is 
anhydrous;  its  sp.  gr.  is  5*3;  it  is  fusible  at  a dull  red  heat  without  de- 
composition; it  becomes  brownish-red  by  exposure  to  light:  when  boiled 
with  solution  of  common  phosphate  of  soda,  it  yields  yellow  tribasic 
phosphate  of  silver,  and  pyrophosphate  of  soda.  (Gmelin.)  It  is  soluble 
in  cold  nitric  acid,  from  which  it  is  precipitated,  unchanged,  by  ammonia; 
but  when  boiled  in  nitric  or  in  dilute  sulphuric  acid,  the  pyrophosphoric 
acid  is  changed  into  common  phosphoric  acid,  and  then  ammonia  throAvs 
doAAOi  a yelloAv  precipitate;  it  is  resolved  by  hydrochloric  acid  into  chloride 
of  silver,  and  aqueous  pyrophosphoric  acid;  it  dissoh^es  in  ammonia,  and 
is  throAAUi  doAAm  again  unchanged  by  acids.  It  is  insoluble  in  acetic  acid, 
and  not  altered  by  boiling  in  Avater:  its  components  are 

Berzelius.  Stromeyer. 

Oxide  of  silver  2 ....  232  ....  76*31  ....  76*35  ....  75*39 

Pyrophosphoric  acid....  1 ....  72  ....  23*69  ....  23*65  ....  24*61 

Pyrophosphate  of  silver  1 304  100*00  100*00  100*00 

Metaphosphate  of  Silver.  AgO,r^P05.  This  is  a white  gelatinous 
precipitate  throAvn  doAvn  from  solution  of  nitrate  of  silver  by  metaphos- 
phate of  soda:  boiling  Avater  resolves  it  into  an  acid  and  a sesquibasic  salt 
irr3Ag0,2<2P05.  (Berzelius.)  The  components  of  the  neutral  meta- 
phosphate are 

Berzelius. 

Oxide  of  silver  1 116  ....  61*70  ....  64*52 

Metaphosphoric  acid 1 ....  72  ....  38*30  ....  35*48 

Metaphosphate  of  silver  1 188  100*00  100*00 

Seleniuret  of  Silver,  AgSe,  obtained  by  precipitating  nitrate  of 
silver  by  seleniuretted  hydrogen,  is  a black  poAvder,  Avhich  fuses  into  a 
globule  having  a metallic  lustre.  It  consists  of  73*16  sih^er  4-  26*84 
selenium.  'When  silver  is  fused  Avith  selenium,  a grey  hiseleniurei  is 
formed,  from  Avhich  excess  of  selenium  is  expelled  by  heat.  (Berzelius.) 
Seleniuret  of  silver  occurs  native,  in  combination  AAuth  about  7 per  cent. 
of  seleniuret  of  lead. 

Selenite  of  Silver,  AgO,Se02,  is  throAvn  doAvn  in  the  form  of  a 
Avhite  poAvder,  very  sparingly  soluble  in  hot  AAMer,  on  the  addition  of 
aqueous  selenic  acid  to  solution  of  nitrate  of  sih’^er:  it  is  fusible,  and  at  a 
high  heat  gives  out  selenious  acid  and  oxygen,  and  leaves  metallic  silver. 
It  is  not  discolored  by  exposure  to  daylight.  It  may  also  be  obtained  by 
boiling  seleniuret  of  silver  in  nitric  acid:  as  the  solution  cools  the  selenite 
is  deposited  in  small  crystals;  or  it  may  be  throAAUi  doAvn,  by  dilution, 
in  the  form  of  a AAdiite  poAvder.  (Berzelius.)  Seleniate  of  silver  is 
isomorphous  Avith  the  sulpliate.  (Mitscherlich.) 

Carburet  of  Silver.  W^hen  silver  is  kept  in  fusion  for  an  hour  in 
contact  Avitli  lamp-black,  it  takes  up  about  3 per  cent,  of  carbon,  (Gay 
Lussac.  Ann.  CIi.  el  P/o,  Lviii.  223,)  forming  Ag2,C.  When  cuminate 
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of  silver  is  lieated  in  an  open  vessel  to  redness,  the  residue  is  a yellow 
substance,  not  affected  hy  heat,  and  soluble  in  nitric  acid,  with  the  ex- 
ception of  5'5  2)6)'  cent,  of  carbon:  this  appears  to  be  AgC.  (Ceriiardt 
and  Caiiours.)  A carburet  of  silver  also  remains  when  cyanide  of  silver 
is  intensely  heated.  When  maleate  of  silver  is  decomposed  by  heat,  a 
grey  metallic  powder  remains,  containing  about  10  2)ei'  cent,  of  carbon, 
when  purified  by  solutions  of  potassa,  hydrochloric  acid,  and  ammonia: 
it  is  probably  AgC2.  (Regnault.  A)in.  do'  Pharm,^  xix.  153.) 

Carbonate  of  Silver,  Ag0,C02,  is  precipitated  in  the  form  of  a pale 
yellow  insoluble  powder,  by  adding  carbonate  of  potassa  to  nitrate  of 
silver.  It  blackens  by  exposure  to  light,  and  is  easily  decomposed  by 
heat.  It  is  readily  converted  into  chloride  by  hydrochloric  acid  and 
soluble  chlorides.  Moist  oxide  of  silver  absorbs  carbonic  acid  from  the 
air.  (Fischer.)  Carbonate  of  silver  consists  of 


Setterberg. 

Oxide  of  silver  1 ....  116  ....  84‘OC  ....  84’02 

Carbonic  acid  ly  ....  22  ....  15'94  ....  15-98 


Carbonate  of  silver....  1 138  lOO’OO  lOO'OO 

Amhonio-Carbonate  of  Silver  is  thrown  down  as  a white  flocculent 
precipitate  when  alcohol  is  added  to  a solution  of  carbonate  of  silver  in 
aqueous  ammonia ; but  when  the  precipitate  is  washed  with  alcohol  upon 
a filter,  ammonia  is  abstracted,  and  yellow  carbonate  of  silver  remains. 
When  alcohol  is  poured  upon  the  surface  of  a strong  aqueous  solution  of 
the  ammonio- carbonate,  it  gradually  crystallizes  in  rhombic  tables.  As 
fulminating  silver  is  sometimes  formed,  this  compound  must  be  cautiously 
treated. 

Borate  of  Silver,  Ag0,B03,  is  thrown  down  from  the  nitrate  of 
silver  in  the  form  of  a white  crystalline  powder,  by  adding  solution  of 
boracic  acid.  It  is  very  difficultly  soluble  in  water,  and  easily  fusible. 
The  same  salt  falls  on  adding  a saturated  solution  of  borax  to  a dilute 
solution  of  nitrate  of  silver:  if  the  borax- solution  be  very  dilute,  oxide  of 
silver  falls.  It  consists  of 

II.  Rose. 

Oxide  of  silver  i ....  116  ....  78'9  ....  77'1 

Boracic  acid  ....  1 ....  35  ....  23’1  ....  22*9 


Borate  of  silver  1 151  100*0  100*0 

Cyanide  of  Silver.  Ag,Cy.  Il3ulrocyanic  acid,  or  solution  of  cyan- 
ide of  potassium,  causes  a white  precipitate  in  solution  of  nitiate  of 
silver,  which  is  cyanide  of  silver and  which,  when  heated,  fuses,  and,  at 
a high  temperature,  gives  out  cyanogen.  It  is  insoluble  in  watci  and  in 
fixed  alkalis,  but  readily  soluble  in  ammonia.  It  is  soluble,  if  a little 
excess  of  hydrocyanic  acid  be  present,  in  solution  of  potassa  (Taylor,) 
this,  hov'ever,  merely  amounts  to  its  being  soluble  in  a solution  contain- 
ing  cyanide  of  potassium,  and  chloride  of  silver  is  soluble  under  the  same 
circumstances.  It  is  decomposed  by  hydrochloric  acid,  and  by  sulphuiet- 
ted  hydrogen;  nitric  acid  scarce!}'  acts  upon  it,  unless  concentiated  and 
heated.  Sulphuric  acid,  diluted  with  its  volume  of  w'ater,  decomposes  it 
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'vvlien  Lolling,  Avitli  tlie  escape  of  liydrocyanic  acid  and  the  formation  of 
sulphate  of  silver:  in  this  way  cyanide  may  he  separated  from  chloride 
of  silver,  which  is  not  affected  ])y  sulphuric  acid.  (Glassford  and  Na- 
pier. Mem.  Ch.  Sac.,  ii.  93.)  It  dissolves  in  a strong  solution  of  nitrate 
of  silver,  and  forms  a compound  Avhicli  may  he  ciystallized,  hut  which  is 
decomposed  hy  solution  in  Avater.  It  is  soluble  In  tlie  alkaline  chlorides, 
in  feiTOcyanide  of  potassium,  in  hyposulphite  of  soda,  and  in  cyanide  of 
potassium.  This  cyanide  has  a place  in  the  Pharmacopoeia  as  an  occa- 
sional source  of  hjulrocyanic  acid:  it  consists  of 


Silver  1 ....  108  ....  SOT 

Cvanoo-en 1 ....  2G  ....  19 ’4 


Cyanide  of  silver  I 134  lOO'O 

T1  le  folloAving  diagram  shoAvs  tlie  theory  of  its  decomposition  hy 
hydrochloric  acid,  together  Avith  the  equivalents  of  the  products  : 


54 

Nitric  Acid. 


9 iVater. 


170 

Nitrate  op  A 
Srr.vER. 


IIG 

t Oxide  of  Silver. 


8 1 
Oxygen.  Hydrogen. 


27 

V Hydrocyanic 
Acid. 


108  26 
Silver.  Cyanogen. 


134  Cyanide  of  Silver. 


Argento-cyanides.  Cjmnides  of  the  alkaline  bases  form  soluble 
double  salts  Avith  cyanide  of  silver;  they  are  insoluble  in  alcohol,  Avhich 
th  roAV^s  them  down  from  their  aqueous  solutions.  The  argenlo-cyanide 
of  'potassium  yields  plumose  colorless  crystals:  it  produces  precipitates  in 
many  of  the  metallic  solutions,  Avhich  are  insoluble  argento-cyanides,  cor- 
responding in  composition  AvIth  tlie  ferrocyanides.  A solution  of  oxide 
or  chloride  of  silver  in  cyanide  of  potassium,  forms  a good  liquid  for 
silvering  hy  immersion,  especially  Avhen  aided  hy  electricity:  for  the 
solvent,  I part  of  cyanide  of  potassium  may  he  dissoLmd  in  10  of  Avater, 
and  50  or  00  grains  of  oxide  or  chloride  of  silver  dissolved  in  each  pint: 
the  oxide  and  chloride  should  both  he  in  a moist  state.  (See  Glassford 
and  Napier  on  these  Cyanides.  Mem.  Chem.  Soc.,  ii.  92.) 

Ferrocyanide  of  Sila^er  falls  as  a Avhite  poAvder  Avlien  ferrocyanide 
of  potassium  and  nitrate  of  sihmr  are  mixed.  Ferridcyanide  of  Silver 
is  yelloAA". 

SuLPiiocYANiDE  OF  SiLVER  falls  111  the  fomi  of  a Avhite  curdy  precipi- 
tate Avhen  sulphocyanide  of  potassium  is  added  to  nitrate  of  silver.  It 
sloAvly  blackens  hy  exposure  to  light.  It  is  insoluble  in  AAmter,  hut  soluble 
in  strong  aqueous  ammonia,  from  Avhich  it  crystallizes  in  brilliant  Avhite 
plates. 
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Cyanate  of  Silver.  AgO,CyO.  When  cyanate  of  potassa  Is  adclcd 
to  nitrate  of  silver  a white  powder  falls,  somewhat  soluble  in  hot  water, 
and  soluble  in  ammonia,  with  which  it  forms  a white  crystalline  compound, 
but  from  which  the  ammonia  may  be  expelled  by  heat;  it  blackens  when 
heated,  and  burns  with  deflagration,  the  products  being  cyanic  acid,  car- 
bonic acid,  nitrogen,  and  dicyanide  of  silver.  (Liebig.)  When  solution 
of  nitrate  of  silver  is  dropped  into  alcoholic  solution  of  cyanate  of  potassa, 
cyanate  of  silver  is  also  precipitated:  subjected  to  dry  distillation,  cyanate 
of  silver  yields  carbonic  acid  and  nitrogen,  and  the  residue  forms  a para- 
cyanide,  evolving  at  the  same  time  heat  and  light.  (Berzelius.) 

Ammoniocyanate  of  Silver.  When  a solution  of  cyanate  of  silver 
in  ammonia  is  left  to  spontaneous  evaporation,  it  deposits  translucent 
lamellar  crystals;  exposed  to  air  they  lose  ammonia  and  become  opaque. 

Fulminate  of  Silver.  Argentofulminate  of  Silver.  Ful:\ii- 
NATiNG  Silver.  2AgO,Cy2  O2.  This  curious  and  dangerous  compound 
is  prepared  as  follows:  100  grains  of  fused  and  finely-powdered  nitrate  of 
silver  are  added  to  an  ounce  of  warm  alcohol,  and  the  mixture  stirred  in 
a sufficiently  large  glass  basin;  an  ounce  of  fuming  nitric  acid  is  then 
added,  and  presently  a violent  effervescence  ensues  and  a powder  falls:  as 
soon  as  this  appears  white,  cold  water  is  added,  and  the  powder  is  imme- 
diately to  be  collected  upon  a filter,  washed,  and  carefully  dried  at  a 
temperature  of  100°.  In  collecting  and  handling  this  powder,  the  utmost 
caution  is  requisite;  it  should  be  made  in  small  quantities  only,  and 
touched  with  nothing  hard,  for  it  has  sometimes  exploded  upon  the  con- 
tact of  a glass  rod,  even  under  water:  the  feather  of  a common  quill 
serves  to  collect  it;  and  it  should  be  kept  in  a wide-mouthed  vessel  covered 
by  paper,  and  by  no  means  in  a stoppered  or  even  a corked  phial,  as 
serious  accidents  have  arisen  from  its  unexpected  explosion;  in  short, 
one  cannot  be  too  careful  in  meddling  wdth  it,  and  its  use  for  fulminating 
balls  and  other  purposes  of  amusement  is  highly  dangerous. 

Berzelius  observes  that,  in  preparing  fulminating  silver,  a vessel  of 
sufficient  capacity  should  be  used  to  prevent  the  liquid  running  over 
during  the  effervescence,  by  which  portions  of  the  powder  are  deposited 
upon  its  exterior,  and  apt  to  explode  when  dry;  that  all  approach  of 
flame  should  be  avoided  during  the  escape  of  the  nitrous  etherized  gas, 
because  its  inflammation  would  probably  occasion  the  powder  to  explode; 
and  that  care  should  be  taken  to  avoid  introducing  all  hard  substances  to 
stir  or  touch  the  precipitate. 

Liebig’s  process  for  the  preparation  of  fulminating  silver  is  as  follows: 

1 part  of  standard  silver  is  dissolved  in  10  parts  of  nitric  acid  of  sp.  gr. 

] '36  to  1‘38:  the  solution  is  then  poured  into  20  parts  of  alcohol  (of  85 
or  90  per  ceni.)^  and  the  mixture  gently  heated:  as  soon  as  it  enters  into 
ebullition,  the  heat  is  Avithdrawn,  and  it  is  left  to  itself  till  cold,  Avhen  the 
liquor  becomes  turbid,  and  deposits  fulminate  of  silver  in  the  form  of 
brilliant  Avhite  needles,  Avhich,  when  Avashed  and  dried,  are  equal  in 
Aveight  to  that  of  the  metal  used.  {Trail t de  Uiim.  Org.,  i.  13.3.) 
FoAvnes  directs  as  folloAVs:  “Fulminate  of  silver  is  prepared  by  dissolving 
40  or  50  grains  of  silv'er,  AA'liich  need  not  be  pure,  in  three-quarters  of  an 
ounce  by  measure  of  nitric  acid,  of  sp.  gr.  1*37)  ol  thereabouts^  by  the  aid 
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of  a little  heat;  a sixpence  answers  the  purpose  very  well.  To  the  highly 
acid  solution,  while  still  hot,  2 measured  ounces  of  alcohol  are  added,  and 
heat  applied  until  reaction  commences : the  fulminate  of  silver  slowly 
separates  from  the  hot  liquid  in  the  form  of  small  brilliant  white  crystal- 
line plates,  which  may  be  washed  with  a little  cold  water,  distributed  upon 
separate  pieces  of  filter  paper,  in  portions  not  exceeding  a grain  or  two 
each,  and  left  to  dry  in  a warm  place.  When  dry,  the  papers  are  folded 
up  and  preserved  in  a box  or  bottle:  this  is  the  only  safe  method  of  keep- 
ing the  salt.”  {Manual^  p.  459.) 

Fulminating  silver  is  a grey  crystalline  powder;  it  acquires  a dingy 
hue  by  exposure  to  light ; it  dissolves  in  from  30  to  40  parts  of  boiling 
water,  and  as  the  solution  cools,  nearly  the  whole  is  again  deposited  in 
minute  crystals.  It  detonates  in  the  quantity  of  a grain,  or  even  half  a 
grain,  with  great  violence,  when  heated,  or  touched  by  any  hard  body; 
placed  upon  a piece  of  rock-crystal,  and  touched  in  the  slightest  manner 
by  another  crystal,  it  explodes  violently;  upon  the  contact  of  sulphuric 
acid,  and  by  the  electric  spark,  it  also  detonates. 

The  nature  of  this  substance  has  been  investigated  by  Liebig  and 
Gay  Lussac  (^Ann.  Ch.  et  Ph.^  xxiv.  and  xxv.),  who  have  shown  that  it 
is  a compound  of  2 atoms  of  oxide  of  silver  with  1 of  fulminic  acid:  in 
its  formation,  a portion  of  the  alcohol  is  oxidized,  so  as  to  form  alde- 
hyde, and  formic,  and  oxalic  acid;  this  is  effected  at  the  expense  of  the 
oxygen  of  the  nitric  acid,  which  passes  into  hyponitrous  acid,  and  this, 
reacting  upon  another  portion  of  the  alcohol,  forms  hyponitrous  ether, 
fulminic  acid,  and  water;  1 atom  of  hyponitrous  ether  (hyponitrite  of 
oxide  of  ethyle)  and  I of  hyponitrous  acid,  containing  the  elements  of 
1 atom  of  fulminic  acid  and  5 of  water. 

Hyponitrous  Ether  -J-  Hyponitrous  Acid  = Fulminic  Acid  -j-  Water. 

C4H5  0,N03.  ^ Nul  ' C4N2O2.  ' 

The  bibasic  peculiarities  of  fulminates  have  been  already  noticed 
(p.  508) : the  components  of  fulminating  silver  are 


Gay  Lussac 
and  Liebig. 


Oxide  of  silver  .... 

Cyanogen  

Oxygen  

2 .. 

2 .. 

2 .. 

..  232  . 
..  52  . 

..  IG  . 

...  77-34  .. 
...  17-33  .. 
...  5-33  .. 

..  77-528 
..  17-1601 
..  5*312t 

Fulminic  I 
acid  j 

2 . 

• 1 . 

...232  . 

...  G8. 

...  77-34 

...  22  GG 

F uhninate  of  silver 

1 

300 

100*00 

100*000 

1 

300 

100*00 

Fulminate  of  silver  is  decomposed  by  hydroehloric  acid,  with  the 
formation  of  hydrocyanic  acid,  water,  and  chloride  of  silver,  and  a com- 
pound which  has  been  termed  clilorohydrocyanic  acid,  having  the  formula 
C2  N,Cl5,H2 ; these  results  are  represented  in  the  following  equation 
(Liebig):  2Ag0,C4N202  + 7HC1  C2NII -f-dllO +2AgCl  + [C2NCI5 
LI2] . The  decomposition  of  fulminate  of  silver  by  zine  and  by  copper  is 
attended  by  the  same  results  as  when  those  metals  act  on  fulminating 
mercury ; the  silver  or  mercury  are  replaced  by  zinc  or  copper,  and  com- 
pounds are  produced,  having  the  formulas  2Zn0,Cy202,  and  2CuO,Cy2 
O2.  (E.  Davy.)  The  compound  regarded  by  E.  Davy  as  fulminic  acid, 
is  ZnO,HO,Cy?  O2.  (Feeling.) 
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Argento-fulminic  Acid.  AgO,HO,Cy2  O2.  This  compound  is 
produced  by  digesting  the  preceding  in  solution  of  potassa,  filtering,  and 
adding  nitric  acid;  a precipitate  falls,  soluble  in  boiling  water,  from  which 
crystals  separate  on  cooling,  composed  of  1 atom  of  fulminic  acid  combined 
with  1 of  oxide  of  silver,  and  1 of  water:  and  in  which,  therefore,  in 
reference  to  the  preceding  compound,  1 atom  of  oxide  of  silver  is  replaced 
by  an  atom  of  basic  water : these  are  dangerously  explosive.  The  proxi- 
mate elements  of  this  compound  are 


Oxide  of  silver  1 ....  116  ....  60'41 

Water 1 ....  9 ....  4-16 

Fulminic  acid  1 ....  68  ....  35*43 


Argento-fulminic  acid  I 193  100*00 


A RGENTO- Fulminate  of  Potassa.  K0,Ag0,Cy2  02.  When  solution 
of  potassa  is  digested  with  fulminating  silver,  half  the  oxide  of  silver  is 
thrown  down,  and,  on  filtering  and  carefully  evaporating  the  solution, 
■white  foliated  crystals  may  be  obtained,  of  a metallic  taste,  neutral  to 
tests,  soluble  in  8 parts  of  boiling  water,  and  not  precipitated  by  chlo- 
rides. They  explode  by  heat  and  friction.  In  this,  and  analogous  com- 
pounds, therefore,  the  basic  water  of  the  argento-fulminic  acid  is  replaced 
by  the  alkaline  base,  this  argento-fulminate  consisting  of 


Potassa  

Oxide  of  silver 
Fulminic  acid 


Argento-fulminate  of  potassa 


1 .. 

..  48  ., 

,..  20*7 

20*7 

1 .. 

..  116  .. 

...  50*0j 

1 Argento-fulminic  } 

70*3 

1 .. 

68 

...  29*31 

!.  acid.  I 

1 

232 

100*0 

100*0 

Argento-fulminate  of  Soda,  NaO,AgO,Cy2  O2,  is  obtained  as  the 
preceding  potassa  salt;  it  forms  small  brown  crystals  with  metallic  lustre, 
and  is  somewhat  more  soluble. 


Argento-fulminate  of  Baryta,  BaO, AgO,Cy2  O2,  forms  small  grey 
grains,  little  soluble  in  water,  and  very  explosive.  The  corresponding 
strontia  salt  has  similar  properties. 

Argento-fulminate  of  Lime,  CaO,  AgO,Cy2  O2,  forms  small  yellowish 
heavy  crystalline  grains,  which  are  difficultly  soluble  in  water. 


Argento-fulminate  of  Magnesia,  Mg0,Ag0,Cy202,  forms  strongly 
explosive  capillary  crystals  : there  is  also  a modification  of  this  salt  in  the 
form  of  a rose -colored  inexplosive  powder. 

Cyanurate  of  Silver.  If  nitrate  of  silver  be  added  to  cyaniirate 
of  potassa,  a white  precipitate  is  obtained,  which  consists  of  I atom  of 
cyanuric  acid  combined  ■with  2 of  oxide  of  silver  and  I of  water.  2AgO, 
IIO,Cy3  03.  This  salt,  heated  in  the  dry  state,  evolves  hydrated  cyanic 
acid.  If  a solution  of  silver  be  added  to  a boiling  solution  of  cya- 
nurate of  ammonia,  containing  ammonia  in  excess,  the  C3mnurate  with 
3 atoms  of  oxide  of  silver,  is  formed : 3AgO,Cy3  03.  It  is  insoluble  in 
water,  very  sparingly  soluble  in  dilute  nitric  acid,  may  be  heated  to  600 
without  decomposition,  is  AAdiite,  not  blackened  by  light,  and  at  a red- 
heat  emits  carbonic  acid  and  nitrogen,  and  leaves  dicyanide  of  silver. 
(Liebig.)  These  cyanurates  are  composed  as  folloAvs: 

3 2 
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Oxide  of  silver....  2 ....  232  ....  07*03  ....  3 ....  343  ....  77*33 

Water  1 ....  0 ....  2'G3 

Cyaimric  acid  ....  1 ....  102  ....  29*74  ....  1 ....  102  ....  22*07 

Cyaiiurato  A ....  1 343  100*00  B 1 450  100*00 


CoBALTO-CYANiDE  OF  SiLVER  is  a white  Crystalline  precipitate,  formed 
hy  mixing  solutions  of  cohalto-cyanide  of  potassium  and  nitrate  of  silver. 
It  dissolves  in  ammonia,  with  which  it  forms  a double  compound,  crystal- 
lizing in  colorless  transparent  prisms. 

Arsenite  op  Silver,  2Ag0,As03,  is  precipitated  in  the  form  of  a 
pale  yellow  powder,  soon  becoming  deeper  yellow,  grey,  and  brown,  by 
tlie  addition  of  arsenite  of  potassa,  or  arsenite  of  ammonia,  to  nitrate 
of  silver. 

Arsenious  acid  only  produces  a white  cloud  in  solution  of  nitrate 
of  silver,  but  the  yellow  arsenite  falls  on  the  subsequent  addition  of  a 
small  quantity  of  alkali.  This  salt  retains  its  yellow  color  when  carefully 
dried;  it  becomes  brown  on  exposure  to  light:  at  a red-heat  in  a glass 
tube  it  gives  off  arsenious  acid,  and  a mixture  of  arseniate  of  silver^  and 
metallic  silver  remains:  upon  charcoal  before  the  blow-pipe  it  leaves  a 
globule  of  silver:  it  is  insoluble  in  water,  but  soluble  in  nitric  acid,  and 
in  ammonia,  when  recently  precipitated.  (Marcet,  Ann.  Phil..,  iii.  23G.) 
It  is  not  convertible  into  arseniate  of  silver  by  boiling  nitric  acid. 
(Laugier,  Journ.  de  Vharm..,  xi.  487.) 

Arseniate  of  Silver,  3Ag0,As05,  is  thrown  down  from  nitrate  of 
silver  by  arsenic  acid  and  by  the  soluble  arseniates,  of  a reddish-brown  color. 
Before  the  blow-pipe  this  compound  evolves  oxygen  and  arsenious  acid, 
and  arsenical  silver  remains.  Heated  in  a retort,  it  fuses,  and  by  the 
protracted  action  of  a high  red-heat,  yields  metallic  silver;  it  is  insoluble 
in  Avater,  but  soluble  in  aqueous  ammonia;  it  dissolves  in  nitric  acid,  and 
ill  acetic  acid:  it  is  an  anhydrous  tribasic  salt,  composed  of 

Smithson. 

Oxide  of  silver  ....  3 ....  348  ....  75*10  ....  70*09 

Arsenic  acid  1 ....  115  ....  24*84  ....  23*31 

Arseniate  of  silver  1 403  100*00  100*00 

Molybdate  of  Silver  is  precipitated  in  the  form  of  a ivliite  poivder, 
insoluble  in  water.  Tungstate  of  Silver  is  thrown  down  from  nitrate 
of  silver  by  the  alkaline  hitungstates,  in  the  form  of  an  anhydrous  ivliite 
poAvder  rrAg0,2W03.  (Anthon.) 

CiiROiAiATE  OF  SiLVER,  AgO,Cr03,  is  precipitated  of  a crimson  color 
by  mixing  solutions  of  chromate  of  potassa  or  soda  and  nitrate  of  silver. 
It  soon  loses  its  brilliant  tint  and  becomes  broAvn.  It  is  obtained  dark- 
green  and  crystalline  by  boiling  bichromate  of  silver  in  AAmter,  and  by 
exposing  an  ammoniacal  solution  of  the  bichromate,  it  separates  in  the 
form  of  a dark-green  brilliant  crust,  Avhich  becomes  red  by  trituration. 
It  is  insoluble  in  cold,  and  very  little  soluble  in  hot  water;  it  is 
soluble  in  ammonia,  and  in  nitric  acid:  hydrochloric  acid  decomposes  it, 
and  forms  chloride  of  silver:  heat  resolve.s  it  into  oxide  of  chromium  and 
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metallic  silver.  It  forms  a double  salt  u’itli  ammonia,  and  is  Soluble  in 
solution  of  chromate  of  potassa:  it  consists  of 

AVarington. 

Oxide  of  silver  ....  1 ....  lid  ....  CiO-Oa  ....  08-57 

Chromic  acid  1 ....  52  ....  30-85  ....  30-70 

Chromate  of  silver  1 108  100-00  99-33 

Bichromate  or  Sila^er.  Ag0,2Cr03.  When  a plate  of  silver  is 
immersed  in  a mixture  of  3 parts  of  a solution  of  chromate  or  of  bichro- 
mate of  potassa  Avith  3 or  4 of  oil  of  Aotriol,  it  becomes  covered  Avith  red 
crystals,  Avhich  are  successively  formed  upon  fresh  surfaces,  the  silver- 
being  oxidized  at  the  expense  of  a portion  of  chromic  acid,  so  that  oxide 
of  chromium  is  formed,  yielding  at  first  a broAvn  and  then  a green  solu- 
tion, Avhich  contains  chrome-alum.  Bichromate  of  silver  is  also  precipi- 
tated by  adding  bichromate  of  potassa  to  an  acid  solution  of  nitrate  of 
silver.  It  forms  small  plates  and  prisms,  sparingly  soluble  in  Avater,  of  a 
red  color,  and  soluble  in  nitric  acid  and  in  aqueous  ammonia:  Avhen 
boiled  in  AA-ater  it  is  resolved  into  dark-green  neutral  chromate  and  an 
acid  solution,  Avhich,  on  cooling,  again  deposits  crystals  of  bichromate. 
(Warington.  riiil.  Mag.  and  Jonrn.^  xi.  489.)  Before  the  bloAv-pipe, 
bichromate  of  silver  yields  a dark-green  bead,  and  by  a continuous  Avhite- 
heat,  is  resolved  into  silver  and  oxide  of  chromium.  Its  components  are 

AA’'arington. 


Oxide  of  silver  

1 .... 

IIG  . 

...  52-73  ., 

..  52-95 

Chromic  acid 

2 .... 

104  . 

...  47*27  .. 

..  46-80 

Bichromate  of  silver 

1 

220 

100-00 

99-75 

Antimoniate  and  Columbate  of  Silver  are  insoluble  Avhite  poAvders. 


Tellurate  of  Silver,  AgO,Te03,  falls  as  a dark  yelloAV  precipitate 
on  mixing  concentrated  solutions  of  nitrate  of  sih-er  and  tellurate  of 
potassa:  it  forms  a colorless  solution  Avith  aqueous  ammonia:  Avhen 
boiled  in  Avater,  it  yields  a broAvn  sesquibasic  salt  — 3Ag0,2rc03,  and 
an  acid  salt  remains  in  solution.  When  the  ammoniacal  solution  of  the 
above  tellurate  is  mixed  Avith  an  ammoniacal  solution  of  nitrate  of  silver 
and  CA'aporated,  it  leaves  a dark-broAvn  triliasic  salt  3AgO, Ie03. 
This  salt  is  also  throAAUi  doAAm  on  the  addition  of  a solution  of  bitellurate 
of  potassa,  to  a A^ery  dilute  solution  of  nitrate  of  silver.  (Berzelius.) 


Alloys  of  Sila'er.  The  compounds  of  silA^er  Avith  sodium^ 

and  other  light  metals,  have  not  been  minutely  examined:  Davy  com- 
bined potassium  Avith  silver,  and  formed  an  alloy  Avhich  decomposed 
Avater;  Serullas,  by  exposing  a mixture  of  silver  and  tartar  to  a red-heat, 
could  obtain  no  alloy.  Sih-er  has  not  been  alloyed  Avith  manganese.  It 
unites  difficultly  Avith  iron  : Avhen  fused  Avith  iron,  the  alloy  sepaiates 
into  silver  retaining  about  one-thirtieth  of  iron,  and  iron  retaining  about 
one-eightieth  of  sih-er;  the  latter  has.a  peculiar  hard  and  crystalline  tex- 
ture. (IMora'eau,  Journ.  de  r/ij/s.^  1788.)  V hen  silver  and  .s7cc/  are 
fused  together,  an  alloy  is  formed,  Avhich  appears  perfect  Avhile  in  fusion, 
but  globules  of  silver  exude  from  it  on  cooling,  Avhich  shoAvs  the  AAcak 
attraction  of  the  metals.  At  a very  high  temperature,  the  gieatci  pait 
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of  the  silver  evaporates,  hut  a portion  equal  to  about  1 in  500  remains, 
forming  a perfect  alloy,  well  adapted  to  the  formation  of  cutting  instru- 
ments, but  subject  to  rust  from  galvanic  action.  (Stodart  and  Fara- 
day, Quar.  Journ.^  ix.)  According  to  Eisner,  the  improvement  in  the 
quality  of  the  steel  is  not  referable  to  combination  with  silver,  but  depends 
upon  increase  of  density  as  a consequence  of  the  fusion,  and,  as  Gmelin 
suggests,  possibly  upon  the  abstraction  of  alumlum  from  the  crucible. 
Eisner  fused  a portion  of  cast  steel  (a)  in  a covered  crucible;  he  then 
repeated  the  fusion  with  l-500th  of  silver  (;8),  and  found  both  samples 
to  possess  the  same  properties:  both  were  mottled  or  damasked,  and  both 
acquired  the  same  fracture  and  characters  when  hardened:  the  sp.  gr.  of 
a before  hardening  was  8*0923;  after  hardening,  7’7847:  the  sp.  gr.  of 
(3  before  hardening,  was  8*0227,  and  after  hardening,  7*9024.  In  a 
there  was  per  cent,  of  carbon,  and  in  1*659  per  cent.  (^Joiirn. 

Prakt.  Chem.,,  xx.  110.  L.  Gmelin.  Handbuch,,  iii.  651.)  Silver 
readily  combines  with  zinc,,  producing  a brittle  bluish-white  granular 
alloy.  When  an  alloy  of  11  of  zinc  and  1 of  silver  is  highly  heated  in 
an  open  crucible,  it  burns,  and  the  whole  of  the  silver  is  sublimed  with 
the  oxide  of  zinc.  When  a plate  of  zinc  is  immersed  in  nitrate  of  silver, 
this  alloy  is  also  formed ; it  is  difficultly  fusible  in  consequence  of  the 
interposition  of  oxide  of  zinc.  (Fischer.)  With  tin  silver  forms  a white 
hard  brittle  alloy.  Silver  made  standard  by  tin  is  brittle,  and  does  not 
ring  well.  (Hatchett,  Phil.  Trans.,,  1803.)  The  best  mode  of  sepa- 
rating tin  from  silver  consists  in  mixing  the  filings  of  the  alloy  with  cor- 
rosive sublimate  and  distilling.  (Berzelius.)  The  alloy  with  cadmium 
has  not  been  described.  When  cobalt  and  silver  are  fused  together,  the 
metals  separate  on  cooling,  each  retaining  a small  portion  of  the  other; 
the  silver  is  rendered  brittle,  and  the  cobalt  white.  (Gellert.)  The 
alloy  of  silver  and  nickel  is  malleable,  but  difficultly  and  imperfectly 
formed.  (Lampadius.)  The  alloy  with  copper  constitutes  plate  and  coin*: 


* Table  of  the  Weight,  Value,  fee.  of  Bkitish  Silver  Coin. 


Allow- 
ance 
for  the 
current 

wear. 

Remedy  by 
Indenture 
i6Aug.  1817, 
above  or  bel. 
Standard. 

Working  remedy  for  the 
Moneyers  by  Mint  Regulation. 

A « 

Number  of  Pieces  in 

Standard 

Fine  Silver 

On 
each 
piece 
abv.  or 
below 
Stand. 

Legal 

:ten- 

der. 

Standard 

the  lb.  troy. 

weight  of 
each  piece. 

in  each 
piece. 

-W 

A 

to 

<v 

(A 

(A 

O' 

C 

E 

Heaviest 

piece. 

Lightest 

piece. 

■weight  in 
troy  grains. 

792 

Pence  

dt. 

gr- 

7'27 

14-54 

dt. 

gr. 

6-72 

13'45 

dwt. 

1 

dwt. 

1 

gr. 

-03 

•06 

dt. 

gr. 

7-30 

14-60 

dt. 

00 

gr- 

7-272 

14-545 

396 

T wopences  . . 

2 ^ 
-S  SP 
-s  ‘® 

. 

264 

Threepences  . 

• 

21-81 

• 

20-18 

'j- 

a S 

-09 

. 

-21-90 

. 

-21-72 

21-818 

198 

Fourpences  . . 

1 

5-09 

1 

2-90 

^ A 
r*  S 

rH  TO 

-12 

1 

5-21 

1 

4 97 

29-090 

132 

Sixpences  

1 

19-63 

1 

16-36 

"s 

CK!  .ri 

-18 

1 

19.81 

1 

19-45 

40^. 

43-636 

66 

Shillings  .... 

3 

15-27 

3 

8-72 

C/)  ^ 

-36 

3 

15-63 

3 

14-90 

87-172 

26  & 
1 Sh. 
13  & 

1 Sh. 

I^-Crowns  o . 
1 Crowns  .... 

9 

18 

2-18 

4-36 

8 

16 

9-81 

19-63 

O ^ 

<4 

-90 

1-81 

9 

18 

3-09 

5-18 

9 

18 

T27 

2-54 

218-111 

436-303 

The  assays  of  silver  are  reported  in  ounces  and  dwts. ; the  lowest  is  ^ dwt. 
Deliveries  of  Coin  are  made  by  the  Moneyers,  to  the  Mint  office,  in  journey-weights,  each 

journey  = 60  lbs.  troy,  in  value  ^198. 
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by  the  addition  of  a small  proportion  of  copper  to  silver,  the  metal  is  ren- 
dered harder  and  more  sonorous,  while  its  color  is  scarcely  impaired. 
Even  with  equal  weights  of  the  two  metals,  the  compound  is  white:  the 
maximum  of  hardness  is  obtained  when  the  copper  amounts  to  one-fifth 
of  the  silver.  Tlie  standard  silver  of  this  country  consists  of  pure 

silver,  and  copper,  or  IMO  silver  and  0-90  copper.  A pound  troy, 
therefore,  is  composed  of  11  oz.  2 dwts.  pure  silver,  and  18  dwts.  of  cop- 
per. Its  density  is  10*3;  its  calculated  density  is  10-5 ; so  that  the  metals 
dilate  a little  on  combining.  The  French  standard  for  silver  coin  is  con- 
stituted of  9 silver  and  1 copper.  The  silver  coins  of  the  ancients,  and 
many  Oriental  silver  coins,  are  nearly  pure ; they  only  contain  traces  of 
copper  and  of  gold.  When  silver  alloyed  by  copper,  such  as  standard 
silver,  is  exposed  to  a red-heat  in  the  air,  it  becomes  black  from  the  for- 
mation of  a superficial  film  of  oxide  of  copper;  this  may  be  removed  by 
immersion  in  hot  diluted  sulphuric  acid,  and  a film  of  pure  silver  then 
remains,  of  a beautiful  whiteness:  this  is  called  blanched^  or  dead  silver; 
the  blanks  for  coin  are  treated  in  this  way  before  they  are  struck,  whence 
the  whiteness  of  new  coin,  and  the  darker  appearance  of  the  projecting 
portions  occasioned  by  wear,  in  consequence  of  the  alloy  showing  itself 
beneath  the  pure  surface;  articles  of  plate  are  often  deadened,  or  rnatied^ 
by  boiling  in  bisulphate  of  potassa  {sal  enixunri)^  which  acts  in  the  same 
way  as  the  dilute  sulphuric  acid.  When  an  alloy  of  silver  and  copper 
containing  78  'per  cent,  or  more  of  silver  is  immersed  in  solution  of  nitrate 
of  silver,  it  produces  no  metallic  precipitation:  when  there  is  less  silver 
in  the  alloy,  it  gradually  reduces  the  silver  in  the  solution,  and  the  rapidity 
of  this  effect  increases  wdth  the  preponderance  of  the  copper.  (Karsten.) 
Lead  and  silver  form  a very  brittle  dull-colored  alloy,  from  which  the  lead 
is  easily  separated  by  cupellation  (p.  859).  When  fused  lead  containing 
silver  is  suffered  to  cool  slowly,  the  lead  which  first  concretes  forms  gra- 
nular crystals  and  is  nearly  pure,  while  almost  the  whole  of  the  silver  is 
contained  in  the  liquid  portion;  in  this  way  the  separation  of  the  two 
metals  may  to  a certain  extent  be  effected,  especially  upon  the  large 
scale.  Aniwiony  forms  a brittle  white  alloy,  the  density  of  which  exceeds 
the  mean  of  its  components;  the  greater  part  of  the  antimony  evaporates 
during  protracted  fusion,  and  the  whole  may  be  separated,  in  the  form  of 
oxide,  by  roasting.  There  is  a rare  ore  found  in  Spain,  and  Suabia, 
{anthnonial  silver^  which  has  a wEite  metallic  lustre,  and  contains  77 
per  cent,  of  silver,  and  23  of  antimony;  its  density  is  9’82:  it  appears  to 
be  Ag4,Sb:  another  variety  from  Wolfach,  yielded  84  silver  and  16  anti- 
mony=Ag6,Sb,  (Klaproth.)  Bisninlh  and  silver  may  be  combined  by 
fusion;  the  alloy  is  brittle,  yellow-white,  and  lamellar;  its  density  ex- 
ceeds the  mean;  the  density  of  an  alloy  of  equal  weights  of  bismuth  and 
silver  is  10’7*  The  alloys  wdth  uranium^  titanium^  and  cerium.^  are  not 
known.  The  argentiferous  ielluriwn^  from  Nagyag,  contains  about  62 
per  cent,  of  silver  and  38  of  tellurium:  it  appears  therefore  to  be  AgTe. 
(G.  Rose.  Poggend.,  xviii.  64.)  When  silver  and  arsenic  are  fused 
together,  an  alloy  is  formed,  composed  of  100  silver  + 16  arsenic.  (Geii- 
LEN.)  It  is  grey,  brittle,  granular,  and  by  long  fusion  great  part  of  the 
arsenic  evaporates;  it  may  be  entirely  got  rid  of  by  roasting.  Ferro-arse- 
nuret  of  silver  is  found  native  at  Andreasberg,  in  the  Ilartz.  (Klaproth, 
Beitrage,  i.  187.)  4 parts  of  silver  and  2 of  molybdenum  were  strongly 
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heated,  hut  did  not  yield  a button;  by  continuing  the  heat  a portion  of 
the  silver  eliquated,  still  retaining  a part  of  the  molybdenum,  and  be- 
coming bluish  when  heated;  the  residuum  being  again  melted  in  char- 
coal became  more  compact,  was  brittle,  grey,  and  granular.  (Tiiosison.) 
1 part  of  silver  with  2 of  molybdenum  forms  a grey,  granular,  brittle 
alloy.  (L.  Gmelin.)  The  alloys  of  chromium  and  vanadium  are  unknown. 
100  parts  of  silver  and  50  of  tungstic  acid^  strongly  heated  Avith  charcoal, 
gave  a broAvn  button,  slightly  malleable,  Aveighing  142  grains.  (Thomson.) 
Silver  amalgamates  easily  Avith  mercury : Avhen  red-hot  silver  is  throAvn 
into  heated  mercury  it  dissolves,  and  Avhen  8 parts  of  mercury  and  1 of 
silver  are  thus  combined,  a granular  crystalline  soft  amalgam  is  obtained, 
the  density  of  AAdiich  exceeds  the  mean  of  its  components;  Avhen  a solu- 
tion of  this  amalgam  in  liquid  mercury  is  squeezed  through  chamois  lea- 
ther, the  excess  of  mercury,  retaining  only  a trace  of  silver,  goes  through, 
and  the  solid  amalgam  is  left  behind.  This  amalgam  exists  native  in 
octohedral  and  dodecahedral  crystals,  Amrying  in  composition:  a variety 
from  Arqueros,  in  Chili,  contains,  according  to  Domeyto,  {^Comptes  Rendus, 
xiv.  567,)  86*5  per  ce?it.  of  sih^er,  and  is  =:  Ag6,Hg;  the  native  amalgam 
from  Moschellandsberg,  in  the  Palatinate,  contains  about  35  per  cent,  of 
silver,  and  appears  to  be  Ag,Hg2;  and  another  Amriety  from  Allemont 
=:Ag,I-Jg3;  it  contains  about  26  joer  cent,  of  silver.  (Klaproth,  Beitrdge. 
CoRDiER,  Phil.  Mag..,  xiv.  41.)  Amalgam  of  silver  is  sometimes  employed 
iov  plating ; it  is  applied  to  the  surface  of  copper,  and  the  mercury  being 
evaporated  by  heat,  the  remaining  silver  is  burnished.  The  better  kind 
of  plating,  hoAvever,  is  performed  by  the  application  of  a plate  of  silver 
to  the  surface  of  the  copper,  which  is  afterwards  beaten  or  draAvn  out. 
A mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  employed  for  sil- 
vering brass:  the  metal  is  rendered  very  clean,  and  the  above  mixture, 
moistened  AAuth  Avater,  rubbed  upon  its  surface.  Plating  by  metallic  pre- 
cipitation from  an  ammonio-chloride  of  siKer  is  also  frequently  resorted 
to,  and  electro-plating  has  noAV  come  into  very  general  use,  and  is  likely 
to  su]3ersede  the  other  methods,  inasmuch  as  Avhen  the  plating  is  so  far 
Avorn  as  to  show  copper,  it  can  easily  be  recoated. 

Assay  of  Silver.  The  analysis  of  alloyed  silver  is  a very  important 
process,  and  in  continual  practice  by  refiners  and  assayers.  It  may  be 
performed  in  the  humid  AA^ay  by  dissolving  the  alloy  in  nitric  acid,  preci- 
pitating Avith  hydrochloric  acid  or  chloride  of  sodium,  and  either  reducing 
the  chloride  by  potassa  in  the  Avay  above  described,  or  estimating  the 
quantity  of  silver  Avhich  it  contains.  The  usual  method,  hoAveA^er,  Avhich 
is  employed  at  the  Mint,  and  by  the  refiners,  is  cupellation^.  Of  the 
useful  metals,  there  are  three  Avhich  are  capable  of  resisting  the  action  of 
air  at  high  temperatures:  these  are  silver,  gold,  and  platinum;  the  others, 


* Where  great  accuracy  is  requisite, 
the  solution  of  the  alloy,  and  the  precipi- 
tation of  the  silver  in  the  state  of  chloride, 
is  the  method  that  must  be  followed  ; but 
an  experienced  assayer  will  arrive  at  ex- 
tremely close  results  by  cupellation,  and 
where,  as  in  the  London  Mint,  many  assays 
are  often  daily  requisite,  the  humid  process 


could  not  be  adopted  without  serious  inter- 
ruption to  the  business  of  the  establish- 
m.ent.  Where,  as  in  the  French  Mint, 
only  one  degree  of  fineness  is  to  be  esti- 
mated, the  humid  process,  conducted  with 
the  precautions  described  by  Gay  Lussac, 
and  with  the  aid  of  his  apparatus,  is  pre- 
ferable. 
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under  the  same  circumstances,  hecome  oxidized:  it  niiglit,  therefore,  he 
supposed,  that  an  alloy  containing  one  or  more  of  the  first  three  metals, 
'would  suffer  decomposition  by  mere  exposure  to  heat  and  air,  and  that 
the  oxidizahle  metal  would  hum  into  oxide.  This,  howeyer,  is  not  the 
case:  for  if  the  proportion  of  the  latter  he  small,  it  is  protected,  as  it 
were,  hythe  former;  or,  in  other  cases,  a film  of  infusible  oxide  coats  the 
fused  globule,  and  prevents  the  further  action  of  the  air.  These  difficul- 
ties are  overcome  by  adding  to  the  alloy  some  highl}’- oxidizahle  metal, 
the  oxide  of  which  i?,  fusible.  Lead  is  the  metal  usually  selected  for  this 
purpose,  though  bismuth  will  also  answer.  Supposing,  therefore,  that  an 
alloy  of  silver  and  copper  is  to  be  assayed^  or  analyzed  by  cupcUation.,  the 
following  is  the  mode  of  proceeding : — A clean  piece  of  the  metal,  weigh- 
ing about  20  grains,  is  laminated,  and  accurately  weighed  in  a very  sen- 
sible balance.  It  is  then  wrapped  up  in  the  requisite  quantity  of  sheet- 
lead  (pure,  and  reduced  from  litharge),  apportioned  by  weight  to  the 
quality  of  the  alloy  under  examination,  and  placed  upon  a small  cupef 
or  shallow  crucible,  made  of  bone-earth,  which  has  been  previously 
lieated.  The  whole  is  then  placed  within  the  7nujfle^  heated  to  hright- 
redness:  the  metals  melt,  and,  by  the  action  of  the  air  which  plays  over 
the  hot  surface,  the  lead  and  copper  are  oxidized  and  their  fused  oxides 
are  absorbed  by  the  cupel,  and,  if  the  operation  has  been  skilfully  con- 
ducted, a button  of  pure  silver  ultimately  remains,  the  completion  of  the 
process  being  judged  of  by  the  cessation  of  the  oxidation  and  motion 
upon  the  surface  of  the  globule,  and  by  the  very  brilliant  appearance 
assumed  by  the  silver  when  the  oxidation  of  its  alloy  ceases.  The  button 
of  pure  metal  is  then  suffered  to  cool  gradually,  and  its  loss  of  w'cight 
w’ill  be  equivalent  to  the  w'eight  of  the  alloy  which  has  been  separated 
by  oxidation,  a certain  allow^ance  being  made  for  a small  loss  of  sih’^er, 
which  always  occurs,  partly  by  evaporation,  and  partly  carried  oft  w'ith 
the  oxides  wdiich  are  absorbed  by  the  cupel.  To  perform  this  process 
with  accuracy,  certain  precautions  are  requisite,  wdiich  can  only  be  learned 
by  practice,  so  as  to  enable  the  operator  to  gain  uniform  results.  In- 
structions upon  this  subject  Avill  be  found  in  Aikin’s  Chemical  Dic- 
tionary; in  Children’s  Translation  q/ Thenard  on  Chemical  Analysis; 
in  Yauquelin’s  Manuel  de  VEssayeur ; Darget,  Gay  Lussac,  &c.;  and 
in  Dumas’  Chim.  app.  aux  Arts.  (See  also  Levol,  Ann.  Ch.  ct  Ph., 
Sept.  1845.) 


Characters  of  the  Salts  of  Silver.  The  soluble  salts  of  silver 
are  recognised  by  furnishing  a Avhite  precijiitate  Avith  hydrochloric  acid, 
and  the  soluble  chlorides,  AAdiich  blackens  by  exposure  to  light,  and  aaIucIi 
is  soluble  in  ammonia;  and  by  affording  metallic  silver  upon  the  immer- 
sion of  a plate  of  copper.  The  salts  insoluble  in  AA'ater  are  mostly  soluble 
in  liquid  ammonia,  and  in  nitric  acid;  Avhen  heated  on  charcoal  before 
the  blow-pipe,  they  afford  a globule  of  silver.  All  the  salts  of  silver, 
exeepting  those  Avhich  contain  colored  acids,  are  colorless,  provided  they 
have  not  been  exposed  to  light,  or  deoxidizing  agents,  of  the  influence  of 
AA’hicli  they  are  extremely  susceptible.  A yelloAv  precipitate  on  the  addition 
of  common  phosphate  of  soda  and  of  the  soluble  arsenites,  a led-bioAAii 
by  arseniates,  a crimson  Iqy  the  chromates,  and  Avhite  by  feiiocyanide  of 
potassium,  are  further  characteristics  of  the  soluble  salts  of  silver. 
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Tin  and  lead  are  the  most  rapid  precipitants  of  metallic  silver  from 
the  nitrate;  cadmium,  zinc,  copper,  bismuth,  and  antimony,  are  more 
slow  in  their  operation,  and  arsenic  and  mercury  still  more  tardy.  In  all 
cases  the  silver  appears  crystallized:  often  blackish  at  first,  but  after- 
wards assuming  the  metallic  lustre.  It  is  sometimes  alloyed  with  the 
precipitating  metal.  Iron  is  a speedy  reducer  of  the  sulphate  of  silver. 
The  insoluble  salts  of  silver  mixed  with  water  are  also  similarly  decom- 
posed, but  the  operation  is  more  slow.  Chromate  of  silver,  probably  on 
account  of  its  insolubility,  is  extremely  slowly  reduced ; cadmium  is  the 
most  effective  metal  for  the  purpose.  Chloride  of  silver  is  rapidly  reduced 
by  most  of  the  metals  which  form  soluble  chlorides,  such  as  zinc,  iron, 
cadmium,  cobalt,  and  arsenic ; lead,  nickel,  copper,  antimony,  and  mer- 
cury, act  slowly;  and  tin  and  bismuth  are  very  feeble  in  their  action. 
Zinc,  copper,  and  arsenic,  rapidly  reduce  the  ammoniacal  solution  of 
oxide  of  silver.  Of  all  the  metallic  precipitants  zinc  and  cadmium  are 
the  most  effective;  but  when  zinc  or  antimony  are  used,  the  separated 
silver  contains  those  metals. 


§ XXXII.  GOLD.  Au.  200. 

Gold  has  been  known  from  the  remotest  ages ; it  is  the  Sol  of  the 
alchemists,  and  they  represented  it  by  the  circle  Q,  which  is  also  the 
emblem  of  perfection.  Its  chemical  history  has  not  been  so  satisfactorily 
worked  out  as  that  of  most  of  the  other  metals.  The  best  earl}'"  autho- 
rity upon  it  is  Lewis  (^Philosophical  Commerce  of  the  Arts) ^ and  as  regards 
most  of  its  important  alloys,  Mr.  Hatchett’s  Experiments  and  Observa- 
tions on  the  Alloys^  Specific  Gravity^  and  Comparative  Wear  of  Gold 
(Phil.  Tratis.,  1803),  must  be  consulted. 

Gold  occurs  in  nature  in  a metallic  state  alloyed  with  silver  or  copper, 
and  in  this  state  it  is  called  native  gold.  It  also  occurs  in  combination 
with  tellurium,  and  is  occasionally  disseminated  through  iron  pyrites, 
which  from  electrical  action  is  generally  passing  into  oxide  of  iron.  The 
color  of  native  gold  is  various  shades  of  yellow;  it  is  either  massive, 
ramose,  or  crystallized  in  cubes  and  octohedra.  In  these  varieties  of 
gold  the  proportion  of  silver  fluctuates  between  8 and  70  per  cent. 
(Boussingault.)  The  veins  of  gold  are  confined  to  primitive  countries, 
but  large  quantities  of  this  metal  are  collected  in  alluvial  soils,  and  in  the 
beds  of  certain  rivers,  more  especially  those  of  the  west  coast  of  Africa, 
and  of  Peru,  Brazil,  and  Mexico,  in  America.  In  Europe,  the  streams 
of  LIungary  and  Transylvania  have  afforded  a respectable  quantity  of 
gold;  it  has  been  found  also  in  the  Phine,  the  Rhone,  and  the  Danube. 
In  Asia  large  quantities  of  gold  have  been  found  in  the  district  of  the 
Ural  Mountains.  Small  quantities  have  been  collected  in  Cornwall,  and 
in  the  county  of  Wicklow  in  Ireland.  It  is  generally  found  in  small 
nodules  and  grains,  but  sometimes  it  occurs  in  masses  of  considerable 
magnitude,  and  weighing  several  pounds : in  1806  one  of  these  Avas 
found  in  the  Ural  weighing  26  pounds,  and  in  1842  a similar  mass  Avas 
discovered  Aveighing  no  less  than  83  pounds.  Gold  is  usually  separated 
from  the  ore  or  matrix  through  which  it  is  disseminated,  by  mechanical 
division,  grinding,  and  elutriation ; and  Avhere  it  is  disseminated  in 


GOLD. 


1037 


small  grains  or  filaments,  mercury  is  applierl,  so  as  to  form  an  amalgam, 
Avliicli  is  pressed  tlirougli  fine  leatlier  to  deprive  it  of  excess  of  mercury, 
and  distilled  so  as  to  leave  the  gold,  generally  with  more  or  less  silver, 
behind. 

Gold  may  he  obtained  pure  by  dissolving  standard  gold  in  iiitro- 
liydrochloric  acid,  (composed  of  1 part,  by  weight,  of  nitric,  and  2 of 
hydrochloric  acid,)  evaporating  the  solution  to  dryness,  (by  a gentle  heat 
towards  the  end  of  the  process,)  redissolving  the  dry  mass  in  distilled 
water,  filtering,  acidulating  by  hydrochloric  acid,  and  adding  a solution 
of  protosulphate  of  iron;  a brown  powder  falls,  which  after  having 
been  washed  with  dilute  hydrochloric  acid  and  distilled  water,  affords, 
on  fusion  with  a little  borax  or  other  suitable  flux,  a button  of  pure  gold: 
for  the  purpose  of  solution,  gold  may  conveniently  be  kept  in  the  pul- 
verulent state,  as  it  originally  falls  from  the  acid  liquor.  If  the  solution 
from  which  the  gold  is  precipitated  is  extremely  dilute,  it  acquires  on  the 
first  addition  of  the  salt  of  iron  a beautiful  blue  tint  when  viewed  by 
transmitted  light,  and  appears  reddish  by  reflection.  The  protosulphate 
of  iron  is  not  only  a very  delicate  test  of  the  presence  of  gold,  producing 
a blue  tint  in  a solution  containing  not  more  than  a 60,000th  part  of  the 
metal,  but  it  also  throws  the  whole  of  it  down. 

Gold  is  of  a deep  and  peculiar  yellow  color.  It  melts  at  a bright 
red-heat,  equivalent,  according  to  Daniell,  to  2016°  of  Fahrenheit’s  scale, 
and  when  in  fusion  appears,  of  a brilliant  greenish  color:  as  it  solidifies 
it  contracts  in  bulk,  and  by  very  slow  cooling  was  obtained  by  Tillet  and 
Monge  in  short  quadrangular  pyramidal  crystals.  Its  specific  gravity,  in 
its  least  dense  state,  after  fusion,  is  I9'2;  by  hammering  and  rolling  it 
may  be  brought  up  to  19*3  or  19*4,  or  even,  according  to  Berzelius,  to 
19*65.  Its  specific  heat  is  — : 0*03244:  (Regnault.)  0*0298  (Dulong 
and  Petit.)  It  is  so  malleable,  that  it  may  be  extended  into  leaves 
which  do  not  exceed  one  two  hundred  and  eighty-two  thousandth  of  an 
inch  in  thickness,  or  a single  grain  may  be  extended  over  56  square 
inches  of  surface.  This  extensibility  of  the  metal  is  well  illustrated  by 
gilt  buttons,  144  of  which  are  well  gilt  by  5 grains  of  gold,  and  less  than 
even  half  that  quantity  is  adequate  to  giving  them  a very  thin  coating.  It 
is  also  so  ductile  that  a grain  may  be  drawn  out  into  500  feet  of  wire. 
Reaumur,  by  rolling  out  a fine  silver-gilt  wire,  reduced  the  coating  of 
gold  to  the  12  millionth  of  an  inch  in  thickness,  and  yet  under  the 
microscope  no  imperfection  could  be  perceived  in  it.  According  to 
Fournet,  powdered  gold  admits  of  being  welded  into  a bar  by  an  opera- 
tion similar  to  that  by  which  platinum  is  forged.  {Ann.  Ch.  el  Ph., 
Lxxv.  435.)  It  may  be  kept  for  several  hours  in  fusion  in  a common 
furnace  without  perceptible  loss  of  weight  by  evaporation;  but  when 
subjected  to  the  intense  heat  of  the  solar  rays  condensed  upon  it  by  a 
large  and  perfect  lens,  or  when  submitted  to  the  heat  of  the  voltaic  arc 
of  flame,  or  even  to  the  jet  of  the  oxyhydrogen  blow-pipe  directed  upon 
charcoal,  it  affords  evidence  of  volatility.  It  shows  no  tendency  to  unite 
to  oxygen  when  exposed  to  its  action  in  a state  of  fusion ; if  an  electric 
discharge  be  passed  through  a very  fine  wire  of  gold,  a purple  powder  is 
produced,  which  has  been  by  some  considered  as  an  oxide,  by  others  as 
only  finely-divided  gold.  The  pure  acids  have  scarcely  any  or  no  action 
upon  pure  gold;  neither  has  sulphur  or  sulphuretted  hydrogen;  chlorine. 
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iodine,  bromine,  and  fluorine?  on  the  contrary,  are  capable  of  acting 
upon  it ; the  agent  commonly  resorted  to  for  dissolving  it  is  chlorine, 
generally  in  the  form  of  nitrohydrochloric  acid,  or  aqua  regia.  The 
combinations  of  oxide  of  gold  -with  the  alkalis,  and  the  double  salts  which 
it  forms,  are  also  important  features  in  the  history  of  this  metal,  and 
have  very  extensive  and  interesting  applications  to  the  arts;  such  solu- 
tions are  largel}^  used  for  the  pur]30ses  of  gilding  copper  and  other  metals, 
and  have  almost  entirely  superseded  the  old  and  pernicious  practice  of 
7vater-gilding^  as  it  was  termed,  in  which  mercury  is  used  as  the  solvent. 

There  is  considerable  difficulty  in  determining  the  equivalent  of  gold, 
in  consequence  of  the  indefinite  character  of  its  protocompounds:  hence 
Gmelin,  who  originally  adopted  the  number  66  as  its  equivalent,  now 
employs  199;  Graham  99*6;  Thomson  100;  and  Turner  199'2.  Fol- 
lowing Dr.  Turner  in  the  view  which  he  takes  of  the  atomic  constitution 
of  the  oxides  and  chlorides  of  gold,  I have  assumed  200  as  its  equiva- 
lent, a number  not  inconsistent  Avith  that  deduced  from  its  specific  heat 

(p.  02). 

Protoxide  of  Gold.  Aurous  Oxide.  AuO,  is  obtained,  according 
to  Figuier  (A?in.  Ch.  et  Ph.,  Juillet,  1844),  1.  By  adding  a solution  of 
nitrate  of  suboxide  of  mercury  to  a neutral  solution  of  perchloride  of 
gold,  and  if  necessary  boiling  the  mixture:  AuCl3  + 2 []Hg2  0,N05^=r: 
AuO -pSIIgCl + IIgO,2NOti : the  nitrate  must  not  be  in  excess,  as  in 
that  case  calomel  Avould  also  be  formed.  2.  Evaporate  a solution  of 
perchloride  of  gold  to  dryness,  and  stir  the  residue  till  it  acquires  a yelloAv 
color,  taking  care  that  the  temperature  never  exceeds  300°;  caustic  potassa 
is  then  added,  and  protoxide  of  gold  separates,  the  liquid  becoming  deep 
yellow  in  consequence  of  the  solution  of  a part  of  the  oxide  in  the 
alkali:  if  this  be  filtered,  and  nitric  acid  added  so  as  exactly  to  saturate 
the  potassa,  hydrated  protoxide  of  gold  falls. 

Protoxide  of  gold  is  of  a dark  violet  color,  appearing  almost  black 
when  in  the  state  of  hydrate:  it  is  not  decomposed  till  heated  to  above 
480°,  when  it  loses  oxygen:  it  is  insoluble  in  Avater  and  alcohol:  hydro- 
chloric acid  converts  it  into  metallic  gold  and  perchloride;  this  reaction 
is  instantaneous  at  a boiling  temperature : hydriodic  acid,  in  contact  Avith 
protoxide  of  gold,  acquires  a deep  yelloAV  color,  a yelloAA^-green  protiodide 
of  gold  is  deposited,  and  the  liquid  is  a solution  of  the  protiodide  in 
hydriodic  acid;  if  boiled,  iodine  is  evolved  and  gold  precipitated:  the 
action  of  hydrobromic  acid  resembles  that  of  the  hydriodic.  Protoxide 
of  gold  is  soluble  in  nitrohydrochloric  acid;  insoluble  in  nitric,  sulphuric, 
and  acetic  acids;  potassa  and  soda  only  dissolve  it  in  its  nascent  state; 
Avith  ammonia  it  forms  a purple  detonating  compound.  This  oxide  has 
not  the  instability  ascribed  to  the  protoxide  of  gold  by  Berzelius;  it 
requires  a someAvhat  higher  temjierature  for  its  decomposition  than  the 
peroxide,  and  is  not  affected  by  light,  nor  is  it  affected  by  alcohol,  acetic, 
or  tartaric  acid:  in  its  nascent  state  it  is  sometimes  (not  alAAuys?)  Amry 
sparingly  soluble  in  AAuter,  giving  a violet  solution,  Avhich,  hoAVCA'Cr, 
deposits  its  oxide  in  a few  days,  or  immediateiy  if  a soluble  salt  be  added 
to  it.  The  oxide  of  gold  described  by  Berzelius  as  an  olive-colored  poAV- 
der  of  extreme  instability,  is,  according  to  Figuier,  a mixture  of  protoxide 
and  metallic  gold. 
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Protoxide  of  gold  consists  of 

_ , , ncrzcliiis.  Figuier. 

1 ....  200  ....  90-I5  ....  on-9‘i 

Oxygen l ....  8 ....  :v85  ....  8-87  !.’!  8-77 

Protoxide  of  gold  1 208  lOO’OO  lOO’OO  100  00 

Deutoxide  of  Gold.  The  existence  of  this  steji  of  oxidizement  Is 
very  doubtful : it  is  stated  to  be  the  product  of  the  combustion  of  gold  by 
electricity,  as  when  a powerful  electric  battery  is  discharged  through  a 
fine  wire  or  leaf  of  gold:  in  these  cases  it  is  dissipated  into  a purple 
powder,  which  has  been  called  the  purple  oxide  of  gold,  but  it  is  probably 
either  the  metal  in  a state  of  very  minute  division,  or  the  protoxide. 


Peroxide  of  Gold.  Auric  Oxide.  Auric  Acid.  Au03.  Ac- 
cording to  lAlletier,  tlie  best  process  for  obtaining  peroxide  of  gold  con- 
sists in  the  decomposition  of  the  perchloride  by  magnesia,  washing  the 
precipitate  with  dilute  nitric  acid  to  remove  any  excess  of  the  precipitant, 
and  drying  it  at  a very  low  heat.  Oberkampf  uses  potassa  for  the  decom- 
position of  the  perchloride,  but  in  that  case  the  oxide  is,  according  to 
Pelletier,  never  free  from  alkali.  Wagner  suggests  the  following  as  the 
most  certain  process  for  procuring  peroxide  of  gold.  Dissolve  1 part  of 
gold  in  nitrohydrochloric  acid,  render  it  neutral  by  evaporation,  and 
redissolve  in  12  parts  of  water;  to  the  solution  add  1 part  of  carbonate 
of  potassa  dissolved  in  twice  its  weight  of  water,  and  digest  at  about 
170°;  carbonic  acid  gradually  escapes,  and  the  hydrated  peroxide,  of  a 
brownish' red  color,  subsides;  after  being  well  washed,  it  is  dissolved  in 
colorless  nitric  acid  of  the  specific  gravity  P4,  and  the  solution  decom- 
posed by  admixture  with  water;  the  hydrated  peroxide  is  thus  obtained 
rpiite  pure,  and  is  rendered  anhydrous  by  exposure  to  a temperature  of 
212^.  {Turners  Chemislryd)  In  this  anhydrous  state  it  is  nearly  black, 
insoluble  in  water,  and  decomposed  either  by  exposure  to  solar  light  or 
])y  heat.  It  is  soluble  in  hydrochloric  acid,  forming  the  common  solution 
of  gold;  and  it  dissolves  in  sulphuric  and  in  nitric  acid,  but  the  affinity  is 
here  so  weak  that  the  solutions  are  decomposed  by  dilution  with  water, 
and  yield  no  saline  compound  when  evaporated  with  the  utmost  caution. 
These  properties  led  Pelletier  to  examine  the  action  of  alkalis  upon  this 
oxide,  and  he  found  that,  digested  in  a solution  of  caustic  potassa,  it  was 
dissolved;  it  also  combines  with  baryta;  in  these  cases  it  performs 
the  part  of  a weak  acid.  Boiled  Avith  chloride  of  potassium  or  sodium, 
a yelloAV  solution  results,  Avhich  is  alkaline,  and  contains  chloride  of  gold 
and  aurate  of  potassa  or  soda.  This  oxide  consists  of 


Gold  1 

Oxygen  8 


Berzelius.  Obei-kamiif. 
200  ....  80-3  ....  80-28  ....  OO-.O 

24  ....  10-7  ....  10-77  ....  0 1 


Peroxide  of  gold  1 224  lOO'O  100-00  lOO’O 

According  to  Figuier  there  is  a higher  oxide  of  gold,  AuOo,  Avhieh  he 
has  termed  perauric  acid,  formed  by  boiling  auric  acid  in  solution  of 
potassa;  a peraurate  of  potassa  and  protoxide  of  gold  are  the  results: 
KG  -f  2Au03  = AuO  + KO.AuOo. 

AuCl.  When  perchloride  of  gold  Is 


Protociiloride  of  Gold. 
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placed  on  a sand-heat  in  a porcelain  capsule,  and  exposed,  under  frequent 
stirring,  to  the  temperature  of  melting  tin,  till  it  no  longer  evolves  chlorine, 
a pale  yellow  saline  mass  remains,  which,  unless  it  contains  undecomposed 
perchloride,  is  not  soluble  in  water:  it  may  be  preserved  unchanged  whilst 
dry,  but  in  contact  of  water  it  gradually  changes  into  perchloride  and 
metallic  gold : this  decomposition  of  the  protochloride  is  instantaneous 
when  boiling  water  is  poured  upon  it,  2 parts  of  metallic  gold  being  sepa- 
rated for  1 that  is  held  in  solution.  (Berzelius.)  It  consists  of 


Berzelius. 

Gold 1 ....  200  ....  84-75  ....  84-9 

Chlorine  1 ....  36  ....  15-25  ....  15-1 


Protochloride  of  gold  1 236  100*00  100-0 

Perchloride  of  Gold.  AuCl3.  When  gold  in  a state  of  minute 
division  is  heated  in  chlorine,  a compound  of  a deep-yellow  color  results. 
Gold-leaf  also  dissolves  easily  in  a strong  aqueous  solution  of  chlorine, 
and  affords  a similar  compound  on  evaporation.  The  common  solvent  of 
gold,  however,  for  the  purpose  of  obtaining  the  chloride,  is  the  nitrohydro- 
chloric  acid  : Au-1-N05 -fSPIClrz:  AuCl3-{-3HO -1-N02.  By  evapora- 
tion, the  saturated  solution  affords  prismatic  crystals  of  a deep  orange- 
color,  very  deliquescent,  fusible,  and  then  decomposed  by  heat,  yielding, 
at  first  the  protochloride,  and  ultimately,  pure  gold.  It  is  said,  that, 
when  heated,  a very  minute  portion  of  the  metal  also  passes  off  with  the 
chlorine  and  water.  When  concentrated  sulphuric  acid  is  poured  into  a 
strong  solution  of  this  compound,  it  causes  a precipitation  of  anhydrous 
chloride  of  gold.  The  color  of  its  aqueous  solution  varies;  if  neutral  and 
concentrated  it  is  nearly  red  (Leo  ruber  of  the  alchemists) ; if  dilute,  or 
acid,  it  is  yellow.  It  has  a rough  bitterish  taste,  and  its  effects  upon  the 
system  resemble  those  of  corrosive  sublimate. 

The  solution  of  perchloride  of  gold  in  hydrochloric  acid,  {hydrochlo- 
rate of  chlor'ide  of  gold  or  muriate  of  gold.,  as  it  is  usually  called,  yields 
yellow  prismatic  or  acicular  crystals  on  evaporation;  its  solution  is  dis- 
colored by  steam  in  the  same  way,  and  apparently  from  the  same  cause, 
as  nitrate  of  silver.  (See  pp.  1017,  1018.)  It  is  decomposed  by  hydrogen, 
phosphorus,  charcoal,  sulphurous  acid,  and  many  of  the  metals;  a piece 
of  paper  moistened  with  it  and  exposed  to  light,  also  becomes  purple  in 
consequence  of  its  decomposition.  According  to  Yan  Mons,  it  is  decom- 
posed by  several  vegetable  acids,  and  when  mixed  with  binoxalate  of 
potassa,  carbonic  acid  gas  is  evolved,  and  the  gold  gradually  separated. 

The  action  of  perchloride  of  gold  on  hyposulphite  of  soda  has  been 
studied  by  Fordos  and  Gelis,  {Ann.  Ch.  et  Ph..,  Avril,  1845,)  the  mixed 
solution  of  these  salts  being  used  in  fixing  daguerrotypes,  in  the  propor- 
tion of  1 part  of  perchloride  to  3 of  hyposulphite,  each  dissolved  in  500 
parts  of  water:  the  liquid  thus  resulting  is  colorless,  and  contains  several 
salts,  but  that  upon  which  its  photogenic  applications  depends,  appears  to 
be  a double  hyposulphite  of  soda  and  protoxide  of  goldr=:AuO,S2  02,  -{- 
3[NaO,S2  O2]  -4-4110  ; in  its  formation  8 eq.  of  hyposulphite  of  soda,  1 of 
perchloride  of  gold,  and  4 of  water,  form  2 of  sulphuretted  hyposulphate 
of  soda,  1 of  the  above  hydrated  double  salt,  and  3 of  chloride  of  sodium, 
as  in  the  following  equation.  8[NaO,S2  O2] -h  AuCl3 -l-4IIO=2[NaO, 
S4  05]  -t-  AuO,S2  02, 3 [NaO,S2  O2]  4HO  -f  3 [NaCl] 
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When  solution  of  protosulphate  of  iron  is  added  to  perchloride  of  gold, 
the  mixture  instantly  acquires  a dingy  brown  tinge,  and  if  very  dilute,  a 
beautiful  green  or  blue,  if  viewed  by  strong  transmitted  light : these 
appearances  depend  upon  the  presence  of  an  infinite  number  of  small 
particles  of  gold  in  the  metallic  state ; they  soon  subside  in  the  form  of  a 
brown  powder,  which,  after  having  been  washed  with  boiling  water, 
digested  in  boiling  dilute  hydrochloric  acid,  and  again  washed  and  dried, 
is  pure  gold ; in  this  pulverulent  state,  it  is  used  for  gilding  porcelain,  and 
for  some  other  purposes  of  the  arts;  the  modes  of  applying  it  are  described 
by  Dumas.  {Chim.  app.  aux  Arts^  hi.  689.)  This  method  of  separating 
gold  from  its  solution  is  often  convenient  in  analytical  operations,  and  the 
gold  powder  in  that  case  is  generally  fused  into  a button  Avith  a little 
borax.  According  to  Dr.  Turner,  the  mutual  action  of  the  protosulphate 
and  perchloride  is  such,  that  6 atoms  of  protosulphate  of  iron  and  1 of 
perchloride  of  gold,  produce  2 atoms  of  persulphate  of  iron,  1 of  perchlo- 
ride of  iron,  and  1 of  gold.  6Fe0,S03  + AuCl3r=  2 [Fe2  03,3803] + 
Fe2  Cl3  -f  Au. 

When  nitrate  or  sulphate  of  silver  is  added  to  chloride  of  gold,  a pre- 
cipitate falls,  consisting  of  chloride  of  silver  and  oxide  of  gold ; the  latter 
may  be  removed  by  hydrochloric  acid:  the  protosalts  of  mercury  are 
rendered  deep-broAAm,  or  reddish  broAvn,  by  chloride  of  gold : many 
organic  substances  give  it  a purple  hue  : it  tinges  the  cuticle  of  an  indel- 
ible purple  tint:  the  readiness  with  AAdiich  paper  and  other  organic  bodies 
acquire  this  hue  by  exposure  to  light,  has  led  to  the  use  of  chloride  of 
gold  in  some  photographic  processes. 

Perchloride  of  gold  dissolves  in  alcohol,  and  in  ether:  the  latter  solu- 
tion is  generally  obtained  by  agitating  the  solution  of  gold  Avith  ether, 
after  Avhich  the  mixture  separates  into  tAvo  portions;  the  superior  is  yel- 
loAV,  and  is  an  ethereal  solution  of  chloride  of  gold;  the  inferior  colorless, 
being  only  Avater  and  hydrochloric  acid.  This  ethereal  solution  Avas  for- 
merly much  esteemed  as  a medicine,  under  the  name  of  ciuriim  potahile; 
it  AA^as  presumed  that  gold  might  possibly  communicate  something  of  its 
OAAm  durability  to  the  human  constitution.  Polished  steel  dipped  into 
this  solution  acquires  a coat  of  gold,  and  it  has  hence  been  employed  for 
gilding  delicate  cutting  instruments.  It  generally  sloAvly  deposits  films  of 
metallic  gold,  sometimes  in  ramose  or  arborescent  crystals.  Perchloride 
of  gold  consists  of 


Berzelius. 

Gold  1 ....  200  ....  65  ....  G5-09 

Chlorine  3 ....  108  ....  35  ....  34-91 


Perchloride  of  gold  1 308  100  100-00 

Purple  of  Cassius.  This  compound  Avas  discovered  in  1683,  by 
Cassius  of  Leyden.  Protochloride  of  tin,  added  to  a dilute  solution  of 
chloride  of  gold,  occasions  an  instant  change  of  color  to  a reddish-broAvn 
or  dirty  purple:  if  a piece  of  tin-foil  be  immersed  in  a dilute  solution  of 
the  chloride,  the  same  purple  poAvder  is  presently  throAvn  down  upon  it; 
it  is  also  formed  Avhen  an  alloy  of  150  parts  of  silver,  35  of  tin,  and  20  of 
gold,  is  digested  in  nitric  acid ; nitrate  of  silv'or  is  dissolved,  and  the 
purple  poAA^der  remains.  According  to  Graham,  the  finest-colored  preci- 
pitate is  formed  “ Avhen  protochloride  of  tin  is  added  to  a solution  of  the 
perchloride  of  iron  till  the  color  of  the  liquid  has  a shade  of  green,  and 
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adding  this  liquid,  drop  hj  drop,  to  a solution  of  percliloride  of  gold, 
which  is  free  from  nitric  acid  and  very  dilute;  after  24  hours  a brown 
powder  is  deposited,  which  is  in  a small  degree  transparent,  and  purple- 
red  by  transmitted  light;  when  dried  and  rubbed  to  powder,  it  is  of  a 
dull  blue  color.”  (See  also  Dumas  upon  this  subject,  Chim.  app.  mix 
Arts^  and  an  abstract  of  all  relating  to  it  by  L.  Gmelin,  Handbiich^  iii. 
687.)  The  French  Pharmacopoeia  contains  the  following  formula  for  the 
purple  of  Cassius  : 10  parts  of  acid  chloride  of  gold  are  dissolved  in  2000 
of  distilled  water ; in  another  vessel  1 0 parts  of  pure  tin  are  dissolved  in 
10  of  nitric  and  20  of  hydrochloric  acid,  and  the  solution  diluted  with 
1000  parts  of  distilled  water.  The  solution  of  tin  is  then  added  by  degrees 
to  that  of  gold,  until  no  further  precipitation  ensues : the  precipitate  is 
washed,  and  dried  at  a gentle  heat. 

The  purple  of  Cassius  is  used  in  enamel  and  porcelain  painting,  and 
also  for  tinging  glass  of  a fine  red  color.  It  retains  its  color  at  a high 
red-heat : it  is  insoluble  in  solutions  of  potassa  and  soda,  but  if,  whilst  in 
its  hydrated  state,  it  be  washed  with  ammonia,  a bright  purple  liquid  is 
obtained,  from  which  the  coloring  matter  very  slowly  precipitates. 

The  chemical  nature  of  this  compound  has  given  rise  to  much  discus- 
sion. It  wnuld  appear,  from  Proust’s  experiments,  to  consist  of  about  3 
parts  of  oxide  of  tin,  and  1 of  protoxide  of  gold.  Oberkampf  found  the 
composition  and  color  of  the  precipitates  formed  by  protochloride  of  tin 
in  solution  of  gold,  liable  to  much  variation.  When  the  tin  predominates, 
it  is  of  a violet  color;  but  when  the  gold  is  in  excess,  it  is  more  pink;  and 
these  colors  are  also  communicated  to  enamel.  Oberkampf  and  Macar- 
dieu  assert,  that  the  gold  in  the  compound  is  in  the  metallic  state;  that 
the  violet  combination  contains  60  oxide  of  tin  and  40  gold,  and  the 
pink  about  20  and  80  {A?ui.  Ch.  et  Fh.,  xxx.  147);  hut  as  mercury  does 
not  abstract  gold  from  it,  this  view  is  improbable. 

According  to  Berzelius,  the  purple  of  Cassius,  wdien  heated  to  redness, 
loses  between  7 ^'-n^d  8 pe?'  cent,  of  water,  and  the  residue  is  a mixture  of 
metallic  gold  and  peroxide  of  tin.  Pie  considers  it  as  a compound  of 
protoxide  of  gold  and  sesqiiioxide  of  tin.  (See  also  Gay  Lussac,  Ann. 
Ch.  et  Fh,.^  xuix.)  According  to  Dr.  Turner,  the  purple  of  Cassius  is  a 
hydrated  double  salt,  composed  of  peroxide  of  tin,  as  the  acid^  united  with 
protoxide  of  tin  and  binoxide  of  gold,  as  hases^  in  such  proportion  that 
the  oxygen  of  the  gold  exactly  suffices  to  convert  the  protoxide  into  per- 
oxide of  tin. 

Figuier,  {Ann.  Ch.  et  Fh.,  July,  1844,)  after  reviewing  the  conflicting 
opinions  respecting  the  nature  of  the  purple  of  Cassius,  shows  that  as 
ordinarily  prepared  it  contains  a definite  hydrated  compound  of  stannic 
acid  and  protoxide  of  gold,  mixed  with  variable  proportions  of  prot- 
oxide of  tin,  and  that  this  definite  compound  may  be  obtained  by 
the  action  of  tin  on  a solution  of  gold  as  follows : Dissolve  20  parts 
of  gold  in  100  of  aqua  regia,  consisting  of  4 parts  of  hydrochloric 
and  1 of  nitric  acid,  and  evaporate  nearly  to  dryness : dissolve  the 
residuary  chloride  of  gold  in  water,  filter,  and  dilute  it,  (so  as  to  have  f 
litre  of  solution  from  20  grammes  of  gold : or  27  fluid  ounces  con- 
taining about  300  grains  of  gold,)  and  put  into  it  small  pieces  of  grain 
tin;  in  a few  minutes  it  becomes  brown  and  afterwards  purple,  and  the 
precipitate  may  then  be  collected  on  a filter,  having  if  necessary  previously 
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heated  the  liquid  and  added  to  it  a little  common  salt,  hj  which  an  entire 
precipitation  of  the  purple  is  insured:  in  pouring  off  the  liquid  holding 
tlie  purple  in  suspension,  care  must  he  taken  to  leave  the  tin  behind. 
The  composition  of  the  purple  of  Cassius  so  obtained  is 

Figuior, 

Protoxide  of  gold  1 ....  208  ....  44-35  ....  44-41 

Peroxide  of  tin....  3 ....  225  ....  d/’O/  ....  48-81 

Water  4 ....  38  ....  7'88  ....  0-98 

Purple  of  Cassius  1 489  100-00  lOO'OO 

Fulminating  Gold.  Aurate  of  AjiImonia.  A.mmoniuret  of  Per- 
oxide OF  Gold.  When  liquid  ammonia  is  added  to  a concentrated  solu- 
tion of  chloride  of  gold  diluted  with  about  3 parts  of  Avater,  a yelloAvish- 
brOAvn  precipitate  is  formed,  Avhich,  if  collected  upon  a filter,  washed  Avitli 
a little  water,  and  carefully  dried  at  the  temperature  of  212°,  \^  fulminai- 
i tig  gold.  100  grains  of  gold  yield  about  125  of  product.  (Bergman.) 
A more  poAverfully  fulminating  compound  is  obtained  by  digesting  per- 
oxide of  gold  in  liquid  ammonia;  it  acquires  a deep  olive  color,  and,  after 
having  been  Avell  Avasbed,  may  be  dried  carefully  at  212°.  The  more 
carefully  this  product  is  Avaslied  and  dried,  the  more  explosive  it  be- 
comes, and  if  long  retained  at  a temperature  of  about  212°,  so  as  to 
become  perfectly  dry,  the  slightest  friction  frequently  causes  it  to  explode. 
When  suddenly  heated  to  about  290°,  it  explodes  Avith  great  violence, 
and  if  thus  detonated  upon  platinum  leaf,  the  metal  is  torn  at  the  point 
of  contact,  as  is  the  case  Avith  all  these  explosive  combinations:  friction 
AA’ith  hard  bodies,  or  an  electric  shock,  also  explode  it.  If  it  be  moist  it 
does  not  explode  on  the  application  of  heat  till  dry,  and  those  portions 
AA’hich  first  become  dry  explode  first;  so  that  in  this  case  it  is  as  it  AA^ere 
decomposed  by  a succession  of  explosions.  The  acids  and  alkalis  have 
little  action  on  fulminating  gold.  Sulphuretted  hydrogen  sloAvly  decom- 
poses it,  and  a solution  of  protochloride  of  tin  converts  it  into  purple  of 
Cassius.  It  contains  about  77  cent,  of  gold.  It  probably  consists 
of  2 atoms  of  ammonia,  and  1 of  peroxide  of  gold,  or  is  a dianratc  of 
(immoma  — 2NIl3,Au03.  Dumas  regards  it  as  a hydrated  nitruret  of 
gold  combined  Avith  ammoniaz=NIl3,AuN,3HO:  but  the  former  is  the 
more  simple  and  probable  view  of  its  proximate  composition. 

Auro-perciilorides.  Under  this  term  are  comprehended  the  com- 
pounds described  by  Bonsdorff,  {^Ann.  Ch.  el  F/g,  xLiv.)  Johnston  {lid. 
Jonrn.  Science.^  iii.  131  and  290,)  and  others,  in  Avliich  the  chloride  of 
gold  is  combined  Avith  certain  electro-positive  chlorides,  such  as  those  of 
the  alkaline  bases  : they  consist  of  1 atom  of  terchloride  of  gold,  and  I 
atom  of  the  other  chloride,  and  may  be  formed  of  their  respective  chlo- 
rides in  such  proportions;  some  of  them  have  been  long  knoAvn:  they 
mostly  form  prismatic  crystals,  and  include  Avater  of  crystallization.  It  is 
in  consequence  of  the  formation  of  these  soluble  double  salts,  that  the 
solution  of  chloride  of  gold  in  hydrochloric  acid  yields  no  precipitates 
AA’ith  the  alkalis,  eATn  Avhen  added  in  excess.  Different  aurochlorides, 
obtained  by  adding  salts  of  potassa,  soda,  ammonia,  and  other  bases,  to 
the  chloride,  are  employed  in  gilding  copper  trinkets,  buttons,  and  other 
articles,  under  Elkington’s  p.atent. 

VoL.  11, 
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Auro-perchloride  of  Ammonium,  NH4  Cl,AuCl3,4HO,  is  formed  by 
dissolving  its  component  salts  in  atomic  equivalents  and  evaporating ; it 
crystallizes  in  efflorescent  acicular  prisms,  soluble  in  water  and  alcohol, 
and  containing 

Chloride  of  ammonium  1 ....  54  ....  13 '6 

Perchloride  of  gold 1 ....  308  ....  77'4 

Water 4 ....  36  ....  9*0 

Crystallized  auro-perchloride  of  ammonium  1 398  100  0 

Auro -PERCHLORIDE  OF  PoTASSiUM.  KCl,AuCl3,5HO.  This  salt  may 
be  obtained  by  evaporating  a mixed  solution  of  chloride  of  potassium  and 
perchloride  of  gold,  in  yellow  four-sided  prisms,  slightly  efflorescent,  and 
which,  dried  at  212°,  lose  their  water  of  crystallization;  at  a higher  tem- 
perature chlorine  is  evolved,  and  the  salt  fuses  into  a dark-brown  liquid, 
which  probably  contains  protochloride  of  gold,  but  which  water  and 
dilute  hydrochloric  acid  resolve  into  the  original  salt,  chloride  of  potas- 
sium and  metallic  gold  being  separated.  The  components  of  the  crystal- 
lized double  chloride  are. 


Johnston. 

Chloride  of  potassium  1 ....  76  ....  17‘8  ....  18‘38 

Perchloride  of  gold  1 ....  308  ....  7P7  ....  72’17 

Water 5 45  ....  10-5  ....  9*45 


Crystallized  auro-perchloride  of  potassium  1 429  100 ‘0  lOO’OO 

Auro-perchloride  of  Sodium,  NaCl,AuCl3,4HO,  forms  four-sided 
prisms,  permanent  in  the  air,  and  easily  fusible  in  their  water  of  crystal- 
lization; they  contain 


Johnston. 

Chloride  of  sodium  1 ....  60  ....  14 ’85  ....  14*47 

Perchloride  of  gold  1 ....  308  ....  76‘24  ....  76*00 

Water  4 ....  36  ....  8*91  ....  9*53 


Crystallized  aurocliloride  of  sodium  1 404  100*00  100*00 

The  auro-'per chlorides  of  lithium^  calcium.,  barium.^  slroniium.,  mag- 
nesium., manganese,  zinc,  cadmium,  cobalt,  and  nickel  have  also  been 
examined  by  Bonsdorff : they  form  hydrated  prismatic  salts,  generally 
similar  to  the  preceding. 

Protiodide  of  Gold.  AuI.  Gold  is  not  acted  upon  by  iodine 
or  hydriodic  acid,  but  when  peroxide  of  gold  is  digested  in  aqueous 
hydriodic  acid,  protiodide  of  gold  and  water  are  formed,  and  iodine 
set  free:  Au03  -j-  3111  nr  AuI  -{-  3110  -1-21.  When  solution  of  iodide 
of  23otassium  is  carefully  added  to  a neutral  solution  of  perchloride  of  gold, 
protiodide  of  gold  and  chloride  of  potassium  are  formed,  and  iodine 
is  also  set  free:  AuCl3  -h  3KI  = AuI  + 3KC1  -1-  21.  In  these  cases 
the  excess  of  iodine  may  be  expelled  by  careful  heating,  and  the  iodide 
of  potassium  must  not  be  added  in  excess,  as  it  redissolves  the  iodide 
of  gold.  (Pelletier,  Aim.  Ch,  et  Ph.,  xv.;  Fordos,  Journ.  de  PJiarm., 
xxvii.)  Johnston  obtains  iodide  of  gold  by  the  action  of  a solution  of 
iodide  of  potassium  upon  protochloride  of  gold,  and  dries  the  washed 
precipitate  in  the  air.  {Phil.  Mag.  and  Journ.,  ix.  266.)  According  to 
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Meillet  {Jouni.  de  Phann.^  xxvii. ; and  CJicm.  Gaz,,  Jan.,  184.3),  a 
pure  iodide  of  gold  may  be  obtained  by  pouring  a solution  of  neutral 
bydriodate  of  ammonia  into  a solution  of  perchloride  of  gold  as  neutral  as 
possible,  until  no  further  precipitate  ensues : the  solutions  sliould  be 
moderately  dilute,  and  about  a third  of  tlieir  volume  of  alcohol  should  be 
afterwards  added ; after  some  hours  the  liquor  should  be  decanted  from 
the  blackish  precipitate,  which  is  a mixture  of  iodine  and  iodide  of  gold, 
and  washed  with  alcohol,  when  a semicrystalline  iodide  of  gold  remains ; 
it  should  be  dried  by  exposure  to  air,  and  preserved  from  light : in  this 
way  the  whole  of  the  gold  is  precipitated. 

Protiodide  of  gold  is  a yellow  or  greenish  powder,  generally  exhibiting 
more  or  less  of  a ciystalline  aspect ; it  is  nearly  tasteless,  and  insoluble  in 
cold  water ; wdien  boiled  in  water  it  is  resolved  into  its  elements ; it  is 
not  acted  upon  by  cold  sulphuric,  hydrochloric,  or  nitric  acid,  but  when 
heat  is  applied  it  is  resolved  into  iodine  and  gold,  a decomposition  which 
takes  place  slowly  at  a temperature  between  120°  and  140°,  and  rapidly 
at  250°;  it  is  immediately  decomposed  by  gaseous  (not  by  aqueous)  chlo- 
rine, and  by  solution  of  potassa.  It  consists  of 


Johnston.  Fordos. 

Gold  1 ....  200  ....  61*35  ....  61*15  ....  61*13 

Iodine  1 ....  126  ....  38*65  ....  38*85  ....  38*87 


Protiodide  of  gold  1 326  100*00  100*00  100*00 


Teriodide  of  Gold.  Aul3.  When  a solution  of  terchloride  of  gold 
is  gradually  added  to  a solution  of  iodide  of  potassium,  the  liquor  becomes 
dark-green,  and  a dark-green  precipitate  of  teriodide  of  gold  falls,  which 
is  again  dissolved  on  agitation.  When  1 atom  of  terchloride  of  gold  has 
thus  been  added  to  4 atoms  of  iodide  of  potassium,  the  farther  addition 
of  the  chloride  of  gold  occasions  a persistent  dark-green  precipitate  of 
teriodide  of  gold,  in  consequence  of  the  decomposition  of  the  first-formed 
auroperiodide  of  potassium : in  the  first  instance,  4KI  + AuCl3  zr: 
3KC1  -f  [KI,  Aul3] ; and  then,  3 [KI,  Aul3]  AuCl3  = 3KC1  + 4Aul3. 
(Gmeltn.)  The  precipitated  teriodide  may  be  washed  without  material 
change,  but  during  drying  it  loses  iodine  : exposed  at  common  tempera- 
tures to  the  air  it  gradually  passes  into  protiodide,  and  ultimately  pure 
gold  remains.  Digested  in  aqueous  ammonia  it  yields  a mixture  of  ful- 
minating gold  with  iodine.  It  is  decomposed  by  the  alkalis  and  alkaline 
earths ; it  dissolves  in  aqueous  hydriodic  acid,  and  the  solution,  when 
subjected  to  spontaneous  evaporation,  gradually  deposits  black  crystals, 
which  acquire  a purple  color  on  exposure  to  air.  It  forms  with  the 
more  basic  iodides  a series  of  auroper iodides.  (Johnston,  Phil.  Mag. 
aiid  Journ.^  260.)  Its  components  are 


Gold 1 ....  200 

Iodine  3 ....  378 


Teriodide  of  gold 1 ^76 


34-6 

65*4 


1000 


Auroperiodide  of  Ammonium.  A solution  of  bydriodate  of  am- 
monia dissolves  teriodide  of  gold  and  yields  black  brilliant  piismatic 
crystals,  which  delic^uesce  in  damp  air.  (Johnston.) 
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Auroperiodide  of  Potassium.  KI,Aul3.  This  salt  Is  formed  hy 
adding  to  a solution  of  4 atoms  of  iodide  of  potassium  nearly  1 atom  of 
tercliloride  of  gold,  and  leaving  the  resulting  dark  liquid  to  crystallize: 
4KIq- AuCl3  3KC1  + [KI,Aul3].  The  same  salt  is  obtained  by  dis- 
solving teriodide  of  gold  in  a warm  solution  of  iodide  of  potassium  and 
setting  aside  to  crystallize  : it  forms  brilliant  black  prisms,  which,  by 
exposure  to  air,  gradually  lose  a portion  of  iodine ; heated  in  a tube, 
these  crystals  leave  a prismatic  skeleton  of  gold  : they  are  soluble  in 
hydriodic  acid,  and  in  very  dilute  solution  of  iodide  of  potassium ; dis- 
solved in  water,  they  sustain  partial  decomposition.  They  consist  of 


Johnston. 

Iodide  of  potassium  1 ....  166  ....  22*31  ....  22*27 

Teriodide  of  gold  I . ..  573  ....  77‘69  ....  77‘73 


Auroperiodide  of  potassium  1 744  100  00  100*00 

Auroperiodide  of  Sodium.  NaI,Aul3.  The  solution  of  teriodide 
of  gold  in  iodide  of  sodium  yields  brilliant  black  four-sided  prisms, 
which  are  very  deliquescent.  (Johnston.)  The  aiiropei'iodides  of  harhnn 
and  of  slroniium  have  also  been  described  by  Johnston. 

loDATE  OF  Gold.  Iodic  acid  and  iodate  of  potassa  form  a yellow 
precipitate  in  the  hydrochloric  solution  of  oxide  of  gold,  Avhich  is  diffi- 
cultly soluble  in  water.  (Pleischl.) 

Terbromide  of  Gold.  AuBr3.  Aqueous  bromine  dissolves  gold, 
and  on  evaporation,  a dark  grey  bromide  (containing  ,50  per  cent,  of  gold) 
remains : it  may  be  obtained  in  dark-red  crystals  from  its  aqueous  solu- 
tion : this  salt  has  so  intense  a color,  that  it  communicates  a tinge  to 
5000  parts  of  water.  (Balard,  Ann.  CJi.  et  Ph..,  xxxii.  ,362.)  Bromide 
of  gold  forms  dark-red  auvohromides  with  the  more  basic  metallic 
bromides.  (Bonsdorff.) 

Tersulphuret  of  Gold,  AuS3,  is  procured  by  passing  sulphuretted 
hydrogen  through  an  aqueous  solution  of  tercliloride  of  gold.  It  falls  in 
the  form  of  a black  powder,  easily  resolved  by  heat  into  metallic  gold  and 
sulphur.  (Oberkampf,  Ann.  de  Chim..^  lxxx.)  It  is  also  thrown  down 
from  the  solution  of  gold  by  the  alkaline  h3xlrosulphurets : when  mode- 
rately heated  in  chlorine  it  yields  chloride  of  sulphur  and  metallic  gold. 
It  consists  of 


Oberkampf.  Fellenberg.  Bucholz. 

Gold  1 ....  200  ....  80  6 ....  80*39  ....  81*48  ....  82 

Sulphur 3 ....  48  ....  19*4  ....  19*61  ....  18*52  ....  18 


Tersulphuret  of  gold  1 248  100*0  100*00  100*00  100 

Wh  en  sulphuretted  hydrogen  gas  is  passed  through  a boiling  solution 
of  chloride  of  gold,  the  black  precipitate  which  falls  is  AuS ; it  contains 
about  93  per  cent,  of  gold  and  7 of  sulphur.  (Berzelius.) 

A double  sulpliuret  of  gold  and  poiassium  is  formed  when  sulphuret 
of  gold  is  digested  in  a solution  of  sulphuret  of  potassium;  or  when  gold, 
sulphur,  and  potassa,  are  fused  together ; the  compound  is  soluble  in 
water,  and  acids  throw  down  sulphuret  of  gold  from  the  solution.  This 
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solubility  of  gold  in  alkaline  siilpliurets  was  known  to  tlic  old  cliemists, 
and  it  was  thus,  according  to  Staid,  that  Moses  dissolved  the  golden 
calf.  This  compound  is  used  in  the  potteries  as  a source  of  the  prepara- 
tion of  gold  with  which  a dingy  gilding  is  occasionally  given  to  earthen- 
ware. (Dumas.) 

No  definite  siilplude  of  gold  hus  been  described,  nor  has  gold  been 
combined  with  selenium. 

PiiospiiURET  OF  Gold  is  obtained  by  beating  gold-leaf  with  phospho- 
rus, in  a tube  deprived  of  air.  (E.  Davy.)  It  is  a grey  substance  of  a 
metallic  lustre,  and  consists  probably  of  1 atom  of  gold  and  1 of  phos- 
phorus. It  is  decomposed  when  heated  under  exposure  to  air.  AVhen 
phosphuretted  hydrogen  is  passed  through  a dilute  solution  of  chloride  of 
gold,  a brown  powder  falls,  which  is  metallic  gold.  (H.  Rose.)  By  the 
action  of  great  excess  of  phosphuretted  hydrogen,  a black  phosphuret  of 
gold  appears  to  be  produced.  (Oberkampf.) 

Protocyanide  of  Gold.  AuCy,  is  formed  by  adding  hydrochloric 
acid  to  a solution  of  the  potassio-protocyanide  of  gold  and  evaporating  to 
dryness  ; the  residue,  well  washed  wdtli  water  out  of  direct  light,  leaves 
protocyanide  of  gold  in  the  form  of  a yellow  crystalline  powder,  tasteless 
and  insoluble  in  water,  alcohol,  ether,  and  acids : boiling  solution  of 
potassa  deprives  it  of  part  of  its  cyanogen,  some  gold  is  reduced,  and  a 
double  cyanide  is  formed ; sulphuretted  hydrogen  has  no  action  on  it ; 
sulphuret  of  ammonium  dissolves  it,  and  acids  throw'  dowm  sulphuret  of 
gold.  It  is  not  affected  by  light.  (See  also  Carty,  and  Glassford  and 
Napier,  on  these  cyanides,  ISIem,  Chem.  Soc.^  II.  80.)  Cyanide  of  gold 


consists  of 

ITimly. 

Gold  1 ....  200  ....  88-5  ....  87-40 

Cyanogen  1 ....  20  ....  ITo  ....  12-54 


Protocyanide  of  gold  1 220  lOOd)  100-00 

Auroprotocyanide  of  Ammonium.  NIl4  C3',AuCy.  When  saturated 
solutions  of  protocyanide  of  potassium  and  gold,  and  of  sulphate  of  am- 
monia are  mixed,  and  absolute  alcohol  added,  sulphates  of  ammonia  and 
potassa  are  precipitated,  and  the  filtered  solution  }'ields,  on  evaporation, 
crystalline  crusts  of  the  ammonio-cyanide  of  gold,  anhydrous,  colorless,  of 
a strong  metallic  taste,  soluble  in  Avater  and  alcohol,  insoluble  in  ether, 
and  decomposed  betAveen  370°  and  480°  into  c^'anide  of  ammonium  and 
ju’otocy'anide  of  gold.  (Himly.) 

Auroprotocyanide  of  Potassium.  Potassio-protocyanide  of  Gold. 
KCy,AuCy.  Dissolve  7 parts  of  gold  in  nitrohydrochloric  acid,  preci- 
pitate AA’ith  excess  of  ammonia,  Avash  the  precipitated  fulminating  gold, 
and  put  it  into  a hot  aqueous  solution  of  6 parts  of  cyanide  of  potassium ; 
the  concentrated  solution  yields  prismatic  crystals  of  the  double  salt. 
(IIiMLY,  Ann.  der  Chem.  und  Pharm..,  XLii.,  and  Chem.Gaz..,  March,  1843.) 
This  salt  is  colorless  and  permanent ; its  taste  SAveetish  and  metallic ; it 
is  soluble  in  7 of  cold,  and  much  less  of  hot  Avater  ; slightly  soluble  in 
alcohol,  and  insoluble  in  ether.  Chloride  of  mercury  added  to  its  aqueous 
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solution  throws  down  protocyanide  of  gold,  and  the  solution  contains 
chloride  of  potassium  and  cyanide  of  mercury.  It  consists  of 

Himly. 

Cyanide  of  potassium 1 ....  66  ....  22*5  ....  22*2 

Protocyanide  of  gold 1 ....  226  ....  77‘5  ....  77’8 

Aiiroprotocyanide  of  potassium  1 292  100*0  100*0 

Percyanide  of  Gold.  AiiCyS.  According  to  Liebig,  this  cyanide 
is  best  prepared  by  adding  to  a solution  of  chloride  of  gold,  deprived  of 
free  acid,  a solution  of  caustic  potassa  to  which  excess  of  hydrocyanic 
acid  has  been  added.  Excess  of  cyanide  of  potassium  redissolves  the  pre- 
cipitate, but  it  is  again  thrown  down  by  an  acid.  Percyanide  of  gold  is  also 
formed  by  adding  to  16  parts  of  gold  dissolved  in  nitrohydrochloric  acid, 
a hot  solution  of  24  parts  of  cyanide  of  mercury,  evaporating  to  dryness, 
and  washing  with  pure  water. 

Himly  recommends  precipitating  the  auro'per cyanide  of  jwtassitan 
with  nitrate  of  silver,  washing  the  precipitated  cyanide  of  silver  and  gold, 
and  adding  dilute  hydrochloric  acid,  not  in  suf&cient  quantity  to  decom- 
pose the  whole  : the  filtered  liquid  evaporated  in  vacuo  over  sulphuric 
acid  and  lime  yields  a crystalline  mass  which  may  be  purified  by  solution 
in  water  or  alcohol,  and  then  yields  colorless  tables  and  prisms  of  the 
percyanide,  easily  soluble  in  water,  alcohol,  and  ether,  fusing  at  122°  in 
its  water  of  crystallization,  and  not  reducible  by  oxalic  acid : the  formula 
of  the  crystals  is  AuOy3,6HO, 

Auropercyanide  of  Ammonium,  NH4  Cy,AuCy3,2HO,  was  obtained 
by  saturating  a solution  of  cyanide  of  ammonium  (prepared  by  distilling 
ferrocyanide  of  potassium,  sal-ammoniac,  and  water)  with  hydrate  of 
oxide  of  gold,  warming  the  solution,  filtering  and  evaporating  to  dryness 
at  212°:  the  residue  was  extracted  with  water,  and  the  aqueous  solution 
left  to  spontaneous  crystallization,  gave  colorless  prismatic  crystals, 
soluble  in  water  and  alcohol,  scarcely  so  in  ether,  becoming  opaque  at 
212°,  and  afterwards  yellow,  losing  cyanide  of  ammonium  and  its  pro- 
ducts of  decomposition,  and  ultimately  leaving  gold.  (^Chem.  Gaz.^  Mar., 
1843.) 

Auropercyanide  of  Potassium.  KCy,AuCy3.  Convert  35  parts 
of  gold  into  perchloride  as  neutral  as  possible,  dissolve  in  Avater,  and 
gradually  add  it  to  a hot  aqueous  solution  of  46  parts  of  cyanide  of 
potassium;  the  liquid  becomes  colorless  and  on  cooling  deposits  prismatic 
crystals  Avhich  may  be  purified  by  recrystallization : exposed  to  air,  they 
lose  Avater : heated  out  of  contact  of  air,  cyanogen  is  evolved  and  the 
double  protocyanide  remains.  Corrosive  sublimate  causes  no  precipitate 
in  the  solution  of  this  auropercyanide ; protonitrate  of  mercury  a yelloAV 
one,  AALen  boiled ; nitrate  of  silver  a curd}'^  precipitate  of  cyanide  of  silver 
and  gold,  soluble  in  ammonia. 

Compounds  of  the  cyanide  of  gold  are  applied  to  the  purposes  of 
gilding  Avith  or  AAMthout  the  aid  of  electricity : for  this  purpose,  the  pre- 
cipitate obtained  by  adding  carbonate  of  potassa  to  the  perchloride  of 
gold,  or  the  sulphuret  of  gold  obtained  by  precipitating  the  perchloride 
with  sulphuret  of  potassium,  are  dissolved  Avith  heat  in  a solution  of 
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cyanide  of  potassium  : the  proportions  may  be  1 part  of  cyanide  of 
potassium  to  10  of  water;  and  50  to  60  grains  of  the  oxide  or  sulphuret 
of  gold  should  be  dissolved  in  a pint  of  such  solution.  This  liquor 
deposits  a perfect  film  of  gold  upon  many  of  the  metals,  by  mere  immer- 
sion, which  may  in  all  cases  be  increased  to  any  required  thickness  by 
electricity.  (See  p.  220.)  ’ 

SiTLPHOCYANiDE  OF  GoLD  is  a flesh-colored  powder,  which  falls  when 
solution  of  sulphocyanide  of  potassium  is  mixed  with  chloride  of  gold : 
it  is  soluble  in  the  precipitant  and  in  ammonia.  (Grotthuss.) 

Molybdate  op  Gold.  Molybdate  of  potassa  occasions  a yellow  pre- 
cipitate in  solution  of  chloride  of  gold,  which  is  soluble  in  hydrochloric 
and  in  nitric  acid,  (Richter.) 

Alloys  of  Gold.  The  alloys  of  gold  with  potasshim  and  sodium 
have  not  been  examined.  With  manganese  it  forms  a grey  brittle  alloy, 
hard,  somewhat  ductile,  and  of  great  lustre:  Mr.  Bingley  found  the 
proportion  of  manganese  to  form  from  one-eighth  to  one-ninth  of  the 
compound : it  was  obtained  by  heating  gold  with  oxide  of  manganese 
which  had  been  repeatedly  mixed  and  burned  with  olive  oil:  cupellation 
with  lead  separated  the  manganese.  With  iron  the  alloy  is  malleable 
and  ductile,  and  harder  than  gold  : its  color  dull- white,  and  its  specific 
gravity,  when  containing  11  gold  + 1 iron,  16-885.  The  metals  expand 
by  union ; so  that,  supposing  their  bulk  before  combination  to  have  been 
1000,  after  combination  it  is  101 4*7.  With  zinc  the  compound  is  brittle 
and  brass-colored:  specific  gravity,  when  containing  11  gold  -f  1 zinc, 
16  937.  The  metals  contract  a little  in  uniting;  the  original  bulk  being 
1000,  that  of  the  alloy  is  997*  The  brittleness  continued  when  the  zinc 
was  reduced  to  one-sixtieth  of  the  alloy.  The  fumes  of  zinc  in  a furnace 
containing  fused  gold  make  it  brittle.  According  to  Hellot,  when  an 
alloy  of  1 of  gold  and  7 of  zinc  is  ignited  in  an  open  crucible,  the  whole 
of  the  gold  sublimes  Avith  the  oxide  of  zinc.  Tin  forms  a Avhitish  alloy 
Avith  gold,  AA*hich  is  brittle  Avhen  thick,  but  flexible  in  thin  pieces;  specific 
gravity,  Avhen  constituted  of  11  gold  1 tin,  17'307;  bulk  before  fusion, 
1000;  after  fusion,  981 ; so  that  there  is  considerable  contraction.  The 
old  chemists  called  tin,  diabolus  7netallorum^  from  its  property  of  rendering 
gold  brittle;  but  Bingley’s  experiments,  as  quoted  by  Hatchett,  shoAv 
that  one-sixtieth  of  tin  does  not  render  gold  brittle ; indeed,  Alchorne’s 
experiments  {Phil.  Trans. ^ 17^4),  shoAved  that  gold  might  be  rolled  and 
coined,  Avhen  containing  one  thirty- seventh  of  tin.  At  a cherrj'-red  heat 
Bingley  found  that  this  alloy  became  dark-colored,  and  disintegrated 
from  the  loss  of  the  tin.  Mercadieu  obtained  the  purple  of  Cassius  by 
digesting  the  alloy,  rich  in  tin,  in  nitric  acid  : hydrochloric  acid  dissolves 
the  tin  and  leaves  finely-divided  gold.  The  alloy  of  gold  Avith  cadmium 
has  not  been  examined.  Mr.  Hatchett  obtained  a dull-yelloAv  alloy  Avith 
11  gold  fl-  1 cobalt.^  the  density  of  Avhich  Avas  17*112.  The  bulk  of  the 
metals  before  fusion  being  1000,  became  1001  after  fusion.  M hen  the 
cobalt  Avas  beloAv  one  sixty-sixth  of  the  mass,  the  alloy  Avas  someAvhat 
ductile.  With  gold  and  nickel  he  obtained  a brittle  brass-colored  alloy, 
Avhen  in  the  proportions  of  11  to  1.  The  density  of  the  gold  being 
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19*172  and  of  the  nickel  7*9,  that  of  the  alloy  was  17*068;  and  the  bulk 
of  the  metals  before  fusion  being  1000,  was  increased  after  fusion  to 
1007*  With  copper^  gold  forms  a ductile  alloy  of  a deeper  color,  harder, 
and  more  fusible  than  pure  gold  : this  alloy,  in  the  pro2)ortioii  of  11  gold 
to  1 copper,  constitutes  standard  gold;  its  density  is  17*157,  being  a little 
below  the  mean,  so  that  the  metals  slightly  exi^and  on  combining.  One 
troy  pound  of  this  alloy  is  coined  into  46|-|-  sovereigns,  or  20  troy  pounds 
into  934  sovereigns  and  a half.  The  pound  was  formerly  coined  into 
44  guineas  and  a half.  (See  next  page.)  The  standard  gold  of  France 
consists  of  9 parts  of  gold  and  1 of  copper.  The  alloy  of  gold  with  lead 
is  very  brittle  when  that  metal  only  constitutes  one  1920th  of  the  alloy: 
even  the  fumes  of  lead  destroy  the  ductility  of  gold : the  specific  gravity 
of  an  alloy  of  11  gold  -{-  1 lead  is  18*080 ; and  1000  parts  become  1005. 
A remarkable  fact  in  respect  to  this  alloy  is,  that  its  sj)ecific  gravity 
diminishes  to  a certain  extent,  as  the  proportion  of  lead  diminishes,  and 
is  at  its  maximum  when  the  lead  amounts  only  to  one  96th  j)art,  the 
quantity  of  gold  remaining  the  same,  and  the  deficiency  being  made  u^) 
Avith  copjier:  the  following  table  exhibits  this: 


Metals. 

Grains. 

Specific 
Gravity 
of  Alloy. 

Bulk 

before 

Union. 

Bulk 

after 

Union. 

Expan- 

sion* 

Metals. 

Grains. 

Specific 
Gravity 
of  Alloy. 

Bulk 

before 

Union. 

Bulk 

after 

Union. 

Expan-* 

sion. 

Gold  , . 
Lead  . . 

442) 

38) 

18080 

1000 

1005 

5 

Gold  .. 
Copper. 
Lead  . . 

442  ) 

1 I 

17-032 

1000 

1035 

35 

Gold  .. 

442) 

Gold  ,. 

442  ) 

Co]3]:)ev  . 

19 

17*76o 

1000 

1006 

6 

Copper . 

37-0  1 

16-627 

1000 

1057 

57 

Lead  . . 

19] 

Lead  . . 

0-5,  j 

Gold  .. 

442 ) 

Gold  .. 

442  ) 

Copper  . 

30  1 

17-312 

1000 

1022 

22 

Cop2)er . 

37-75  L 

17-039 

1000 

1031 

31 

Lead  . . 

8] 

Lead  . . 

0-25  j 

Gold  and  antimony  form  a brittle  yelloAv  compound:  Hatchett  found 
gold  made  standard  by  antimony  to  be  of  a pale  and  dull  color,  very 
brittle  and  fine-grained,  and  its  density  16*929,  the  bulk  of  the  metals 
being  reduced  by  combination  from  1000  to  987.  When  the  antimony 
only  formed  one  1920th  of  the  mass,  it  AAms  still  brittle,  and  the  fumes  of 
antimony  in  the  neighbourhood  of  fused  gold  destroy  its  ductility.  A 
standard  alloy  of  gold  with  bismuth  Avas  brittle,  fine-grained,  and  of  a 
greenish-yelloAV  color:  its  density  18*038:  the  bulk  of  the  metals  being 
reduced  from  1000  to  988.  The  color  of  the  alloy  became  nearly  that  of 
gold  Avhen  the  bismuth  formed  one  60th,  but  it  remained  brittle  Avith 
only  one  1920th:  the  fumes  of  bismuth  also  destroy  the  ductility  of  gold 
AA’hich  has  been  fused  in  the  same  furnace.  Uranium^  titanium^  and 
cerium,  have  not  been  examined  in  their  relations  to  gold.  The  alloy  of 
gold  and  tellurium  exists  native.  Arsenic  and  gold  are  not  easily  com- 
bined, in  consequence  of  the  volatility  of  the  former  metal.  Hatchett 
added  453  grains  of  arsenic  to  5307  of  fused  gold,  and  having  stirred  the 
mixture  2)oured  it  into  an  iron  mould:  only  6 grains  Avere  retained,  so 
that  the  alloy  contained  one  885th  of  arsenic;  it  had  the  color  of  gold, 
and  Avas  brittle:  by  suspending  gold  in  the  fumes  of  arsenic,  he  obtained 
a brittle  fusible  alloy  of  a grey  color.  Molybdenum  and  gold  form  a 
black  brittle  compound.  (Hielm,  Crell's  Annals,  iii.)  The  action  of 
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gold  and  chromium  lias  not  been  examined.  Little  is  known  of  the  com- 
pound of  gold  with  tungsten:  ‘‘When  100  parts  of  gold,  50  of  tungstic 
acid,  and  a quantity  of  charcoal-powder,  were  strongly  heated  in  a covered 
crucible,  complete  fusion  did  not  take  place ; the  button  weighed  139 
grains;  by  cupellation  with  lead  the  gold  was  reduced  to  its  original 
purity.”  Mercury  and  gold  combine  readily  at  common  temperatures, 
and  more  rapidly  when  heated,  the  mercury  taking  up  a considerable 
proportion  of  gold  without  loss  of  fluidity:  when  rich  in  gold,  the  amal- 
gam is  of  a buttery  consistence,  and  may  be  separated  from  the  more 
liquid  portion  by  pressure  through  leather;  it  then  consists  of  about  2 
parts  of  gold  and  1 of  mercury:  the  amalgam  used  for  gilding  bronze 
contains  about  one-eighth  of  gold.  Silver  and  gold  appear  to  combine 
readily  in  all  proportions,  when  the  fused  metals  are  stirred  together;  but 
that  there  is  a tendency  to  definite  combination  appears  from  Homberg’s 
experiments,  wdio  kept  equal  parts  of  gold  and  silver  in  fusion  for  a 
quarter  of  an  hour,  and  found  on  breaking  the  crucible  that  the  ingot 
consisted  of  two  distinct  portions;  the  uppermost  being  pure  silver,  and 
the  lowermost,  gold,  combined  with  one-sixth  of  silver:  the  density  of 
this  alloy  is  a little  below  the  mean,  and  the  color  of  gold  is  rendered 
paler  by  a twentieth  part  of  silver.  The  standard  gold  which  is  at  pre- 
sent coined  is  for  the  most  part  alloyed  with  copper  only ; previous  to  the 
year  1826,  the  alloy  always  consisted  in  part  of  silver,  hence  the  paler 
color  of  the  sovereigns  and  half  sovereigns  of  former  coinages : an  alloy 
composed  of  equal  parts  of  silver  and  copper  furnishes  the  best  addition 
to  gold  for  the  purpose  of  coinage,  and  it  is  to  be  regretted  that  this 
requisite  portion  of  silver  is  not  made  part  of  the  value  of  the  coin,  by 
which  the  system  of  melting  our  gold  coin  for  the  purpose  of  extract- 
ing its  silver  would  be  prevented,  and  the  perfection  and  facility  of 
coinage  ensured.  To  separate  the  silver  from  gold,  the  alloy  is  melted 
with  great  excess  of  silver,  granulated,  and  boiled  in  sulphuric  acid,  by 
which  the  silver  is  oxidized  and  converted  into  sulphate  of  silver,  and 
the  metallic  gold  remains  in  the  form  of  an  insoluble  black  powder, 
which  is  afterwards  collected,  washed,  and  fused  into  a button  or  ingot. 
In  the  same  way,  the  small  quantity  of  gold  contained  in  silver  coin, 
which  used  to  pass  unheeded,  is  extracted  by  sulphuric  acid;  the  recently 
coined  silver  will  accordingly  be  found,  in  most  cases,  destitute  of  those 
traces  of  gold  which  are  contained  in  our  coin  of  a date  anterior  to  1826, 
and  in  Spanish  dollars  and  much  other  foreign  silver.  When  gold  and 
silver  are  parted  by  the  action  of  nitric  acid,  it  is  necessary,  as  in  the 
case  of  sulphuric  acid,  that  the  silver  should  be  in  great  excess;  it  is 
otherwise  partially  protected  from  the  solvent  power  of  the  acid.  Not 
only  are  small  portions  of  silver  volatilized,  or  in  some  way  carried  off  by 
the  nitrous  vapor,  but  gold  may  also  be  detected  in  the  condensed  fumes. 
In  parting  furnaces,  the  nitrous  fumes  are  sometimes  carried  downwards 
60  as  to  pass  through  the  fire,  and  in  these  cases  traces  of  the  precious 
metals  are  found  in  the  cinders  or  ashes.  (Johnson.) 

Assay  of  Gold.  The  analysis  of  most  of  the  alloys  of  gold  is  per- 
formed by  cupellation.  A triple  alloy  of  gold,  silver,  and  copper,  provided 
there  be  a sufficiency  of  silver  present,  may  be  analyzed  by  digesting  it 
in  nitric  acid,  which  takes  up  the  silver  and  copper,  and  leaves  the  gold 
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in  the  form  of  a black  powder,  which  may  be  fused  into  a button;  the 
silver  may  he  thrown  down  in  the  state  of  chloride  by  solution  of  com- 
mon salt,  and  the  copper  precipitated  by  iron,  or  it  may  be  thrown  down 
and  weighed  as  oxide.  The  assay  of  gold  is  more  complicated  than  that 
of  silver,  in  consequence  of  the  double  operation  which  it  has  to  undergo, 
namely,  first  cupellation,  and  then  the  separation  of  the  silver  from  the 
gold  by  the  action  of  nitric  acid.  The  real  quantity  of  gold  or  silver 
taken  for  an  assay  is  very  small ; whatever  it  may  be,  it  is  called  the 
assay  poicnd.  The  silver  assay  pound  is  divided  into  12  ounces,  and 
each  ounce  into  penny-weights  and  half  penny-weights.  The  gold  assay 
pound  is  subdivided  into  24  carats,  and  each  carat  into  4 carat  grains, 
quarters,  and  eighths.  (Aikin’s  Dictionary,  Art.  Assay.  See  also  the 
authorities  above  quoted,  under  the  Assay  of  Silver.) 

Characters  of  the  Salts  of  Gold.  It  will  be  observed  from  the 
preceding  account,  that  there  are,  strictly  speaking,  very  few  crystallizable 
or  definite  oxysalts  of  gold,  but  that  it  forms  haloid  combinations,  which 
are  easily  decomposed  and  reduced  by  heat ; such  of  these  as  are  soluble, 
are  recognised  by  the  peculiar  precipitates  which  they  afford  with  proto- 
chloride or  sesqui chloride  of  tin,  and  with  protosulphate  of  iron,  and  by 
a black  precipitate  witli  nitrate  of  suboxide  of  mercury.  The  facility 
of  their  decomposition  by  some  other  reducing  agents  is  also  very  remark- 
able ; thus  phosphorous,  and  hypophosphorous  and  phosphorous  acids,  sul- 
phurous acid  and  the  sulphites,  nitrous  acid  and  nitric  oxide  gas,  all 
throw  down  metallic  gold  from  the  solution  of  its  chloride  Some  organic 
salts  and  acids  also  produce  characteristic  effects  upon  the  solution  of  chlo- 
ride of  gold,  and  amongst  them  the  meconic  acid,  as  was  first  observed  by 
Cooper,  occasions  a black  or  purple  color  in  extremely  dilute  solutions  of 
gold:  this  test  is  often  of  use  in  recognising  the  presence  of  opium: 
a single  drop  of  tincture  of  opium  in  8 ounces  of  water  is  sufficient  to 
occasion  a discoloration  on  the  addition  of  a drop  or  two  of  a solution  of 
chloride  of  gold.  Gold  is  precipitated  in  the  metallic  state  from  its  chlo- 
ride, or  hydrochloric  solution,  by  the  greater  number  of  the  metals:  iron, 
copper,  zinc,  and  tin,  rapidly  effect  this  reduction;  lead,  mercury,  and 
antimony,  more  slowly;  the  tardiness  of  action  is  sometimes  caused  by 
the  adhesion  of  a film  of  gold  to  the  precipitating  metal.  When  silver  is 
used,  the  production  of  its  chloride  also  impedes  the  effect : and  the  same 
happens  with  palladium.  The  gold  is  generally  separated  in  the  form  of 
a brown  powder;  but  copper,  iron,  zinc,  and  cadmium,  occasion  the 
appearance  of  a bright  film:  and  bismuth,  antimony,  arsenic,  and  palla- 
dium, become  coated  with  a hrilliant  covering.  Tin,  after  the  separation 
of  a part  of  the  gold,  forms  the  purple  of  Cassius.  The  color  and  perfec- 
tion of  the  metallic  precipitation  of  gold  is  much  influenced  by  the  nature 
and  state  of  dilution  of  the  salt  from  which  it  is  precipitated,  and  where 
electro-chemical  depositions  are  resorted  to,  the  electrical  power  emploj-ed, 
as  well  as  the  nature  and  temperature  of  the  auriferous  liquor,  require 
careful  attention  and  management,  in  order  to  ensure  a uniform,  brilliant, 
and  adhering  coating.  The  other  distinctive  characters  of  the  salts  of 
gold  will  be  obvious  from  the  preceding  details. 
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§ XXXIII.  PLATINUM.  Pt.  99. 

This  metal  was  first  made  known  in  Europe  by  Mr.  Charles  Wood, 
who  met  with  its  ore  in  the  AVest  Indies,  in  1741,  and  sent  specimens  of 
it  to  Dr.  Brownrigg,  Avhich  he  afterwards  presented  to  the  Poyal  Society. 
In  1750,  a paper  was  published  upon  it  by  Mr.  Wood  (Phil.  Tra?is.)y 
and  by  Dr.  Lewis,  in  1754.  In  1752  a dissertation  upon  it  was  pub- 
lished by  Scheffer,  of  Sweden;  and  in  1757  by  Margraaf.  (Mem.  Berlin.) 
The  labors  of  later  experimentalists  in  reference  to  this  metal,  I shall 
presently  have  occasion  to  quote.  Its  name  is  a diminutive  of  the  Spanish 
word  plata.^  silver. 

Platinum  is  found  in  the  metallic  state,  in  small  grains,  in  South 
America,  confined  to  streams  and  to  alluvial  strata,  chiefly  in  Brazil  and 
Peru.  It  has  also  been  found  in  the  province  of  Antioquia,  in  North 
America;  and  in  considerable  quantities  in  the  Uralian  mountains  of 
Siberia.  (Edin.  Quart.  Jour,  of  Science.,  v.  323.)  The  grains,  besides 
platinum,  contain  generally  gold,  iron,  lead,  palladium,  rhodium,  iridium, 
and  osmium,  and  often  oxide  of  titanium  and  chromate  of  iron.  Rounded 
masses  of  the  metal,  however,  occasionally  occur  among  them,  and  are 
met  with  in  mineral  collections;  these  are  rarely  larger  than  a pea  or  a 
small  marble,  though  some  have  been  found  of  the  size  of  a pigeon’s  egg 
and  upwards.  In  1827  a mass  of  this  metal  weighing  somewhat  more 
than  9|-  pounds  avoirdupois,  was  found  in  the  Ural;  its  sp.  gr.  was  16. 
(Pog^end.,  X.  4870  Boussingault  has  discovered  veins  of  platinum  in 
the  sienitic  rocks  of  Santa  Rosa,  in  the  province  of  Antioquia.  (Ann.  de 
Ch.  et.  Ph..,  xxxiiO  Traces  of  platinum  have  also  been  detected  in  the 
auriferous  sand  of  the  Rhine,  and  in  the  gold  of  AVilhelmshiitte  in  the 
Ilartz. 

The  following  analyses  of  the  ore  of  platinum  from  five  different 
localities  are  given  by  Berzelius.  (Lehrhuch.) 


Nischne-Tagilsk,  in 
Siberia. 

Gorobla- 
goklat,  in 
Siberia. 

Barbacoas, 
Antioquia, 
S.  America. 

Clioco, 

S.  America. 

Pinto, 

S.  America. 

Not 

magnetic. 

Magnetic. 

Platinum  

78-94 

53-58 

86-50 

84-30 

86-16 

84-34 

Iridium 

4-97 

2-35 

1-46 

1-09 

2-58 

Rhodium  

0 86 

1-15 

1-15 

3-46 

2-16 

3-13 

Osmium  

1-03 

0-97 

0-19 

Palladium 

0*28 

0-30 

1-10 

1-06 

0-35 

1-66 

Iron  

11-04 

12-98 

8-32 

5-31 

8-03 

7-52 

Copper  

0-70 

6-20 

0-74 

0-40 

Osmic- iridium,  1 

and  other  sub-  / 

1-96 

2-30 

1-40 

0-72 

2-01 

1-87 

stances  J 

98-75 

97-86 

98-92 

98-08 

101-17 

101-29 
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Tlie  following  details  respecting  the  mode  of  purifying  crude  plati- 
num, and  rendering  it  malleable,  are  taken  from  J)r.  Wollaston’s  latest 
paper  upon  this  subject  published  in  the  Fhilosophical  Transactions  for 
1829^. 

“ The  usual  methods  of  giving  chemical  purity  to  this  metal,  by  solu- 
tion in  aqua  regia  and  precipitation  with  sal-ammoniac,  are  known  to 
every  chemist;  but  I doubt  whether  sufficient  care  is  usually  taken  to 
avoid  dissolving  the  iridium  contained  in  the  ore,  by  due  dilution  of  the 
solvent.  Ill  an  account  which  I gave  in  the  Fhilosophical  Transactions 
for  1804,  of  a new  metal,  llhodium,  contained  in  crude  platinum,  I have 
mentioned  this  precaution,  but  omitted  to  state  to  what  degree  the  acids 
should  be  diluted.  I noAV,  therefore,  recommend,  that  to  every  measure 
of  the  strongest  muriatic  acid  employed,  there  be  added  an  equal  measure 
of  water;  and,  that  the  nitric  acid  used  be  what  is  called  ‘single  aqua- 
fortis;’ as  well  for  the  sake  of  obtaining  a purer  result,  as  of  economy  in 
the  purchase  of  nitric  acid.  With  regard  to  the  proportions  in  which 
the  acids  are  to  be  used,  I may  say,  in  round  numbers,  that  muriatic 
acid,  equivalent  to  150  marble,  together  with  nitric  acid  equivalent  to 
40  marble,  will  take  100  of  crude  platinum;  but  in  order  to  avoid  waste, 
and  render  the  solution  purer,  there  should  be  in  the  menstruum  a redun- 
dance of  20  per  cent,  at  least  of  the  ore.  The  acids  should  be  allowed  to 
digest  three  or  four  days,  with  a heat  gradually  raised.  The  solution, 
being  then  poured  otf,  should  stand  until  a quantity  of  fine  pulverulent 
ore  of  iridium,  suspended  in  the  liquid,  has  subsided;  and  should  then  he 
mixed  with  41  parts  of  sal-ammoniac,  dissolved  in  about  five  times  their 
weight  of  water.  The  first  precipitate,  which  will  thus  be  obtained,  will 
weigh  about  165  parts,  and  will  yield  about  66  parts  of  pure  platinum. 
As  the  mother-liquor  will  still  contain  about  11  parts  of  platinum,  these, 
with  some  of  the  other  metals  yet  held  in  solution,  are  to  be  recovered 
by  precipitation  from  the  liquor  with  clean  bars  of  iron,  and  the  precipi- 
tate is  to  be  redissolved  in.  a proportionate  quantity  of  aqua  regia,  similar 
in  its  composition  to  that  above  directed:  but  in  this  case,  before  adding 
sal-ammoniac,  about  1 part  by  measure  of  strong  muriatic  acid  should 
be  mixed  with  32  parts  by  measure  of  the  nitromuriatic  solution,  to 
prevent  any  precipitation  of  palladium  or  lead  along  with  the  ammonio- 
muriate  of  platinum.  The  yellow  precipitate  must  be  well  washed, 
in  order  to  free  it  from  the  various  impurities  which  are  known  to  be 
contained  in  the  complicated  ore  in  question;  and  must  ultimately  be 
well  pressed,  in  order  to  remove  the  last  remnant  of  the  wasbiiigs.  It  is 
next  to  be  heated,  with  the  utmost  caution,  in  a black-lead  pot,  with  so 
low  a heat  as  just  to  expel  the  whole  of  the  sal-ammoniac,  and  to  occasion 
the  particles  of  platinum  to  cohere  as  little  as  possible;  for  on  this  depends 

the  ultimate  ductility  of  the  product. 

“ The  grey  product  of  the  platinum,  when  turned  out  of  the  ciucible, 
if  prepared  with  due  caution,  will  be  found  lightly  coherent,  and  must 
then  be  rubbed  between  the  hands  ot  the  operator,  in  order  to  piocuie, 
by  the  gentlest  means,  as  much  as  can  possibly  be  so  obtained  of  metallic 
powder,  so  fine  as  to  pass  through  a fine  lawn  sieve.  Ibe  coaisei  parts 

* See  Gmeliu’s  Handbuch  der  Chemie  (Edit.  1844)  for  a valuable  abstract  of  the 
several  methods  of  treating  the  ore  of  platinum  for  the  separation  of  the  metal. 
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are  then  to  be  ground  in  a wooden  bowl  with  a wooden  pestle,  but  on  no 
account  Avith  any  harder  material  capable  of  burnishing  the  particles  of 
platinum;  since  every  degree  of  burnishing  Avill  prevent  the  particles 
from  cohering  in  the  further  stages  of  the  process.  Since  the  Avhole  Avill 
require  to  be  Avell  washed  in  clean  water,  the  operator,  in  the  later  stages 
of  grinding,  will  find  his  work  facilitated  by  the  addition  of  water,  in 
order  to  remove  the  finer  portions  as  soon  as  they  are  sufficiently  reduced 
to  be  suspended  in  it. 

“Those  who  Avould  view  this  subject  scientifically  should  here  con- 
sider, that  as  platinum  cannot  be  fused  by  the  utmost  heat  of  our  furnaces, 
and  consequently  cannot  be  freed,  like  other  metals,  from  its  impurities, 
during  igneous  fusion,  by  fluxes,  nor  be  rendered  homogeneous  by  liqui- 
faction,  the  mechanical  diffusion  through  Avater  should  here  be  made  to 
answer,  as  far  as  may  be,  the  purposes  of  melting;  in  alloAving  earthy 
matters  to  come  to  the  surface  by  their  superior  lightness,  and  in  making 
the  solvent  poAvers  of  AA^ater  effect,  as  far  as  possible,  the  purifying  poAvers 
of  borax  and  other  fluxes  in  removing  soluble  oxides. 

“ By  repeated  washing,  shaking,  and  decanting,  the  finer  parts  of  the 
grey  poAvder  of  platinum  may  be  obtained  as  pure  as  other  metals  are 
rendered  by  the  various  processes  of  ordinary  metallurgy;  and,  if  noAv 
poured  over,  and  alloAved  to  subside  in  a clean  basin,  a uniform  mud  or 
pulp  Avill  be  obtained,  ready  for  the  further  process  of  casting. 

“ The  mould  Avhich  I have  used  for  casting  is  a brass  barrel  6f-  inches 
long,  turned  rather  taper  Avithin,  with  a vieAV  to  facilitate  the  extraction 
of  the  ingot  to  be  formed,  being  ]*]2  inches  in  diameter  at  top,  and  1*23 
inches  at  a quarter  of  an  inch  from  the  bottom,  and  plugged  at  its  larger 
extremity  Avith  a stopper  of  steel,  that  enters  the  barrel  to  the  depth  of  a 
quarter  of  an  inch.  The  inside  of  the  mould  being  noAv  Avell  greased  Avith 
a little  lard,  and  the  stopper  being  fitted  tight  into  the  barrel  by  sur- 
rounding it  Avith  blotting-paper,  (for  the  paper  facilitates  the  extraction 
of  the  stopper,  and  alloAvs  the  escape  of  Avater  during  compression,)  the 
barrel  is  to  be  set  upright  in  a jug  of  water,  and  is  itself  to  be  filled  Avith 
that  fluid.  It  is  next  to  be  filled  quite  full  AAuth  the  mud  of  platinum; 
Avhich,  subsiding  to  the  bottom  of  the  Avater,  is  sure  to  fill  the  barrel 
Avithout  cavities,  and  Avith  uniformity,  a uniformity  to  be  rendered 
perfect  by  subsequent  pressure.  In  order,  hoAvever,  to  guard  effectually 
against  cavities,  the  barrel  may  be  Aveighed  after  filling  it,  and  the  actual 
Aveight  of  its  contents  being  thus  ascertained,  may  be  compared  Avith  that 
Aveight  of  platinum  and  Avater  aaIucIi  it  is  known  by  estimate  that  the 
barrel  ought  to  contain.  A circular  piece  of  soft  paper  first,  and  then  of 
Avoollen  cloth,  being  laid  upon  the  surface,  alloAV  the  AA^ater  to  pass,  during 
partial  compression  by  the  force  of  the  hand  Avith  a Avooden  plug.  A 
circular  plate  of  copper  is  then  placed  upon  the  top,  and  thus  sutficient 
consistency  is  given  to  the  contents  to  alloAv  of  the  barrel  l)eing  laid 
horizontally  in  a forcible  press. 

“ The  press  Avhich  I have  generally  used  for  this  purpose  consists  of 
a flat  iron  bar  A B,  set  edgeAvays,  and  screwed  doAAUi  by  a hook  E,  near 
its  middle,  Avhere  it  Avould  otherAAuse  be  liable  to  bend,  to  a strong  Avooden 
bench  CD.  The  bar  is  connected  by  a pivot  at  its  extremity  A,  Avith 
the  lever  AEG.  An  iron  rod  FH,  Avhich  turns  at  its  tAAm  extremities 
upon  the  pivots  F and  H,  proceeds  from  the  lever  at  F,  and,  as  the  lever 
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descends,  propels  fonvard  the  carriage  I,  which  slides  along  the  bar.  A 
stopper  or  block  being  placed  in  the  vacant  space  I/r,  the  carriage  com- 
municates motion  to  the  cradle  klm,  which  is  also  made  to  slide  along 
the  bar,  and  carries  the  barrel  N,  which  lies  upon  the  cradle,  straight 
against  the  piston  O,  which  rests  by  its  end  against  P,  a projection  in  the 
further  extremity  of  the  bar. 


‘‘The  weight,  which  in  this  machine,  when  the  angle  of  the  levers 
elevation  is  small,  will  keep  the  power,  applied  vertically  at  the  extre- 

• X.  . AGxFH 

mity  ot  the  lever,  in  equiliorio  ■=.  that  power  X ^ cotan. 

of  the  angle  of  the  lever’s  elevation;  which  expression,  in  the  case  of  the 
press  actually  used,  becomes,  power  X 5 cotan.  of  the  angle  of  the  lever’s 
elevation.  This  expression,  at  an  elevation  of  5°,  becomes  nearly  60  x 
power,  and  at  an  elevation  of  10  becomes  nearly  300  X power;  and  when 
the  lever  becomes  horizontal,  the  multiplier  of  the  power  becomes  quasi 
infinite.  This  explanation  will  be  sufficient  to  show  the  mechanical 
advantage  with  which,  by  means  of  this  press,  the  weight  of  the  operator, 
acting  on  the  end  of  the  lever,  will  be  made  to  bear  against  the  area  of 
the  section  of  the  barrel,  a circle  little  more  than  an  inch  in  diameter. 
After  compression,  which  is  to  be  carried  to  the  utmost  limit  j)ossible, 
the  stopper  at  the  extremity  being  taken  out,  the  cake  of  platinum  will 
easily  be  removed,  owing  to  the  conical  form  of  the  barrel;  and  being 
now  so  hard  and  firm  that  it  may  be  handled  without  danger  of  breaking, 
it  is  to  be  placed  upon  a charcoal  fire,  and  there  heated  to  redness,  in  order 
to  drive  off  moisture,  burn  off  grease,  and  give  to  it  a firmer  degree  of 
cohesion.  It  is  next  to  be  heated  in  a wind-furnace;  and  for  this  purpose 


is  to  be  raised  upon  an  earthen  stand  about  2^  inches  above  the  grate  of 
the  furnace,  the  stand  being  strown  over  with  a layer  of  clean  quartzose 
sand,  on  which  the  cake  is  to  be  placed,  standing  upright  on  one  of  its 
ends.  It  is  then  to  be  covered  with  an  inverted  cylindrical  pot,  of  the 
most  refractory  crucible  ware,  resting  at  its  open  end  upon  the  layer  of 
sand;  and  care  is  to  be  taken  that  the  sides  of  the  pot  do  not  touch  the 
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cake.  To  prevent  tlie  blistering  of  tlie  platinum  by  heat,  which  is  the 
usual  defect  of  this  metal  in  its  manufactured  state,  it  is  essential  to 
expose  the  cake  to  the  most  intense  heat  that  a wind-furnace  can  be  made 
to  receive,  more  intense  than  the  platinum  can  well  be  required  to  bear 
under  any  subsequent  treatment;  so  that  all  impurities  may  be  totally 
driven  off,  which  any  lower  temperature  might  otherwise  render  volatile. 
The  furnace  is  to  be  fed  with  Staffordshire  coke,  and  the  action  of  the  fire 
is  to  be  continued  for  about  twenty  minutes  from  the  time  of  lighting  it, 
a breathing  heat  being  maintained  during  the  last  four  or  five  minutes. 
Tlie  cake  is  now  to  be  removed  from  the  furnace,  and  being  placed  up- 
right upon  an  anvil,  is  to  be  struck,  while  hot,  on  the  top,  with  a heavy 
hammer,  so  as  at  one  heating  effectually  to  close  the  metal.  If  in  this 
process  of  forging  the  cylinder  should  become  bent,  it  should  on  no 
account  be  hammered  on  the  side,  by  which  treatment  it  Avould  be  cracked 
irremediably;  but  must  be  straightened  by  blows  upon  the  extremities, 
dexterously  directed,  so  as  to  reduce  to  a straight  line  the  parts  which 
project. 

“ The  work  of  the  operator  is  now  so  far  complete,  that  the  ingot  of 
platinum  may  be  reduced,  by  the  process  of  heating  and  forging,  like 
that  of  any  other  metal,  to  any  form  that  may  be  required.  After  forging, 
the  ingot  is  to  be  cleaned  from  the  ferruginous  scales  which  its  surface  is 
apt  to  contract  in  the  fire,  by  smearing  over  its  surface  with  a moistened 
mixture  of  equal  parts  by  measure  of  crystallized  borax  and  common  salt 
of  tartar,  which,  when  in  fusion,  is  a ready  solvent  of  such  impurities, 
and  then'exposing  it,  upon  a platinum-tray,  under  an  inverted  pot,  to  the 
heat  of  a wind-furnace The  ingot,  on  being  taken  out  of  the  furnace,  is 
immediately  to  be  plunged  into  dilute  sulphuric  acid,  which  in  the  course 
of  a few  hours  will  entirely  dissolve  the  flux  adhering  to  the  surface. 
The  ingot  may  then  be  flattened  into  leaf,  drawn  into  wire,  or  submitted 
to  any  of  the  processes  of  which  the  most  ductile  metals  are  capable. 

“ The  perfection  of  the  methods  above  described,  for  giving  to  platinum 
complete  malleability,  will  best  be  estimated  by  comparing  the  metal  thus 
obtained,  in  respect  of  its  specific  gravity,  with  platinum  which  has  under- 
gone complete  fusion;  and  by  comparing  it,  in  respect  of  its  tenacity, 
with  other  metals  possessing  that  quality  in  the  greatest  perfection.  The 
specific  gravity  of  platinum,  drawn  into  fine  wire,  from  a button  which 
had  been  completely  fused  by  the  late  Dr.  E.  D.  Clarke,  with  an  oxy- 
hydrogen  blow-pipe,  I found  to  be  21 T6.  The  aggregate  specific  gravity 
of  the  cake  of  metallic  mud,  when  first  introduced  into  the  barrel,  exclu- 
sively of  moisture,  is  about  4'3;  when  taken  from  the  press  it  is  about 
10.  That  of  the  cake  fully  contracted,  on  being  taken  out  of  the  wind- 
furnace  before  forging,  is  from  J 7 to  17‘7‘  The  mean  specific  gravity  of 


“The  chemist  will  find  this  flux  very 
serviceable  for  removing  from  his  cruci- 
ble or  other  vessels  of  platinum  those  fer- 
ruginous scales  with  which,  after  long  use, 
and  particularly  after  being  strongly  heated 
in  a coal  or  coke  fire,  they  become  in- 
crusted.  In  the  analysis  of  earthy  mi- 
nerals, I have  been  in  the  habit  of  using  a 
similar  flux,  composed  of  two  parts  by 
weight  of  crystallized  carbonate  of  soda, 


and  one  of  crystallized  borax,  well  ground 
together.  It  has  the  advantage  of  not  act- 
ing, like  caustic  alkali,  upon  the  platinum 
crucible,  and  is  a powerful  solvent  of 
jargon  and  many  other  minerals,  which 
yield  with  difiiculty  to  other  fluxes.  If  the 
mineral  to  be  operated  on  requires  oxida- 
tion, in  order  to  decompose  it,  a little  nitre 
or  nitrate  of  soda  may  be  added.” 
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tlie  platinum,  after  forging,  is  about  21-25,  althougli  that  of  some  rods, 
after  being  drawn,  is  21-4;  but  that  of  tine  platinum  wire,  determined  by 
comparing  the  weight  of  a given  length  of  it  with  the  weight  of  an  equal 
length  of  gold  wire  drawn  through  the  same  hole,  I find  it  to  be  21-5, 
'wliich  is  the  maximum  specific  gravity  that  we  can  well  expect  to  be 
given  to  platinum. 

“ The  mean  tenacity,  determined  by  the  weights  required  to  break 
them,  of  two  fine  platinum- wires,  the  one  of  other  of  q of 

an  inch  in  diameter,  reduced  to  the  standard  of  a wire  of  an  inch  in 
diameter,  I found  to  be  409  pounds;  and  the  mean  tenacity  of  eleven 
wires,  beginning  with  and  ending  with  reduced 

to  the  former  standard,  I found  to  be  589  pounds;  the  maximum  of  these 
eleven  cases  being  645  pounds,  and  the  minimum  480  pounds.  The 
coarsest  and  the  finest  wire  which  1 tried  present  exceptions,  since  a wire 
of  y-l  - of  an  inch  gave  290  pounds,  and  a wire  of  of  an  inch,  190 

pounds.  If  we  take  590  pounds,  as  determined  by  the  eleven  consecutive 
trials,  to  be  the  measure  of  the  tenacity  of  the  platinum  prepared  by  the 
process  above  described,  and  consider  that  the  tenacity  of  gold-wire, 
reduced  to  the  same  standard,  is  about  500,  and  that  of  iron-wire  600, 
we  shall  have  full  reason  to  be  satisfied  witli  the  processes  above  detailed, 
by  which  platinum  has  been  rendered  malleable*.” 

The  specific  heat  of  platinum,  as  determined  by  Dulong  and  Petit,  is 
0-0314,  and  by  Pegnault,  0*03243.  While,  therefore,  the  atomic  Aveight 
of  platinum  is  the  same  as  that  of  iridium,  its  specific  heat  is  sensibly 
different,  (that  of  iridium  0-03683,)  but  this  probably  arises  from  mecha- 
nical causes,  as  iridium  cannot  be  obtained  by  artificial  means  of  the  same 
density  as  when  native.  (Berzelius.)  Its  color  is  between  that  of  iron 
and  silver.  When  pure  and  free  from  iridium,  it  scarcely  yields  in  mal- 
leability to  gold  and  silver,  and  it  is  excessiAmly  ductile,  and  takes  a good 
polish.  In  its  ordinary  state  it  retains  a little  iridium,  and  admits  of 
drawing  into  Avire  of  I-l 940th  of  an  inch  diameter,  and  is  harder  than 
copper,  but  softer  than  iron.  According  to  Berzelius,  the  presence  of  a 
little  iridium  improves  the  strength  and  useful  qualities  of  platinum.  Ac- 
cording to  Wollaston,  the  tenacity  of  platinum,  as  already  stated,  closely 
approaches  that  of  iron.  The  specific  gravity  of  pure  platinum  exceeds 
that  of  all  other  substances,  fluctuating  betAveen  21  and  22.  Berzelius 
gives  it  as  =:  21*45,  Wollaston  21*53,  and  Klaproth,  21*74.  Its  extreme 
difficulty  of  fusion,  and  the  perfect  manner  in  AAdiich  it  resists  the  action 
of  almost  all  acids,  at  a boiling  or  eA^en  at  a red-heat,  render  it  import- 
antly useful  in  many  of  the  arts,  and  indispensable  for  various  purposes 
in  the  chemical  laboratory;  in  sliort,  in  these  respects,  it  unites  the  valu- 
able properties  of  gold  Avith  those  of  porcelain.  4 he  curious  catalytic 
action  of  clean  surfaces  of  platinum,  and  of  pulvendent  and  spuugij 
plalinunp  and  black  plaLinum  upon  gaseous  mixtures,  and  es])ecially 
in  determining  the  combination  of  oxygen  and  hydrogen,  has  also 
rendered  it  useful  in  gaseous  analyses,  and  seems  likely  to  lead  to  other- 
applications.  A piece  of  paper,  dipped  into  solution  of  chloride  of  pla- 
tinum, dried  and  burned,  yields  an  ash  Avhich  exhibits  the  properties  of 


* The  method  followed  in  Paris  for 
[Quart.  Jnura.  Science,  xii.) 

VoL.  II. 


obtaining  pure  platinum  is  described  Ijy  Baruel. 
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finely-divided  platinum  in  perfection.  This  catalytic  action  of  platinum 
appears  increased  in  proportion  to  the  mechanical  division  of  the  metal 
and  the  perfect  cleanliness  of  its  surface. 

Catalytic  platinum  may  he  prepared  in  several  ways.  (1.)  By  fusing 
together  1 part  of  platinum  and  2 of  zinc,  and  acting  upon  the  alloy  by 
dilute  sulphuric  acid;  then  boiling  the  residuary  pulverulent  platinum 
first  in  nitric  acid,  then  in  a solution  of  caustic  potassa,  and  lastly  in  dis- 
tilled water:  when  dry  it  is  a dark-grey  powder,  without  metallic  lustre. 
(2.)  Ammonio-chloride,  or  potassio-chloride  of  potassium,  is  mixed  with 
dilute  hydrochloric  acid,  and  pure  zinc  put  into  the  mixture ; the  platinum 
is  reduced,  and  must  be  digested  in  warm  nitric  acid,  or  dilute  sulphuric 
acid,  to  remove  adhering  zinc.  (Bottger,  Ann.  der  Vliarm..,  xxxvii.  116.) 
(3.)  Protochloride  of  platinum  is  dissolved  in  a strong  warm  solution  of 
caustic  potassa,  and  alcohol  added  whilst  the  mixture  is  stirred,  till  the 
effervescence,  arising  from  the  escape  of  carbonic  acid,  ceases,  and  which 
is  so  violent  as  to  require  the  use  of  a capacious  vessel : the  platinum  falls 
in  the  form  of  a black  powder,  from  which  the  supernatant  liquor  is 
poured  off:  the  powder  is  then  boiled  successively  in  alcohol,  in  hydro- 
chloric acid,  and  in  solution  of  potassa,  and  lastly  in  four  or  five  portions 
of  distilled  water.  If  the  alcohol  were  not  entirely  removed,  the  powder 
w^ould  ignite  on  drying,  and  lose  its  catalytic  power.  When  dry,  it  looks 
like  lamp-black,  but  acquires  a metallic  aspect  after  having  been  heated 
white-hot.  (Liebig.) 

Catalytic  platinum  absorbs  gases  (in  the  same  way  as  charcoal?)  and, 
without  combining  Avith  it,  they  become  condensed  in  its  pores:  it  thus 
absorbs  from  30  to  40  volumes  of  ammonia,  and  Avhilst  thus  saturated,  its 
catalytic  power  is  destroyed.  Liebig^s  platinum  black,  when  exposed  to 
air,  absorbs  oxygen  only,  to  the  extent  of  250  times  its  A'olume.  It  induces 
various  combinations:  its  action  on  mixtures  of  oxygen  and  hydrogen,  and 
its  applications  to  eudiometrical  purposes,  &c.,  have  already  been  else^ 
where  noticed,  as  also  its  poAver  of  inducing  a variety  of  other  combina- 
tions and  decompositions,  (p.  304.) 

Although  platinum  is  infusible  in  the  highest  heat  of  a furnace,  it 
softens  so  as  to  admit  of  Avoiding  and  forging,  as  above  stated;  but  in  the 
arc  of  flame  of  the  voltaic  current,  and  before  the  oxyhydrogen  bloAV-pipe, 
it  admits  of  being  fused  even  in  considerable  masses,  and  Avhen  very 
intensely  heated  it  boils  and  evaporates,  and  thin  filaments  of  it  scintillate 
and  appear  to  burn.  Dumas  states  that  Avhen  platinum  is  fused  in  con- 
tact Avitli  common  charcoal,  it  becomes  harsh  and  brittle  by  combination 
Avith  a little  silicium. 

Although  pure  platinum  is  insoluble  in  nitric  acid,  yet  when  adequately 
alloyed  Avith  certain  other  metals  soluble  in  that  acid,  it  is  taken  up;  as  for 
instance,  Avith  silver.  It  is  attacked  at  high  temperatures  by  the  alkalis, 
especially  by  lithia  and  potassa,  and  also  by  nitre  and  the  alkaline  per- 
sulphurets:  it  is  not  affected  by  sulphur  unless  in  the  spongy  or  finely- 
divided  state,  but  it  combines  Avith  the  greater  number  of  the  metals,  and 
Avith  many  of  them  forms  very  fusible  compounds ; these  actions  Avill  be 
presently  particularly  considered;  they  shoAV  the  necessity  of  caution  as  to 
the  substances  which  are  ignited  or  fused  in  platinum  crucibles,  and  as  to 
the  fuel  with  Avhich  they  are  brought  into  contact. 

The  determination  of  the  equivalent  of  platinum  is  open  to  the  same 
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difficulties  as  that  of  gold.  I have  adopted  99,  wliicli  will  he  found 
sufficiently  consistent  with  the  analytical  results  which  I shall  quote. 
Turner,  upon  the  authority  of  Berzelius,  assumes  98-8,  and  L.  Gmelin, 
who  formerly  adopted  the  lower  equivalent,  48,  now  uses  99.  The  num- 
ber 99  nearly  agrees  with  the  deduction  from  its  specific  heat  (p.  62). 

Platinum  and  Oxygen.  The  affinity  of  this  metal  for  oxygen  is  like 
that  of  gold  extremely  feeble;  it  shows  no  disposition  to  become  an  oxide, 
by  exposure  to  air  or  oxygen  at  any  temperature;  and  although  a strong 
electric  discharge,  when  transmitted  through  a fine  platinum-wire,  dissi- 
pates it  into  black  dust,  this,  as  in  the  analogous  case  of  gold,  is  probably 
finelj'-divided  metal,  and  not  the  result  of  combustion  or  oxidizement. 
Four  definite  oxides  of  platinum  are  supposed  to  exist,  but  of  these  only 
two  can  he  satisfactorily  identified. 

Protoxide  of  Platinum.  PtO.  When  protochloride  of  platinum  is 
gently  heated  in  a solution  of  caustic  potassa,  a black  oxide  is  formed, 
part  of  which  is  dissolved  by  the  alkali,  and  part  precipitated : it  may  be 
thrown  down  from  its  alkaline  solution,  which  is  green,  or  black  if  con- 
centrated, by  dilute  sulphuric  acid.  Heated  in  a retort,  it  is  reduced,  with 
the  escape  of  water  and  oxygen  gas.  It  slowly  dissolves  in  the  acids, 
most  of  which  decompose  it  and  resolve  it  into  peroxide  and  metal: 
its  solutions  are  not  precipitated  by  sal-ammoniac.  Concentrated  hydro- 
chloric acid  is  its  best  solvent.  When  cautiously  dried,  it  consists  of 


Berzelius. 

Platinum  1 ....  99  ....  92‘52  ....  92'40 

Oxygen  1 ....  8 ....  7*48  ....  7-GO 


Protoxide  of  platinum  1 107  100  00  lOO’OO 

By  mixing  a hot  dilute  solution  of  perchloride  of  platinum  with  a 
solution  as  neutral  as  possible  of  nitrate  of  suboxide  of  mercury.  Cooper 
obtained  a brown  precipitate,  which,  when  carefully  heated,  gave  otf  calo- 
mel, and  left  a black  powder,  composed  of  about  95-8  platinum  and  42 
oxygen:  he  considers  it  as  a suboxide  of  platinum  =:  Pt2  0,  and  recom- 
mends it  as  the  base  of  a good  black  enamel.  {Quart.  Journ.  of  Science 
and  Arts,  iii.)  This  is,  however,  probably  a mixture  of  oxide  of  platinum 
and  of  the  metal  in  the  state  of  very  fine  division,  for  the  proportion  of 
oxygen  varies  wdth  the  mode  of  drying.  (Phillips.  Ajui.  Phil.,  xxii. 
198.) 

When  sulphate  of  platinum  is  decomposed  by  ammonia,  and  the  pre- 
cipitate boiled  in  weak  solution  of  potassa  and  cautiously  dried,  it  consti- 
tutes"when  this  is  digested  in  nitric  acid  a grey 
powder  remains,  composed  of  100  platinum,  11*86  oxygen.  (E.  Davy, 
Phil.  Trans.,  1820.)  When  spongy  platinum  is  heated  to  redness  in  an 
open  vessel  with  caustic  potassa,  and  the  product,  when  cold,  washed  with 
water,  a grey  powder  is  obtained,  which  is  partly  dissolved  by  the  alkali: 
the  residue,  washed  wdth  dilute  nitric  acid,  and  afterwards  with  waiter, 
contains  10'5  per  cent,  of  oxygen,  and  is  regarded  by  E.  Davy  as  a defi- 
nite sesquioxide  of  platinum  zr:  Pt2  03;  it  is,  however,  generally  consi- 
dered as  a mixture  of  the  protoxide  and  peroxide. 

Binoxide  of  Platinum.  Peroxide  of  Platinum.  Pt02.  When 
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sulphuret  of  platinum  is  digested  in  nitric  acid,  and  carefully  evaporated, 
or  when  percliloride  of  platinum  is  gently  heated  in  sulphuric  acid,  a 
dark-hrown  solution  of  j)ersiilphaie  of  plaLiniim  is  obtained : if  this  solution 
be  mixed  with  nitrate  of  baryta,  sulphate  of  baryta  is  thrown  down, 
and  a nitric  solution  of  peroxide  of  platinum  remains;  this  may  be  in 
part  decomposed  by  solution  of  caustic  soda,  which  at  first  forms  a yellow 
precipitate,  becoming  brown  when  carefully  washed  and  dried,  and  which 
is  a liydraled  peroxide:  if  too  much  soda  be  added,  a basic  salt  also  falls. 
Heated  in  a retort,  this  hydrate  first  gives  out  water  and  becomes  black; 
at  a higher  temperature  it  evolves  oxygen,  and  is  reduced:  it  has  a very 
feeble  attraction  for  the  acids,  but  readily  combines  with  many  of  the 
salifiable  bases;  it  dissolves  in  the  caustic  and  carbonated  alkalis,  and 
may  be  combined  with  lime,  strontia,  and  baryta,  by  adding  those  earths 
to  its  acid  solution,  when  it  falls  in  union  with  them  in  the  form  of  a 
yellow  powder.  (Bp:rzelius.)  (See  also  a mode  of  preparing  this  oxide, 
by  AVittstein,  Chein.  Gaz.^  Jan.  1843.)  It  forms  a fulminating  ammo- 
niacal  compound,  similar  to  fulminating  gold.  This  oxide  consists  of 


Berzelius.  Chenevix.  Richter. 

Platinum 1 ....  99  ....  86-09  ....  85-87  ....  87  ....  89-3 

Oxygen  2 ....  16  ....  1391  ....  14-13  ....  13  ....  10-7 


Peroxide  of  platinum....  1 115  100-00  100-00  100  100*0 

When  the  alkalis  are  fused  in  contact  with  platinum,  the  metal  is  more 
or  less  acted  on,  and  compounds  of  the  alkali  and  oxide  of  platinum 
re.sult.  When  platinum  and  nitre  are  heated  together,  a browm  substance 
is  formed,  which,  when  acted  on  by  water,  is  resolved  into  a soluble  and 
insoluble  compound  of  oxide  of  platinum  and  potassa.  (Tennant.) 

Dobereiner  has  described  a compound  of  oxide  of  platinum  and  soda 
“Na0,3Pt02,6H0,  which  separates  in  the  form  of  a red  ciystalline  pre- 
cipitate, when  a solution  of  chloride  of  platinum  and  carbonate  of  soda  is 
exposed  to  the  sun’s  rays,  or  to  a temperature  of  212°.  The  same  com- 
pound is  formed  by  boiling  the  mixed  solution  of  the  two  salts  to  dry- 
ness; it  then  appears  as  a yellow  powder:  when  heated,  it  loses  water  and 
oxygen,  and  if  the  soda  be  dissolved  out  of  the  residue,  a black  powder 
remains,  which  is  a mixture  of  platinum  and  its  oxide.  {^Ann,  der  PJiarm.^ 
xiv.  21.) 

When  excess  of  lime  water  is  added  to  a solution  of  bichloride  of 
platinum,  no  precipitation  ensues  in  the  dark,  but  in  the  sun’s  rays  the 
mixture  becomes  presently  milky,  and  rapidly  deposits  a white  pulveru- 
lent precipitate;  in  violet  light  the  precipitate  also  ensues,  but  not  in  the 
red  or  yellow  rays.  (IIersciiel,  Phil.  Mag.  and  Journ..,  i.  58.)  From 
the  analysis  of  Weiss  and  Dobereiner,  (An?i.  der  Pharm..^  xiv.  18),  it 
appears  that  this  precipitate  is  a hydrated  compound  of  chloride  of  cal- 
cium, with  lime  and  peroxide  of  platinum,  having  the  formula  CaClJ- 
Ca0,2P02 -b  7HO. 

Protochloride  of  Platinum.  PtCl.  When  percliloride  of  platinum 
is  exposed  in  a porcelain  capsule  to  a temperature  not  exceeding  that  of 
melting  tin  (about  400°),  and  stirred  as  long  as  it  evolves  chlorine,  it  is 
converted  into  a grey  powder,  insoluble  in  water,  and  not  decomposed  by 
sulphuric  or  nitric  acids.  It  dissolves  in  boiling  hydrochloric  acid,  and  is 
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clecomposec^,  as  above  stated,  by  caustic  alkali,  vbich  separates  protoxide. 
It  IS  decomposed  at  a red-lieat,  and  oiilj  gives  out  chlorine,  'without  a 
trace  of  'water.  It  consists  of 


riatlniiin  . 
Chlorine 


Protocliloride  of  platinum 


1 ....  90  ....  73-4 
1 ....  99  ....  2G-G 


1 135  100*0 


Berzelius.  IVIagnus. 
73-3  ....  7:v(;2 

20*7  ....  26-38 


100  0 100*00 


A\  hen  alcohol  is  added  to  a hot  concentrated  solution  of  this  pro- 
tochloride in  liquid  potassa,  effervescence  ensues  from  the  escape  of  car- 
bonic acid,  and  Liebig’s  plaihnim  black  is  formed  (p.  1060):  it  should  ho 
separated  and  Avashed  by  decantation,  and  dried  in  a porcelain  capsule 
to  avoid  contact  of  organic  matter.  It  becomes  incandescent  'when 
moistened  'with  alcohol,  oxygen  is  absorbed,  and  acetic  acid  formed;  and 
it  immediately  inflames  a current  of  hydrogen  in  the  contact  of  air, 
whence  its  employment  already  adverted  to,  in  some  of  the  apparatus 
for  instantaneously  lighting  a spirit-lamp  or  taper. 


Protochloride  of  Platinum  and  Ammonia.  When  excess  of  ammo- 
nia is  added  to  the  hydrochloric  solution  of  protochloride  of  platinum,  and 
the  mixture  boiled,  it  becomes  turbid,  and  deposits  deep-green  acicular 
crystals,  insoluble  in  Avater  and  in  hydrochloric  acid,  Avhich  contain  the 
elements  of  I atom  of  protochloride  of  platinum  and  I of  ammonia;  Nils, 
PtCl.  (Magnus.)  This  salt  is  not  affected  by  boiling  caustic  fixed  alkalis, 
nor  by  boiling  sulphuric  or  hydrochloric  acid;  so  that,  as  Gros  observes,  it 
is  difficult  to  admit  that  it  contains  “ammonia  in  the  state  of  ammonia.” 
AVhen  it  is  digested  in  hot  nitric  acid  it  is  converted  into  a Avhite  granular 
crystalline  powder,  easily  soluble  in  Avater,  and  half  the  platinum  of  the 
green  salt  is  at  the  same  time  separated  in  its  metallic  state.  Neither  the 
chlorine  nor  the  platinum  of  this  nitric  salt  can  bo  detected  by  the  usual 
tests;  its  elements  are  1 atom  of  protochloride  of  platinum,  2 of  ammo- 
nia, 1 of  oxygen,  and  1 of  nitric  acid,  so  that  its  ultimate  elements  are 
Pt,Cl,N3,OG,IlG.  When  a hot  saturated  solution  of  this  nitric  salt  is 
mixed  Avitli  sulphate  of  soda,  the  nitric  acid  is  displaced  by  the  sulphuric, 
and  a corresponding  sulphate  obtained:  and  a hydrochlorate,  phosphate, 
oxalate,  &c.  may  be  similarly  formed  by  double  decomposition.  These 
salts  are  represented  by  Gros  as  containing  a compound  base,  Avhich  he 
compares  to  ammonium,  represented  by  Pt,Cl,N2  Il3=B.  nitrate 

Avill  then  be  BO,N05,  the  sulphate  BO,S03,  and  the  chloride  BCl,  Nx. 
{Ann.  Ch.  ct  Ph.^  Lxix.  204.) 

By  digesting  the  salt  discovered  by  Magnus,  NIl3,PtCl,  in  boiling 
ammonia,  Reiset  obtained  a salt  in  yelloAA'ish  crystals  peimanent  at  oidi- 
nary  temperatures,  becoming  opaque  at  230°,  and  not  losing  ammonia  till 
heated  to  482°,  AA'hen  a yelloAv  compound  is  formed,  which  at  a higher 
temperature  (about  570°  ) is  resolved  into  hydrochlorate  of  ammonia,  hy- 
drochloric acid,  metallic  platinum,  and  nitrogen.  Reiset  s crystals  yielded 
on  analysis  N2llG,PtCl,  + IIO : heated  to  232°  they  lose  their  atom  of  wnteis 
but  reassume  it  Avith  extraordinary  rapidity  from  the  atmosphere.  At  60° 
the  anhydrous  salt  is  soluble  in  4 parts  of  Avater,  and  is  throAvn  doAvn  by 
alcohol  and  ether  in  the  form  of  a white  crystalline  powder.  Although 
this  salt  apparently  includes  2 atoms  of  ammonia,  none  is  CAoUed  ])y  the 
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action  of  the  fixed  alkalis  at  common  temperature,  and  but  little  at  high 
temperatures  : its  composition  approaches  that  of  the  platinic  combina- 
tions discovered  by  Gros.  It  gives  rise  to  a curious  set  of  compounds 
having  for  their  base  N2H6,PtO,nO,  in  which  the  HO  is  replaceable  by 
an  acid  : thus,  with  a salt  of  silver,  the  chloride  N2H65PtCl,  gives  a pre- 
cipitate of  chloride  of  silver,  and  the  solution,  filtered  and  evaporated, 
gives  crystals  containing  no  chlorine : for  instance,  (A  representing  the 
acid,)  N2  H6,PtCl,-}- AgO,A,r=;AgCl-}-N2  H6,PtO,A;  and  thus  we  obtain 
the  ?zz7r^?^e=N2H6,Pt0,N05;  and  the  ^z//p/m^c,r=:N2H6,Pt0,S03.  (For 
the  deta  il  othese  researches,  see  Ann.  Ch.  et  Ph.^  August,  1844.) 

Ammonio-protochloride  op  Platinum.  NH4  Ci,PtCl,  is  obtained  by 
adding  1 equivalent  of  sal-ammoniac  to  1 of  protochloride  of  platinum 
dissolved  in  hydrochloric  acid  : it  forms  deep-red  crystals. 


PoTAssio-PROTOCHLORiDE  OP  Platinum.  KCl,PtCl.  This  salt  was 
obtained  by  Magnus  in  the  form  of  red  anhydrous  four-sided  prisms,  in- 
soluble in  alcohol,  by  evaporating  a solution  of  protochloride  of  platinum 
and  chloride  of  potassium  in  hydrochloric  acid.  {Poggend,.^  xiv.  241 .)  It 
consists  of 


Platinum 

1 .... 

99  . 

..  46-9  ^ 

" Protochloride  1 

1 

1 

Potassium 

1 ... 

40  . 

...  19-0 

- or  < 

of  platinum  j 
Chloride  of  1 

Chlorine 

2 ... 

72  . 

...  34-0  J 

potassium  J 

1 

211 

100-0 

1 

135  ....  63-9 

76  ....  36-1 

211  100-0 


SoDio- PROTOCHLORIDE  OP  Platinum,  similarly  obtained,  is  not  crystal- 
lizable,  and  very  soluble  in  alcohol. 

Bichloride  of  Platinum.  Perchloride  op  Platinum.  PtCl2. 
When  the  solution  of  pure  platinum  in  nitrohydrochloric  acid  is  evapo- 
rated, it  affords  a deep-brown  liquid  which  shoots  into  prismatic  crystals 
consisting  of  hydrated  perchloride  of  platinum  and  hydrochloric  acid;  on 
further  evaporation  it  yields  a brown  saline  mass,  which  becomes  deeper 
colored  upon  the  expulsion  of  its  combined  water.  It  is  then  a jjerchlo- 
ride  of  platinum^  yielding  a deep  yellow  solution  in  water,  and  easily 
soluble  in  alcohol  and  in  ether.  The  alcoholic  solution  is  a useful  re- 
agent to  detect  the  presence  of  potassa : the  salt,  the  base  of  wdiich  is  to 
be  ascertained,  is  first  heated  to  expel  ammonia,  in  case  any  should  be 
present;  it  is  then  dissolved  in  the  smallest  possible  quantity  of  water, 
and  mixed  with  the  alcoholic  solution  of  the  perchloride;  if  it  be  potassa, 
a double  salt,  insoluble  in  alcohol,  is  thrown  down;  if  not,  the  liquid 
remains  clear.  Of  this  double  potassium  salt,  100  parts  are  equivalent  to 
19*3  of  potassa,  and  to  40'4  of  platinum.  (Berzelius.)  Sulphurous 
acid  and  the  alkaline  sulphites  convert  this  perchloride  into  protochloride. 

Perchloride  of  platinum  consists  of 


Berzelius. 

Platimim 1 ....  99  ....  57'8  ....  58-01 

Chlorine  2 ....  72  ....  42-2  ....  41-99 


Bichloride  of  platinum  ....  1 


171 


100-0 


100-00 
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Ammonio-bictiloride  of  Platinum.  Ammonio-muriate  of  Plati- 
num. NIl4  Cl + PtCl2.  This  is  the  yellow  powder  which  falls  when 
solutions  of  bichloride  of  platinum  and  sal-ammoniac  are  mixed.  When 
it  is  exposed  to  heat  it  loses  a little  water,  and  a compound  of  sal- 
ammoniac  and  protochloride  of  platinum  is  at  first  formed ; at  a red  heat 
it  evolves  nitrogen,  hydrochloric  acid,  and  sal-ammoniac,  without  undergo- 
ing fusion,  and  the  platinum  remains  in  the  peculiar  spongy  state  before 
referred  to:  3[NH4Cl,PtCl2] rr;3Pt  + NH4  Cl -4-8IIC1 -f  2N.  This  am- 
monio-chloride  is  sparingly  soluble  in  pure  water;  (in  150  of  cold  and 
80  of  boiling  water:  1 part  gives  a yellow  color  to  20,000  of  water:)  it  is 
insoluble  in  cold  hydrochloric  acid,  and  falls  as  a crystalline  powder  from 
its  solution  in  hot  hydrochloric  acid.  (Fischer.)  It  is  almost  entirely 
insoluble  in  solution  of  sal-ammoniac,  and  it  is  insoluble  in  alcohol.  In 
organic  analysis  it  is  resorted  to  under  specific  precautions  as  the  quanti- 
tative indicator  of  nitrogen.  If  the  solution  from  which  it  is  precipitated 
contain  iridium  or  palladium,  it  has  a tawny-red  color;  these  may  be 
removed  by  boiling  in  dilute  nitric  acid  and  filtering  the  red  solution 
whilst  hot;  as  it  cools  it  deposits  a red  crystalline  powder,  which  is  gene- 
rally a triple  salt  of  iridium,  and  from  which  the  acid  may  be  poured  off 
for  use  as  before.  This  double  chloride,  when  carefully  dried,  contains  44 
inr  cent,  of  platinum  : it  is  a compound  of 


Platinum 

1 . 

...  99  ., 

,..  44-00) 

Bichloride  of 

...  171  ....76 

Chlorine  

2 . 

...  72  ., 

...  32-00  j 

platinum 

Ammonia  

1 . 

...  17  .. 

...  7-5G) 

Hydrochlorate  ' 

i 

...  54  ....  24 

Hydrochloric  acid  .... 

1 . 

...  37 

...  16-44  J 

of  ammonia  , 

Ammonio-bichloride  1 

1 

225 

10000 

1 

225  100 

of  platinum 


Its  ultimate  elements  are  as  follows : 


Platinum 1 ....  09  ....  44'00 

Chlorine  3 ....  108  ....  48'00 

Nitrogen  I ••••  14  ....  C’22 

Plydrogen  4 ....  4 ....  1'78 


Ammonio-bichloride  of  platinum  ....  1 225  lOO'OO 

POTASSIO-BICHLORIDE  OF  Platinum.  KCl,PtCl2.  This  salt  is  thrown 
down  in  the  form  of  a yellow  powder  when  concentrated  solutions  of  chlo- 
ride of  potassium  and  of  bichloride  of  platinum  are  mixed:  it  is  very  spa- 
ringly soluble  in  water,  and  is  deposited  from  its  boiling  solution  in  small 
octohedral  crystals:  it  is  more  soluble  in  heated  solution  of  potassa,  and,  on 
cooling,  does  not  fall  till  hydrochloric  acid  is  added.  (Rose.)  It  readily 
dissolves  in  a warm  and  somewhat  alkaline  solution  of  hyposulphite  of 
soda,  and  when  boiled,  sulphuret  of  platinum  and  sulphuric  acid  are  formed: 
if  the  hyposulphite  of  soda  is  in  excess  and  hydrochloric  acid  is  added,  the 
platinum  is  entirely  precipitated  on  heating  the  liquor.  (Himly,  Ann.  dev 
Pharni.,  xLiii.  152).  It  is  insoluble  in  alcohol.  When  intensel};  heated  it 
evolves  chlorine,  and  leaves  a mixture  of  metallic  platinum  and  chloride 
of  potassium.  Its  difiicult  solubility  renders  bichloride  of  platinum,  as 
already  stated,  a useful  test  of  the  jiresence  of  salts  of  potassa.  It  is  an- 
hydrous, and  contains 


J066 


PLATINOCHLORIDES. 


Bichloride  of  platinum 1 ....  171  ....  CO'o 

Chloride  of  potassium  1 ....  70  ....  30'5 

Potassio-bichloride  of  platinum  1 247  lOO'O 

SoDio-BiCHLORTDE  OF  Platinum.  NaCl,PtC]2.  Chloride  of  sodium 
occasions  no  precipitate  with  bichloride  of  platinum,  but  the  mixed  solu- 
tions yield  on  evaporation  prismatic  or  tabular  crystals,  of  a deep-orange 
color,  soluble  in  water  and  in  alcohol,  and  which,  when  heated,  lose 
]9'25  pe?'  cent,  of  water  of  crystallization,  and  leave  the  anhydrous  double 
salt:  the  crystals,  therefore,  contain 

Bichloride  of  platinum 1 ....  171  ....  60’0 

Chloride  of  sodium  1 ....  (JO  ....  20'8 

AVater  6 ....  54  ....  19’2 

Crystals  of  sodio-bichloride  of  platinum....  1 285  lOO’O 

Calcio-bichloride  of  Platinum.  CaCl,PtCl2.  Bonsdorff  obtained 
this  salt  by  gently  evaporating  a mixed  solution  of  bichloride  of  platinum 
and  chloride  of  calcium,  the  latter  being  in  excess : it  forms  small  pris- 
matic crystals  which  lose  water  when  heated  and  fall  into  a yellow 
powder : the  crystals  contain  8 atoms  (between  24  and  25  per  cent.)  of 
water. 

Bario-bichloribe  of  Platinum.  BaCl,PtCl2.  AVhen  baryta-w^ater 
is  gradually  added  to  a solution  of  bichloride  of  platinum,  a precipitate 
falls  composed  of  baryta  and  peroxide  of  platinum  (plalinale  of  baryta). 
AVhen  the  solution  contains  excess  of  baryta,  it  falls  in  the  form  of  carbo- 
nate by  exposure  to  air,  and  afterwards  small  crystals  of  the  double  salt 
are  deposited.  This  salt  is  readily  formed  by  mixing  the  two  chlorides  in 
atomic  proportions  : the  ciystals  are  orange- colored,  and  in  form  and 
appearance  much  resemble  those  of  chromate  of  lead.  They  consist  of 

Bichloride  of  platinum 1 ....  171  ....  54'5G 

Chloride  of  barium  1 ....  105  ....  33'75 

Water  4 ....  36  ....  ITGO 

Crystals  of  bario-bichloride  of  platinum  1 312  lOO'OO 

Strontio-bichloride  of  Platinum.  SrCl,PtCl2.  This  salt  is  ob- 
tained as  the  barytic  salt:  it  forms  very  soluble  rhombic  prisms,  wdiich 
efiioresce  in  the  air,  and  include  8 atoms  of  water. 

Magnesio-bichloribe  of  Platinum.  MgCl,PtCl2,  is  obtained  by 
allowing  the  mixed  solution  of  the  two  chlorides  to  evaporate  spon- 
taneously : it  forms  orange-colored  six-sided  prisms  and  acicular  groups : 
they  include  6 atoms  of  water,  4 of  which  they  lose  when  heated,  and 
crumble  into  a brown  powder.  (Bonsborff.) 

Bonsdorff  has  described  analogous  double  salts  of  the  bichloride  of 
platinum  with  the  chlorides  of  manganese.,  iron.,  zinc.,  cadmium.,  copper., 
nickel,  and  cobalt:  their  crystals  are  isoniorphous,  and  consist  of  1 atom 
of  the  bichloride  of  platinum,  1 atom  of  the  basic  chloride,  and  6 atoms 
of  water.  {Poggend.,  xvii.  and  xix.) 
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Protiodide  of  Platinum.  PtI.  Iodine  and  platinum  have  no  direct 
action  upon  each  otlier,  hut  ulien  protochloride  of  ])latinuTn  (obtained  by 
heating  the  bichloride  and  'washing  the  residue  with  alcohol,)  is  digested 
for  a quarter  of  an  hour  in  a hot  solution  of  iodide  of  potassium,  a poAvder 
is  obtained,  Avhicb,  Avhen  Avashed  and  dried,  resembles  lamp-black  ; it  is 
inodorous,  tasteless,  and  permanent  till  heated  to  about  600°,  Avhen  it 
gives  off  iodine  and  leaves  spongy  platinum.  It  is  insoluble  in  Avater  and 
alcohol,  and  not  acted  upon  hy  concentrated  hydrochloric,  nitric,  or  sul- 
phuric acid.  (Lassaigne,  Ann.  Ch.  et  Fh.^  ui.  113.)  It  consists  of 


Lassaigne, 

Platinum  1 ....  09  ....  44  ....  43‘95 

Iodine 1 ....  120  ....  56  ....  50-()5 


Protiodide  of  platinum  1 225  100  lOO'OO 


Sesquiodide  of  Platinum.  Pt2  l3.  When  iodide  of  potassium  is 
added  to  a solution  of  oxide  of  platinum  in  h3ulrochloric  acid,  (the  latter 
solution  being  in  excess,)  this  compound  falls ; it  should  be  Avashed  in  a 
large  quantity  of  hot  Avater  and  dried  ; it  is  a black  poAvder  Avhich  loses 
iodine  Avhen  heated  to  250°,  and  is  entirely  decomposed  at  a red-heat : 
Avhen  boiled  in  Avater  it  gives  off  a little  iodine ; it  readily  dissolves  in 
aqueous  hydriodic  acid,  and  in  solution  of  iodide  of  potassium,  forming  a 
red  liquor;  it  is  not  acted  on  by  Avater  or  alcohol,  nor  is  it  affected  by  cold 
hydrochloric,  nitric,  or  sulphuric  acid.  (Kane,  Phil.  Mag.  and  Journ.^  ii. 
1970  components  are 

Kane. 

Platinum 2 ....  108  ....  34‘38  ....  35 

Iodine 3 ....  3/8  ....  05'62  ....  6*5 

Sesquiodide  of  platinum....  1 5/0  lOO'OO  100 


Bin  IODIDE  OF  Platinu:m.  Ptl2.  When  the  aqueous  solutions  of 
bichloride  of  platinum  and  iodide  of  potassium  are  mixed,  a clear  dark-red 
liquor  is  obtained,  Avhich  becomes  broAvn  and  turbid  AA'lien  heated,  and  on 
concentration  deposits  a black  crystalline  poAvder,  Avhich,  Avhen  Avashed 
and  dried,  is  tasteless:  it  is  soluble  (but  not  Avithout  some  decomposi- 
tion,) in  alcohol,  insoluble  in  Avater,  and  decomposed  by  aqueous  chlo- 
rine : it  combines,  and  forms  crystallizable  salts  Avith  basic  metallic 
iodides : digested  in  cold  aqueous  hydriodic  acid  it  ^uelds  a red  liquor, 
AA’hich  on  evaporation  in  A’aciio  affords  acicular  crystals  of  a dark  metallic 
lustre  and  very  soluble,  having  the  formula  Ptl2,III.  (Lassaigne.)  I he 
components  of  biniodide  of  platinum  are 

> Lassaigne. 


Platinum 
Iodine  .. 


1 ....  00  ....  28-21  ....  28-00 

2 ....  252  ....  71-70  ....  71*01 


Biniodide  of  platinum  1 351  100-00  lOO'OO 

loDATE  OF  Platinum  is  throAvn  doAvn  in  the  form  of  a difficultly 
soluble  yelloAv  precipitate,  on  adding  iodic  acid  to  a solution  of  chloride 
of  platinum.  (Pleischl.) 

Bromide  op  Platinum.  PtBr2.  Bromine  appears  to  haA’^e  no 
action  on  platinum  at  any  temperature,  but  Balard  succeeded  in  forming 
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this  compound  by  the  action  of  a mixture  of  liydrobromic  and  nitric  acid 
on  the  metal;  the  solution  so  obtained,  left  on  evaporation  a brown  crys- 
talline hydrated  bibromide  : it  combines  with  the  basic  bromides,  form- 
ing deep-red  double  salts. 

Bromate  of  Platinum  was  obtained  by  Rammelsberg,  (Poggend., 
xix.  343,)  by  mixing  solutions  of  sulphate  of  platinum  and  bromate  of 
baryta,  in  the  form  of  yellow  solution;  but  on  evaporation  at  212°,  it 
soon  gave  out  oxygen  gas  and  bromine  vapor,  and  ultimately  bibromide 
of  platinum  remained. 

Fluoride  of  Platinum,  PtF2,  is  formed  by  adding  fluoride  of  potas- 
sium to  a solution  of  neutral  bichloride  of  platinum,  filtering,  evaporating, 
and  dissolving  the  residue  in  alcohol:  it  is  yellow  and  uncrystallizable : 
it  forms  with  the  fluorides  of  ammonium,  potassium,  and  sodium,  very 
soluble  and  uncrystallizable  double  salts:  when  their  solutions  are  evapo- 
rated, they  yield  gura-like  residues,  which,  when  redissolved  become  acid, 
and  leave  basic  compounds.  (Berzelius.) 

Protonitrate  of  Platinum  is  obtained  by  digesting  the  hydrated 
protoxide  in  dilute  nitric  acid:  it  is  of  a very  deep  brown  color,  and  is 
decomposed  by  evaporation,  leaving  peroxide  of  platinum.  (Berzelius.) 
It  forms  a double  salt  with  ammonia.  (Reiset.) 

Pernitrate  of  Platinum,  formed  by  dissolving  the  peroxide  in  nitric 
acid,  is  of  a dark -brown  color:  when  evaporated  to  dryness,  water 
digested  upon  the  residue  leaves  a subsalt.  The  addition  of  potassa 
throws  down  half  the  oxide,  and  afterwards  a double  potassio-pernitrate 
falls.  Berzelius  has  also  described  a similar  soda  compound. 

Protosulphuret  of  Platinum.  PtS.  This  compound  may  be 
formed,  1.  By  heating  finely  divided  platinum  with  sulphur  to  redness 
in  an  exhausted  glass  tube.  (E.  Davy.)  2.  By  heating  ammonio-chlo- 
ride  of  platinum  with  twice  its  weight  of  sulphur,  to  redness,  in  a covered 
crucible.  (Yauquelin.)  3.  By  the  mutual  decomposition  of  proto- 
chloride of  platinum  and  an  alkaline  hydrosulphuret.  (Berzelius.)  It 
is  a grey  or  black  powder;  specific  gravity  6*2  (8’2,  Bottger),  unaltered 
by  air  or  water;  scarcely  attacked  by  the  boiling  acids;  decomposed 
when  ignited  with  chlorate  of  potassa.  It  consists  of 


Vauquelin.  E.  Davy.  Bottger 

Platinum  I ....  99  ....  85’8  ....  84*5  ....  84  ....  85*51 

Sulphur 1 ....  16  ....  14*2  ....  15*5  ....  16  ....  14*49 


Protosulphuret  of  platinum  1 115  100*0  100*0  100  100*00 

Bisulphuret  of  Platinum.  PtS2.  When  a solution  of  perchloride  of 
platinum  is  mixed  with  sulphuret  of  ammonium  or  of  potassium,  a black 
powder  falls,  which,  when  dried  in  vacuo  over  sulphuric  acid,  contains, 
according  to  Berzelius,  no  traces  of  water.  When  this  precipitate  is 
exposed  upon  paper  to  dry  in  the  air,  the  sulphur  absorbs  oxygen,  and 
becomes  sulphuric  acid,  which  chars  the  paper.  According  to  E.  Davy, 
bisulphuret  of  platinum  may  be  obtained  by  heating  3 parts  of  ammonio- 
chloride  of  platinum  with  2 of  sulphur  in  a small  tube  retort  so  long  as 
gas  is  given  ofi*.  Bottger  has  also  given  a process  for  the  preparation  of 
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this  bisulphuret,  which  consists  in  dissolving  1 peirt  of  bichloride  of  phiti- 
num  in  4 of  absolute  alcohol,  in  a strong  wide-mouthed  stopper  phial,  and 
adding  5 parts  of  sulphuret  of  carbon;  the  mixture,  which  should  not 
occupy  more  than  two-thirds  of  the  phial,  is  well  shaken  and  stopped,  and 
put  aside  in  a shady  place,  of  medium  temperature:  when  the  mixture 
in  about  24  hours  has  become  dark-brown,  it  should  be  again  shaken, 
and  in  about  8 days  it  will  concrete  into  a black  gelatinous  mass  of  an 
ethereal  odor:  this  is  to  be  twice  washed  with  spirit  of  wine  (of  80  per 
cent.)  to  abstract  sulphuret  of  carbon,  and  then  rubbed  down  and  boiled  in 
an  evaporating  basin,  with  a large  quantity  of  water  and  constantly  stirred, 
during  which  an  inflammable  gas  escapes;  it  is  then  poured  upon  a filter, 
washed  with  water  till  the  washing  no  longer  affects  a solution  of  silver, 
and  the  residue,  after  having  been  pressed  between  folds  of  bibulous 
paper,  is  rapidly  dried  in  vacuo  over  oil  of  vitriol,  at  a temperature  below 
260°  {Journ.  prakt.  Chem.,  iii.  267-)  When  sulphuretted  hydrogen  is 
passed  through  solution  of  bichloride  of  platinum,  the  precipitate  which 
falls  consists  of  chloride  and  sulphuret  of  platinum.  The  color  of  this 
bisulphuret  is  grey,  brown,  or  black,  according  to  its  dryness  and  mode  of 
preparation : its  specific  gravity  is  about  7'2.  It  is  only  slowly  attacked 
by  nitrohydrochloric  acid,  even  at  a boiling  temperature : it  is  soluble  in 
aqueous  solutions  of  alkaline  hydrosulphurets,  and  when  acted  on  by 
caustic  fixed  alkalis,  it  forms  a hyposulphite  of  the  alkali  and  leaves  pla- 
tinum. (Berzelius.)  It  consists  of 

Vauquelin.  Bottger.  Berzelius. 

Platinum  1 ....  99  ....  75*5  ....  77  ....  75-11  ....  75-25 

Sulphur  2 ....  32  ....  24-5  ....  23  ....  24-89  ....  24-75 

Bisulphuret  of  platinum  1 131  100-0  100  100-00  100-00 

Ammonio-protosulphite  op  Platinum.  NIl4  0,S02  + PtO,S02. 
When  a solution  of  bichloride  of  platinum,  which  has  been  discolored  by 
sulphurous  acid  gas,  is  neutralized  by  ammonia,  and  mixed  with  absolute 
alcohol,  a white  crystalline  precipitate  falls,  constituted  as  above.  (Liebig, 
Chim.  Or^.,  i.  102.  In  reference  to  analogous  combinations,  see  also 
Peyrone,  An7i.  cler  Phcmn..^  ui.  1.) 

Protosulphate  of  Platinum,  PtO,S03,  is  obtained  when  a solution 
of  protoxide  of  platinum  in  caustic  potassa  is  saturated  with  sulphuric 
acid,  the  liquid  poured  off,  and  the  precipitate  dissolved  in  dilute  sulphu- 
ric acid:  the  concentrated  solution  is  opaque  and  black;  diluted  with 
water  it  becomes  red,  and  appears  gradually  to  pass  into  persulphate. 
Vauquelin  obtained  this  salt  l)y  digesting  protochloride  of  platinum  in 
sulphuric  acid.  The  oxide  is  slowly  precipitated  from  this  sulphate  by 
caustic  alkali.  (Berzelius.) 

Ammonio-protosulpiiate  of  Platinum.  NIl4  0,Pt0,S03.  V hen 
ammonio-iodide  of  platinum  [NIl3,PtI]  is  long  boiled  in  a solution  of 
sulphate  of  silver,  the  filtered  liquor  yields  crystals  having  the  above  for- 
mula. Peiset  and  Peyrone  have  described  another  salt  — 2NII3, 
PtO,S03. 

Persulphate  of  Platinum,  Pt02,2S03,  is  obtained  by  acidifying 
the  sulphur  of  the  sulphurets  of  platinum  by  means  of  nitric  acid.  It  is 
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of  a very  deep  brown  or  almost  black  color,  and  very  soluble  in  water, 
alcohol,  and  ether : with  soda,  potassa,  and  ammonia,  it  forms  double 
salts.  It  is  a very  delicate  test  of  the  presence  of  gelatine,  with  solutions 
of  which  it  forms  a brown  precipitate.  (E.  Davy.)  This  salt  may  also 
be  obtained  by  dissolving  hydrated  peroxide  of  platinum  in  sulphuric 
acid ; or  by  adding  sulphuric  acid  to  a concentrated  solution  of  bichlo- 
ride of  platinum,  and  evaporating  to  dryness.  (Berzelius.)  It  remains 
as  a black  porous  deliquescent  mass,  composed  of 


Berzelius. 

Peroxide  of  platinum 1 ....  115  ....  58'97  ....  58  78 

Sulphuric  acid  2 ....  80  ....  4P03  ....  41*22 


Sulphate  of  peroxide  of  platinum  1 195  100*00  100*00 

Fclminattng  Platinum.  E.  Davy  found  that  the  precipitate  from 
solution  of  sulphate  of  platinum  by  a slight  excess  of  ammonia,  when 
boiled  in  potassa,  washed  and  dried,  Avas  a fulminating  it 

explodes  at  about  420°,  with  a loud  report,  and  appears  to  be  a compound 
of  oxide  of  platinum,  ammonia,  and  Avater.  (Phil.  Trans. ^ 1817.)  He 
has  also  described  a compound  of  platinum,  (Phil.  Trans. 1820,  p.  108,) 
obtained  by  mixing  equal  volumes  of  strong  aqueous  solution  of  the 
sulphate  and  of  alcohol.  The  color  of  the  sulphate  sloAvly  disappears, 
and  in  some  days  a black  substance  subsides,  which  is  AA^ashed  and  dried. 
It  is  also  formed  by  boiling  the  sulphate  and  alcohol  together  for  a fcAV 
minutes.  This  substance  is  permanent  in  the  air  and  insoluble  in  Avater. 
It  detonates  feebly  Avhen  heated,  and  is  not  affected  by  chlorine,  nor  by 
nitric,  sulphuric,  or  phosphoric  acids ; but  it  is  slowly  soluble  in  hydro- 
chloric acid.  Put  into  liquid  ammonia,  it  acquires  fulminating  proper- 
ties; and  plunged  into  ammoniacal  gas  it  becomes  red-hot:  the  same 
phenomenon  is  exhibited  by  exposing  it  to  the  Ampor  of  alcohol,  or  by 
placing  it  upon  a piece  of  paper  moistened  Avith  that  fluid:  in  these  cases 
the  platinum  is  reduced  Avith  the  evolution  of  heat,  and  the  ignition 
seems  to  depend  upon  the  sIoav  combustion  of  the  vapor  of  the  alcohol : 
some  of  these  properties  correspond  Avith  those  oi  jdalimim-hlack  (p.  1060). 

Amjionio-persulphate  of  Platinum.  When  a solution  of  persul- 
phate of  platinum  is  neutralized  by  ammonia  and  boiled,  the  liquor 
becomes  colorless,  and  a broAvn  poAvder  falls,  Avhich  is  a basic  ammonio- 
persulphate:  it  detonates  feebly  Avlien  heated. 

Potassio-persulphate  of  Platinum  is  a broAvn  insoluble  basic  salt, 
formed  by  boiling  a solution  of  persulphate  of  platinum  with  caustic 
potassa:  its  components  are  78’32  binoxide  of  platinum,  10*84  sulphate 
of  potassa,  and  10*84  Avater.  Similar  basic  salts  Avith  soda  and  Avith 
baryta  have  been  described  by  E.  Davy.  (Phil.  Trans..,  1820.) 

Piiospiiuret  of  Platinum.  According  to  E.  Davy,  there  are  tAvo 
phosphurets ; the  first,  obtained  by  heating  phosphorus  with  the  metal 
in  a state  of  fine  division;  they  readily  combine  Avith  ignition,  form- 
ing a grey  and  somewhat  crystalline  substance,  Avhich  does  not  con- 
duct electricity:  it  consists  of  82*5  platinum,  and  17*5  phosphorus,  jier 
cent..,  and  is  probably  therefore  = Pt2P.  The  second  compound  Avas 
formed  by  heating  3 parts  of  the  ainmonio-chloride  of  platinum  Avith  2 of 
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pliospliorus,  to  redness,  in  a small  retort  over  mercury:  it  is  a black  com- 
pound with  slight  metallic  lustre;  its  specific  gravity  is  5 '28;  it  does  not 
conduct  electricity,  and  is  only  slightly  acted  on  by  boiling  acids:  it  con- 
tains 70  platinum  and  30  phosphorus,  and  appears  therefore  to  be  Pt2  Ps. 
Platinum  crucibles  are  easily  injured  by  the  phosphorus  evolved  during 
the  decomposition  of  phosphoric  salts. 

Seleniuret  of  Platinum.  Selenium  and  finely-divided  platinum 
combine  with  the  evolution  of  heat  into  a grey  powder,  wliich  is  decom- 
posed when  heated  in  the  air;  selenium  attacks  platinum  crucibles  when 
evolved  in  them,  and  they  may  be  cleansed  by  blowing  a current  of  air 
into  them  when  red-hot.  (Berzelius.) 

Borate  of  Platinum  cannot  be  formed  by  double  decomposition  with 
the  chlorides  of  platinum,  inasmuch  as  oxide  of  platinum  is  precipitated 
and  free  boracic  acid  remains  in  the  liquor.  (Berzelius.) 

Cyanide  of  Platinum.  PtCy.  AVhen  the  double  cyanide  of  plati- 
num and  mercury,  PtCy,HgCy,  is  heated  in  a retort,  cyanogen  and  mer- 
cury are  evolved,  and  cyanide  of  platinum  remains  in  the  form  of  a green 
powder;  it  bears  a moderate  heat,  and  is  insoluble  in  water,  acids,  and 
alkalis  : heated  in  the  air  the  cyanogen  burns  off,  and  platinum  remains. 
(Dobereiner.) 

IIydrocyanate  of  Cyanide  of  Platinum.  PtCy,IICy.  When 
sulphuretted  hyclrogen  is  made  to  act  upon  the  double  cyanide  of  plati- 
num and  mercury  mixed  Mutli  water,  the  cyanide  of  mercury  is  decom- 
posed into  sulphuret  of  mercury  and  hydrocyanic  acid,  which  latter  com- 
bines with  the  cyanide  of  platinum  to  form  a compound  soluble  in  water: 
the  filtered  solution  is  colorless  and  acid,  and  yields  by  careful  evapo- 
ration green  iridescent  crystals.  This  salt  sustains  a temperature  of 
212°  Muthout  decomposition,  but  beyond  that,  hydrocj'anic  acid  is 
expelled  and  cyanide  of  platinum  remains.  The  compound  deliquesces 
in  the  air,  and  is  very  soluble  in  water  and  in  alcohol:  it  is  deposited 
from  its  alcoholic  solution  in  more  briliant  crystals  than  those  obtained 
from  the  aqueous  solution.  When  saturated  with  bases  this  hydrocyanate 
yields  a series  of  double  salts  which  have  been  but  imperfectly  examined. 
(Reiset.) 

Ammoniocyanide  of  Platinum.  NHs.PtCy.  When  a solution  of 
platinamide-oxide  of  ammonium  (Reiset’s  basic  compound,  p.  1063)  is 
mixed  ■with  hydrocyanic  acid,  the  above  compound  falls  in  the  form  of  a 
white  powder;  it  is  difficultly  soluble  in  boiling  caustic  ammonia,  from 
which  it  is  deposited  in  colorless  ciystals. 

Potassiocyanide  of  Platinum.  KCy,PtCy,3IIO,  is  obtained, 
according  to  L.  Gmelin,  as  follows:  spongy  platinum  is  mixed  with  its 
weight  of  ferrocyanide  of  potassium  and  heated  to  incipient  redness,  but 
not  higher:  the  platinum  separates  a part  of  the  iron  from  the  cyanogen, 
and  when  the  mass  is  dissolved  in  water  the  potassio-platiiio-cyanide 
may  be  separated  by  crystallization.  This  salt  ma}^  also  be  obtained  by 
evaporating  the  mixed  solutions  of  chloride  of  platinum  and  ferrocyanide 
of  potassium.  Its  crystals,  which  are  long  rhombic  prisms,  are  yellow  in 
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one  direction,  but  blue  in  tbe  direction  of  their  axes:  they  effloresce  and 
become  pale-red  in  tbe  air,  but  still  retain  12*4  per  cent,  of  water,  which 
requires  a higher  temperature  for  its  separation.  This  salt  is  abundantly 
soluble  in  hot  water,  but  the  greater  part  crystallizes  as  the  solution 
cools:  the  solution  gives  a scanty  white  precipitate  with  solutions  of  the 
oxides  of  zinc,  tin,  and  mercury;  a pale^blue  with  the  protosalts  of  iron, 
and  a reddish-brown  with  the  persalts  of  iron;  a greenish  blue  with  the 
salts  of  copper;  and  a white  curdy  precipitate  which  blackens  by  exposure 
to  light,  with  nitrate  of  silver:  it  is  not  precipitated  by  nitrate  of  lead. 
This  salt  in  crystals  consists,  according  to  Gmelin,  of 


Platinum 1 ....  99  ....  45*2 

Potassium  1 ....  40  ....  18*4 

Cyanogen  2 ....  52  ....  23’9 

Water 3 ....  27  ....  12-5 


Potassio-cyanide  of  platinum 1 218  lOO'O 

Platinopercyanide  of  Cyanide  of  Potassium.  When  the  pre- 
ceding potassiocyanide  of  platinum  is  dissolved  to  saturation  in  hot 
water,  and  subjected  whilst  warm  to  the  action  of  a current  of  chlorine, 
acicular  crystals  of  a deep  copper  color  soon  begin  to  separate,  and  at 
length  the  whole  concretes;  as  soon  as  this  happens,  the  mass  is  drained, 
pressed,  and  dissolved  in  the  smallest  possible  quantity  of  boiling  water, 
to  which  a few  drops  of  hydrochloric  acid  are  previously  added  to  decom- 
pose a little  cyanate  and  carbonate  of  potassa  usually  present.  On 
cooling,  the  salt  crystallizes,  and  must  be  purified  by  a second  and  third 
solution  in  boiling  water,  and  recrystallization.  It  forms  small  shining 
four-sided  prisms,  containing  9*94  per  cent,  of  water,  which,  when  dried 
upon  a filter,  look  like  filaments  of  copper,  but  are  green  and  transparent 
when  viewed  by  strong  transmitted  light.  When  heated  they  evolve 
cyanogen,  become  yellow,  and  fuse  into  a brown  mass ; they  form  a 
colorless  solution  with  water,  and  are  insoluble  in  alcohol.  Sulphuric 
acid  converts  them  into  a yellow  compound,  containing  platinum, 
potassium,  and  cyanogen.  Alkaline  carbonates  decompose  the  cyanide 
of  platinum,  and  form  double  cyanides.  The  formula  of  this  compound 
is  [KCy,PtCy -l-KCy,PtCy2]  or  perhaps  [^2KCy,Pt2  Cy3.]  (Knop, 
quoted  by  Berzelius.^ 

Hydrargocyanide  of  Platinum.  HgCy,PtCy.  When  the  blue 
precipitate  which  falls  on  dropping  a nitric  solution  of  mercury  into  a 
solution  of  potassiocyanide  of  platinum  is  boiled  in  very  dilute  nitric  acid, 
a white  insoluble  powder  remains,  which,  according  to  Dobereiner,  is 
the  above  double  cyanide  of  mercury  and  platinum  : it  dissolves  in  boil- 
ing hydrochloric  acid,  without  evolving  hydrocyanic  acid ; the  caustic 
alkalis  dissolve  the  cyanide  of  platinum,  and  decompose  the  cyanide  of 
mercury,  leaving  oxide  of  mercury.  This  salt  combines  with  the  nitrates 
of  both  oxides  of  mercury  to  form  a species  of  triple  salts.  (Berzelius.) 

SuLPHOCYANiDE  OF  Platinum  forius,  according  to  Grotthuss,  a bulky 
flocculent  precipitate  of  a yellow  color : it  is  soluble  in  acids  and  in  solu- 
tions of  chloride  of  potassium  and  sodium,  and  of  sal-ammoniac  : alcohol 
throws  it  down  again  from  these  solutions. 
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Alloys  of  Platinum.  With  potassium  and  sodhim  it  forms  com- 
pounds Avhich  decompose  water.  (Davy.)  Its  alloy  with  majigcuiese  is 
unknown.  Iron  and  platinum  in  equal  parts  form  a crystalline  alloy 
which  takes  a fine  polish.  According  to  Dr.  Lewis,  the  alloy  of  cast  iron 
and  platinum  is  hard,  tough,  and  somewhat  ductile,  the  density  greatly 
exceeding  the  mean  : it  is  brittle  when  hot.  Stodart  and  Faraday  found 
the  toughness  and  smoothness  of  steel  improved  by  one-hundredth  of 
platinum.  (Phil.  Tra?is.,  1822.)  When  wires  of  steel  and  platinum  are 
welded  together  and  polished,  they  exhibit  a damasked  surface,  especially 
when  the  steel  parts  are  slightly  acted  upon  by  dilute  acid.  This  welding 
property  of  platinum  may  be  usefully  applied  in  the  arts  ; wires  may  be 
joined  so  as  to  form  rings  and  chains ; and,  with  a view  to  economy, 
platinum  may  be  joined  to  iron  or  steel  for  many  uses  in  the  laboratory 
of  the  chemist.  Iron  combined  with  1 per  cent,  of  platinum,  is  not 
attacked  by  common  nitric  acid.  (Schonbein.  See  also  Boussingault, 
Amn.  Ch.  et  Ph.^  Liii.  441.)  Platinum  dissolves  in  fused  zinc  ; the  alloy 
is  bluish- white,  brittle,  and  hard  : one-twentieth  of  platinum  destroys  the 
malleability  of  zinc,  and  one-fourth  of  zinc  renders  platinum  brittle. 
(Lewis.)  A morsel  of  zinc  heated  in  platinum-foil  before  the  blow-pipe 
burns  vividly  and  even  with  explosion.  Tin  and  platinum  combine  in 
all  proportions,  forming  alloys  more  or  less  brittle  and  fusible.  When 
tin-foil  and  platinum  are  wrapped  together  and  heated  by  the  blow-pipe, 
they  combine  with  incandescence.  (Fox,  Ann.  Phil..,  xiii.  467-  On  the 
separation  of  platinum  and  gold  from  tin  and  arsenic.,  see  Elsner,  Journ. 
fur  prakt,  Chem..,  xxxv.  314:  'Chem.  Gaz..,  Jan.  1846.)  The  alloy  of 
cadmium  and  platinum  is  white,  granular,  brittle,  and  easily  fusible : 
heated  till  the  excess  of  cadmium  is  expelled,  it  contains  100  platinum 
4-117  cadmium,  — Pt,Cd2.  (Stromeyer.)  The  alloy  of  cohalt  and  pla- 
tinum is  comparatively  fusible.  With  its  weight  of  nickel  platinum  forms 
a pale  yellow  alloy,  susceptible  of  a high  polish,  and  obedient  to  the 
magnet.  Copper  and  platinum  form  alloys,  the  ductility  and  color  of 
which,  vary  with  the  proportions : platinum  easily  destroys  the  color^of 
copper  : this  compound  has  been  recommended  for  the  mirrors  of  reflect- 
ing telescopes:  an  alloy  of  7 platinum,  16  copper,  I zinc,  resembles  gold 
in  color.  (Cooper,  Quart.  Jour?}...,  hi.  119.)  Lead  and  platinum  form 
brittle  alloys,  not  entirely  decomposed  by  cupellation.  Platinum  and 
lead-foil  folded  together  and  heated  before  the  blow-pipe  combine  with 
elevation  of  temperature.  (Dumas.)  Anti?nony  forms  a grey  compound 
M ith  platinum,  partly  decomposed  by  heat ; and  entirely,  by  roasting . 
these  metals  enter  into  ignition  when  they  combine,  in  the  same  manner 
as  tin  and  zinc.  (Fox.)  Bismuth  and  platinum  form  brittle  alloys  not 
entirely  decomposed  by  cupellation.  (Lewis.)  Arsenic  and  platinum 
form  a dark-grey,  brittle  alloy.  AVhen  particles  of  arsenic  are  placed 
upon  red-hot  platinum-leaf,  they  immediately  fuse  a hole  in  it.  When  2 
parts  of  platinum,  2 of  arsenious  acid,  and  I of  potassa,  are  fused  togethei, 
a compound  of  89  platinum,  and  10  of  arsenic,  is  obtained:  its  density 
is  16'4 ; it  is  fusible  at  a red-heat,  but  the  whole  of  its  arsenic  cannot  be 
expelled  by  heat;  100  parts  of  spongy  platinum  heated  with  excess  of 
arsenic  yield  174  of  alloy.  (Gmelin.)  Equal  parts  of  molybdenum  and 
platinum  melted  into  a hard,  brittle  mass : when  the  proportion  of  plati- 
num was  increased,  the  fusion  was  not  complete.  (IIielm.)  Mercury 
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amalgamates  difficultly  with  platinum : a compound  of  63  of  mercury, 
and  37  of  platinum,  is  a soft  solid  : spongy  platinum  forms  the  readiest 
combination,  especially  when  rubbed  with  the  mercury  in  a hot  mortar ; 
or  moistened  with  dilute  acetic  acid.  When  the  amalgam  of  sodium  is 
put  into  a concentrated  solution  of  chloride  of  platinum,  or  triturated 
with  ammonio-chloride  of  platinum  and  water,  a platinum  amalgam  is 
also  formed : this  amalgam  adheres  well  to  the  surface  of  glass,  and  may 
be  used  for  plating  copper,  silver,  or  gold.  Silvei'  and  platinum  form 
fusible  and  ductile  alloys;  when  the  silver  predominates  they  are  soluble 
in  nitric  acid;  by  boiling  sulphuric  acid,  the  silver  only  is  dissolved. 
When  the  alloy  is  kept  in  fusion,  its  components  have  a tendency  to 
separate.  Gold  and  platinum  require  a strong  heat  for  combination,  and 
the  color  of  the  gold  is  greatly  deteriorated  even  by  one-twenty-second  part 
of  platinum : an  alloy  of  4 of  platinum,  and  1 of  gold,  nearly  resembles 
platinum  in  color;  the  gold  color  does  not  predominate  till  it  forms 
eight-ninths  of  the  alloy.  (Hatchett.  Klaproth.) 

The  perfection  with  which  vessels  of  platinum  resist  the  action  of  heat 
and  air,  of  most  of  the  acids,  and  of  sulphur  and  mercury,  renders  them 
peculiarly  valuable  in  many  of  their  applications ; but  its  high  value  is 
against  its  very  general  adoption,  for,  although  much  cheaper  than  gold, 
it  is  worth  between  four  and  five  times  its  weight  of  silver.  Berzelius 
observes  {Lehrbuch)^  that  in  the  employment  of  platinum  vessels,  the 
following  precautions  must  be  attended  to  : 1.  They  must  not  be  sub- 

jected to  the  action  of  compounds  which  evolve  chlorine.  2.  Nitre,  and 
the  alkalis,  must  not  be  fused  in  them.  3.  No  metallic  reductions  must 
be  performed  in  them ; nor  compounds  of  phosphorus  decomposed  so  as 
to  evolve  that  substance.  4.  AVheii  metallic  oxides  are  heated  in  a 
platinum  crucible,  the  heat  must  not  be  raised  beyond  redness,  provided 
the  oxide  is  easily  decomposed  : hence  the  caution  requisite  with  the 
oxides  of  lead,  bismuth,  copper,  cobalt,  nickel,  and  antimony,  which, 
though  they  may  not  effect  the  fusion  of  the  crucible,  spoil  it  by  their 
action  upon  its  interior  surface,  which  is  rendered  rough  and  porous. 
5.  That  the  immediate  contact  of  the  fuel  (charcoal  should  always  be 
used)  with  the  crucible  should  be  avoided  as  much  as  possible,  especially 
at  very  high  temperatures ; for  it  is  thus,  in  the  process  of  time,  rendered 
brittle  and  unsound.  Small  holes  and  fissures  may  be  filled  up  and 
soldered  with  pure  gold,  but  in  that  case  the  vessel  must  not  be  exposed 
to  a white-heat,  because  then  the  gold  and  platinum  combine.  It  would 
appear  from  Danielfs  experiments  (0/^  a new  7'egister  pyrometer^  Phil. 
Trans..,  1831,  p.  315),  that  one  cause  of  the  brittleness  which  platinum 
acquires  when  repeatedly  heated  in  the  usual  fuel,  depends  upon  the 
absorption  of  silicium,  to  the  amount  of  about  3 per  cent.  A high  tem- 
perature appears  necessary  to  effect  this  combination,  'which  is  somewhat 
analogous  to  the  absorption  of  carbon  by  iron  in  the  process  of  making 
steel  by  cementation. 

Characters  of  the  Salts  of  Platinum.  The  color  and  the  difficult 
solubility  of  the  ammonio  and  potassio-chlorides  of  platinum,  and  the  so- 
lubility of  the  corresponding  soda-compounds,  are  very  characteristic  of 
this  metal.  Phosphate  of  soda  produces  no  precipitate  in  chloride  of  pla- 
tinum ; the  feiTOcyanides  of  potassium  throw  down  the  platino-chloride  of 
potassium:  cyanide  of  mercury  occasions  no  precipitate :__iodide  of  potas- 
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slum  communicates  a recldisli-brown  color  to  solutions  of  tlie  chlorides  of 
platinum,  and  giadually  produces  a brown  precipitatej  and  if  the  mixture 
be  heated  in  a matrass,  the  glass  acquires  a coating  of  metallic  platinum. 
All  the  metals  which  reduce  the  chloride  of  gold,  with  the  exception  of 
palladium,  act  similarly  upon  chloride  of  platinum,  but  its  complete  sepa- 
ration in  the  metallic  state  is  slow  : iron,  zinc,  cadmium,  and  copper,  are 
its  most  effective  precipitaiits ; they  separate  it  as  a black  poAvder,  Avhich 
sometimes  adheres  in  films  to  the  glass. 


§ XXXIV.  PALLADIUM.  Pd.  54. 

Palladium  Avas  discovered  by  AVollaston  in  1803:  it  is  associated 
Avith  the  other  metals  mentioned  in  the  last  section  as  constituting 
the  ore  of  platinum  ; it  has  also  been  found  by  M.  Zinken  in  the  gold 
and  lead  ores  of  the  duchy  of  Anhalt  Bernburg  {Ann.  Ch.  et  P/o,  xiav. 
201),  and  is  common  in  Brazilian  gold.  Small  fibrous  grains  of  native 
palladium  Avere  found  by  Wollaston  in  some  of  the  South  American 
platinums. 

Palladium  is  separated  from  the  ore  of  platinum  by  the  folloAving 
process.  (Wollaston,  Fhil.  Trans. ^ 1805.)  Digest  the  ore  in  nitrohydro- 
chloric  acid,  neutralize  the  redundant  acid  by  soda,  throAV  doAvn  the  pla- 
tinum by  sal-ammoniac,  and  filter:  to  the  filtered  liquor  add  a solution 
of  cyanide  of  mercury:  a yelloAV  flocculent  precipitate  of  cyanide  of 
palladium  is  soon  deposited,  Avhicli  yields  palladium  on  exposure  to 
lieat. 

The  extraction  of  palladium  from  the  auriferous  sand  of  Brazil 
consists  in  fusing  it  Avith  silver,  by  AA^hich  a quaternary  alloy  of  gold, 
palladium,  sih-er,  and  copper  is  obtained,  Avhicli  is  granulated  by  pouring 
it  into  AA'ater,  and  digested  in  nitric  acid,  by  Avhich  the  gold  is  separated 
from  the  soluble  inetals  : from  the  solution  the  silver  is  precipitated  by 
common  salt,  and  the  copper  and  palladium  by  plates  of  zinc:  the  deposit 
of  these  metals  is  redissolved  in  nitric  acid,  and  the  solution  precipitated 
by  excess  of  ammonia,  Avhich  redissolves  the  oxides  of  copper  and  palla- 
dium: AA’hen  this  ammoniacal  solution  is  saturated  by  hydrochloric  acid, 
a double  ammonio-chloride  of  palladium  is  deposited  in  the  form  of  a 
yelloAv  crystalline  poAvder,  Avhich  AA’hen  calcined  leaves  spongy  palladium. 
{Phil.  Mag.^  November,  1843.) 

To  obtain  malleable  palladium.  Dr.  Wollaston  gives  the  folloAving 
more  explicit  directions.  {Phil.  Trans. 1819.)  “The  residuum  obtained 
from  burning  the  cyanide  of  palladium  is  to  be  combined  Avith  sulphur, 
and  each  cake  of  the  sulphuret,  after  being  fused,  is  to  be  finally  purified 
by  cupellation,  in  an  open  crucible,  Avith  borax  and  a little  nitre.  The 
sulphuret  is  then  to  be  roasted,  at  a Ioav  red-heat,  on  a flat  brick,  and 
pressed,  Avhen  reduced  to  a pasty  consistence,  into  a square  or  oblong  and 
perfectly- flat  cake.  It  is  again  to  be  roasted  very  patiently,  at  a Ioav  red- 
heat,  until  it  becomes  spongy  on  the  surface.  During  this  process  sul- 
])hur  flies  off  in  the  state  of  sulphurous  acid,  especially  at  those  moments 
Avheii  the  heat  is  alloAved  occasionally  to  subside.  Ihe  ingot  is  then  to 
be  cooled;  and  Avhen  quite  cold,  is  to  be  tapped  Avith  a light  hammer,  in 
order  to  condense  and  beat  down  the  spongy  excrescences  on  its  surface. 

VoL.  II.  ^ A 
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The  alternate  roastings  and  tappings  (or  gentle  hammerings)  require  the 
utmost  patience  and  perseverance,  before  the  cake  can  be  brought  to  bear 
hard  blows;  but  it  may,  by  these  means,  at  length  be  made  so  flat  and 
square,  as  to  bear  being  passed  through  the  flatting-mill,  and  so  laminated 
to  any  required  degree  of  thinness.  Thus  prepared,  it  is  always  brittle 
while  hot,  possibly  from  its  still  containing  a small  remnant  of  sulphur. 
I have  also  fused  some  palladium  per  se^  without  using  sulphur ; but  I 
have  always  found  it,  when  treated  in  this  way,  so  hard  and  difficult  to 
manage,  that  I greatly  prefer  the  former  process.'’ 

Palladium  is  of  a dull-white  color,  malleable  and  ductile.  Its 
specific  gravity  is  about  11 '3,  or  11  *86  when  laminated.  Its  specific  heat 
is  0‘05927.  (Regnault.)  It  is  hard.  It  fuses  at  a temperature  above 
that  required  for  the  fusion  of  gold,  and  when  intensely  heated  by  the 
oxy-hydrogen  blow-pipe,  it  is  dissipated  in  sparks.  When  heated  over  the 
flame  of  a spirit-lamp,  it  acquires  various  shades  of  blue  upon  its  surface, 
in  consequence  of  superficial  oxidation.  It  is  acted  on  by  the  greater 
number  of  the  acids  when  aided  by  heat,  and  also  by  potassa  and  nitre  ; 
it  is  blackened  when  an  alcoholic  solution  of  iodine  is  evaporated  from 
its  surface,  which  is  not  the  case  with  platinum : it  has  a strong  affinity 
for  cyanogen.  The  equivalent  of  palladium  appears  to  be  somewhere 
between  52  and  57.  I have  adopted  54.  (53’3  Turner.  Gmelin.) 

Protoxide  of  Palladium.  PdO.  By  carefully  heating  the  pro- 
tonitrate of  palladium  to  dull  redness,  a black  oxide  is  obtained,  wffiich 
dissolves  in  hydrochloric  acid  without  evolving  chlorine.  When  nitrate 
of  palladium  is  precipitated  by  an  alkali,  the  red  or  dark-orange  colored 
powder  which  falls,  is  an  hydrated  oxide.  In  this  state  it  is  readily 
soluble  in  the  acids,  yielding  red  and  brown  salts  of  a purely  astringent 


taste.  This  oxide  consists  of 

Palladium  

. 1 .... 

54 

....  87-09  . 

Berzelius. 

...  86-94 

Oxygen  

. 1 .... 

8 

....  13-91  . 

...  13-06 

Protoxide  of  palladium,.., 

1 

62 

100-00 

iOO-00 

Binoxide  of  Palladium. 

Pd02. 

To 

prepare  this 

oxide  a solution 

of  potassa,  or  its  carbonate,  in  excess,  should  be  poured  by  little  and 
little  on  the  solid  bichloride  of  palladium  and  potassium,  and  the  mate- 
rials well  intermixed ; water  is  not  first  added,  because  it  decomposes 
the  double  chloride,  and  the  alkali  is  not  added  all  at  once,  because  the 
oxide  would  then  be  dissolved  at  first,  and  afterwards  separate  as  a gela- 
tinous hydrate,  which  could  not  be  purified  by  washing.  When  prepared 
according  to  the  foregoing  directions,  the  binoxide  is  obtained  as  a 
hydrate,  of  a deep  yellowish-brown  color,  which  retains  a little  potassa  in 
combination : when  boiled  in  water  it  becomes  black  and  nearly  anhy- 
drous. In  its  anhydrous  state  this  oxide  is  quietly  reduced  at  a red- heat, 
but  the  reduction  of  the  hydrate  ensues  at  the  same  temperature  with  ex- 
plosive violence.  (Berzelius.)  Its  components  are 


Berzelius. 

Palladium  1 ....  54  ....  77*14  ....  76  90 

Oxygen  2 ....  16  ....  22-86  ....  23*10 


Binoxide  of  palladium  ....  1 


70 


100*00 


100-00 
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Protociiloride  op  Palladium,  PclCl,  is  olitalned  (1.)  by  digesting 
palladium  in  liydrocbloric  acid  with  a little  nitric  acid,  and  evaporating 
to  dryness : it  forms  a brown  powder,  which  is  nearly  black  when  ren- 
dered anhydrous.  (Berzelius.)  2.  By  heating  sulphuret  of  palladium 
in  a stream  of  gaseous  chlorine,  when  it  is  obtained  in  the  form  of  a red 
crystalline  compound,  part  of  which  forms  a rose-colored  sublimate. 
(Fellenberg.)  When  highly  heated  it  evolves  chlorine,  and  is  readily 
decomposed  when  heated  in  a stream  of  hydrogen,  forming  hydrochloric 
acid,  and  leaving  palladium  : it  forms  double  salts  Avith  the  basic  metallic 
chlorides,  which  are  soluble  inAvater  and  in  alcohol.  When  this  chloride 
is  decomposed  by  a small  quantity  of  alkali,  a hydrated  basic  oxichloride 
in  the  form  of  an  insoluble  broAvn  poAvder  is  produced  = PdCl -pSPdO -f 
4HO.  Heated  to  about  600°,  it  abandons  lialf  its  chlorine,  and  suhclilo- 
ride  of  palladiuni  remains  as  an  olive-hroAAui  insoluble  poAvder.  (Kane.) 
When  tartaric  acid  is  added  to  a solution  of  chloride  of  palladium,  the 
liquor  is  not  precipitated  hy  excess  of  soda  ; but  if  a little  alcohol  be 
added  and  the  mixture  boiled,  metallic  palladium  falls.  The  components 
of  protochloride  of  palladium  are 


Fellenberg. 

Palladium  1 54  ....  60  ....  60-2 

Chlorine^ 1 ....  36  ....  40  ....  39'8 


Protochloride  of  palladium....  1 90  100  lOO’O 

Ammonio-protochlorides  of  Palladium.  These  compounds  have 
been  described  by  Fehling  (Ann,  der  Pharm,^  xxxix.),  and  by  Kane. 
When  a solution  of  protochloride  of  palladium  is  mixed  Avith  caustic 
ammonia,  a flesh-colored  precipitate  falls,  Avhich  is  NH3,PdCl.  It  may 
be  heated  to  350°  Avithout  change  after  it  has  been  carefully  dried,  but 
Avlien  moist,  it  acquires  a yelloAV  color  at  212°.  This  yelloAV  modification 
may  be  obtained  in  small  crystals  by  heating  the  original  flesh-colored 
precipitate  in  its  mother-liquor,  Avhen  it  dissolves  and  crystallizes  on 
cooling.  When  either  of  these  modifications  is  dissolved  in  ammonia, 
and  evaporated,  colorless  prisms  are  deposited  =2NH3,PdCl, HO;  these 
Avhen  gently  heated  lose  Avater  and  1 atom  of  ammonia,  and  leave  the 
yellow  moclification.  Kane  has  also  described  other  basic  ammonio- 
chlorides. 

When  a solution  of  protoxide  of  palladium  in  hydrochloric  acid  is 
mixed  Avith  sal-ammoniac  and  evaporated,  iridescent  prismatic  crystals 
are  obtained,  Avhich  give  a red  solution  Avith  Avater,  and  are  insoluble  in 
alcohol;  they  are  NH4  Cl,PdCl.  (Wollaston.) 

Palladio-protochloride  of  Potassium.  KCl,PdCl.  This  salt  is 
formed  when  palladium  is  boiled  in  hydrochloric  acid  AA’ith  the  addition 
of  nitre,  or  Avhen  the  component  chlorides  are  dissolved  in  Avater  in 
atomic  proportions,  and  the  solution  evaporated  : it  forms  grcenish- 
broAvn  prisms,  AAdiich  give  a red  solution  in  Avater,  and  are  insoluble  in 
alcohol : Avhen  boiled  with  dilute  alcohol,  the  metal  is  reduced.  This 
salt  contains  about  32*5  palladium  'per  cent.  The  palladio-pirotocJdoride 
of  sodium  is  deliquescent,  and  very  soluble  in  Avater  and  alcohol.  Bons- 
dorfP  has  described  a number  of  other  palladio-protochlorides. 
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Bichloride  of  Palladium.  Perchloride  of  Palladium.  P(lCl2, 
is  only  known  in  solution;  it  is  formed  by  dissolving  the  protochloride 
in  nitrohydrochloric  acid,  and  applying  a gentle  heat : the  solution  is 
almost  black,  and  gives  a characteristic  red  precipitate  with  chloride  of 
potassium ; when  the  solution  is  either  diluted,  or  boiled,  chlorine  is 
evolved,  and  protochloride  formed.  The  components  of  bichloride  of 
palladium  are 


Palladium 1 ....  54  ....  42  8 

Chlorine  2 ....  72  ....  57'2 


Bichloride  of  palladium  1 ^ 126  lOO’O 

Palladto-biciiloride  of  Potassium.  KCl,PdCl2.  When  the  pal- 
ladio-protochloride  of  potassium  is  digested  in  nitrohydrochloric  acid  and 
evaporated  to  dryness,  the  above  compound  is  obtained  in  the  form  of  a 
red  crystalline  powder : it  is  very  sparingly  soluble  in  cold  water,  and 
hot  water  partially  decomposes  it  with  the  formation  of  hydrochloric  acid 
and  binoxide  of  palladium : heated  till  it  fuses,  it  evolves  chlorine,  and 
becomes  the  protosalt.  The  palladio-bichloride  of  ammonium  (NH4  Cl, 
PdCl2)  is  also  of  a cinnabar-red  color. 

Iodide  of  Palladium,  Pdl,  is  thrown  down  by  iodide  of  potassium 
from  a solution  of  protochloride  of  palladium;  when  dried  in  vacuo  it  is 
a black  tasteless  substance:  at  about  it  begins  to  lose  iodine;  it  is 

insoluble  in  water,  alcohol,  ether,  and  aqueous  hydriodic  acid:  it  con- 


sists of 

Lassaigne. 

Palladium 1 ....  54  ....  30  ....  29'72 

Iodine  1 ....  126  ....  70  ....  70-28 


Iodide  of  palladium ....  1 180  100  100*00 

Iodide  of  palladium  forms  a nearly  colorless  or  pale  yellow  solution 
in  aqueous  ammonia,  vdiicli  on  exposure  to  air  deposits  yellow  crystals 
= Nils, Pdl:  the  same  compound  falls  as  an  orange-colored  powder 
when  the  excess  of  ammonia  is  saturated  by  an  acid.  When  in  this  state 
it  is  boiled  in  water,  it  passes  into  a red  crystalline  powder:  boiled  in 
nitric  acid  it  is  resolved  -with  the  evolution  of  iodine  into  protonitrate  of 
palladium.  In  a hot  and  strong  solution  of  ammonia,  or  exposed  to  an 
atmosphere  of  gaseous  ammonia,  it  forms  a colorless  compound  = 2NH3, 
Pdl.  (Feiiling.  Ann.  der  Vliarm..^  xxxix.) 

loDATE  OF  Palladium.  lodate  of  potassa  forms  an  abundant  yellow 
• precipitate  when  added  to  a solution  of  protochloride  of  palladium. 
(Pleischl.) 

Bromide  of  Palladium.  A solution  of  palladium  in  nitrohydro- 
bromic  acid  leaves  a brown  residue  on  evaporation,  insoluble  in  water 
but  soluble  in  liydrobromic  acid.  It  forms  dark-brown  salts  -with  the 
basic  bromides.  The  hydrated  protoxide  of  palladium  is  sparingly  soluble 
in  bromic  acid.  (Rammelsberg.  Poggend.,  xix,  and  lv.) 
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Fluoride  of  Palladium  is  a Lrown  compound,  formed  by  tlie  action 
of  liydrofluoric  acid  on  neutral  jirotonitrate  of  palladium.  (Berzelius. 
Tjehrbuch^  iii.  964.) 

Nitrate  of  Palladium.  Palladium,  -svlien  aided  by  beat,  dissolves 
slovdy  in  nitric  acid^  forming  a brown  solution  wdiicli  leaves  a broM'ii 
subnitrate  on  evaporation.  Nitrate  of  protoxide  of  palladium  forms  a 
double  salt  with  ammonia. 

SuLPiiURET  OF  Palladium.  PdS.  This  compound  is  readily  formed 
by  fusing  sulphur  Mutli  palladium ; it  is  white,  hard,  and  fusible,  and 
when  long  exposed  to  heat  and  air,  loses  the  wdiole  of  its  sulphur.  It  is 
throAvn  down  in  the  form  of  a black  po'wder,  by  the  action  of  sulphuretted 
hydrogen  upon  the  salts  of  palladium.  Heated  in  a stream  of  chlorine,  it 
yields  chloride  of  sulphur  and  protochloride  of  palladium.  It  consists  of 


Fellenberg.  Berzelius.  Vauquelin. 

Palladium  1 ....  54  ....  77-1  ....  75-6‘5  ....  78  ....  80-6 

Sulphur  1 ....  16  ....  22-9  ....  24-35  ....  22  ....  19-4 


Sulphuret  of  palladium  1 70  100-0  lOO'OO  100  100-0 


Protosulphate  of  Palladium,  PdO,S03,  is  obtained  by  boiling  the 
protonitrate  to  dryness  with  sulphuric  acid ; also  by  boiling  the  metal  in 
sulphuric  acid,  when  sulphurous  acid  is  evolved,  and  a brown  solution  is 
obtained,  which  deposits  the  sulphate  in  red  crystals.  This  salt  dissolved 
in  aqueous  ammonia  yields  two  ammonia-sulphates  = NIl3,Pd0,S03  and 
2NH3,Pd0,S03.  (Kane.)  j 

Phospiiuret  op  Palladium  is  a fusible  compound. 

Phosphate  of  Palladium  falls  in  the  form  of  a pale-yellow  precipi- 
tate, on  mixing  solutions  of  protonitrate  of  palladium  and  phosphate  of 
soda. 

Seleniuret  op  Palladium.  Selenium  and  palladium  combine,  with 
the  evolution  of  heat;  the  compound  is  grey  and  coherent,  but  does  not 
easily  fuse:  before  the  blow-pipe  it  gives  off  selenium,  and  at  a very  liigh 
temperature  melts  into  a grey  metallic  button,  -which  is  brittle  and  crys- 
talline, and  still  retains  selenium. 

Carburet  of  Palladiuim.  Palladium  acquires  extreme  brittleness 
when  long  fused  in  contact  Avith  charcoal.  When  a plate  of  palladium 
is  long  held  in  the  flame  of  alcohol,  it  becomes  covered  Avith  carbon,  and 
carbonaceous  excrescences  gradually  form  upon  it,  Avhich,  Avhen  burned, 
leaAm  palladium,  and  the  surface  of  the  metal  becomes  corroded,  and  its 
AA-hole  substance  brittle.  When  spongy  palladium,  in  the  state  in  Avhich 
it  is  obtained  b-v"  the  ignition  of  its  ammonio-chloride,  is  heated  to  redness, 
and  placed  upon  the  Avick  of  a spirit-lamp,  it  gloAvs  and  becomes  enA'eloped 
in  an  accumulation  of  a compound  of  carbon  and  palladium.  This  pro- 
perty of  precipitating  charcoal  from  flame,  and  combining  Avith  it,  is 
peculiar  to  palladium;  platinum  and  iron  only  shoAV  slight  indications  of 
it.  (AVohler,  Pogge?id.,  iii.  71  •) 
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Carbonate  of  Palladium.  Berzelius  has  described  a highly  basic 
carbonate  = 10PdO,CO2,10HO:  if  this  compound  exist,  it  is  probably 
Pd0,C02,H0  +9PdO,HO. 

Cyanide  of  Palladium.  PdCy.  This  compound  is  formed  when  a 
solution  of  cyanide  of  mercury  is  added  to  a neutral  solution  of  palladium: 
it  falls  in  olive-colored  or  dingy-yellow  flakes:  this  furnishes  a ready 
method  of  separating  palladium  from  other  metals  which  are  incapable  of 
decomposing  the  cyanide  of  mercury.  The  cyanide  of  palladium,  wdien 
sufficiently  heated,  leaves  the  metal:  it  dissolves  in  cyanide  of  potassium, 
and,  on  evaporation,  prismatic  crystals  of  i^alladio- cyanide  of  potassium 
are  obtained.  There  is  also  a corresponding  ammoniacal  salt.  When 
nitrate  of  palladium  is  decomposed  by  cyanide  of  mercury,  the  precipitate 
deflagrates  by  heat. 

SuLPHocYANiDE  OF  PALLADIUM  is  a very  soluble  salt. 

Alloys  of  Palladium.  These  have  not  been  minutely  examined. 
It  combines  very  energetically  with  arsenic,  and  with  antimony,  and  forms 
alloys  which  are  easily  fusible  and  brittle.  Analogous  alloys  may  be 
formed  with  zinc,  tin,  and  lead,  all  of  which  produce  ignition  on  combi- 
nation. Equal  parts  of  palladium  and  bismuth  form  a brittle  but  very 
hard  alloy,  of  the  sp.  gr.  12*5.  The  alloy  Avith  iron  is  brittle,  and  in  the 
proportion  of  I per  cent,  it  improves  the  quality  of  steel  for  certain  cutting 
instruments.  (Faraday  and  Stodart.)  The  alloy  of  I part  of  palla- 
dium Avith  4 of  copper  is  AAdiite  and  ductile:  equal  parts  of  the  tAvo  metals 
give  a hard  brittle  compound,  sp.  gr.  10*39.  By  agitating  a solution  of  a 
palladium  salt  Avith  excess  of  mercury,  a soft  amalgam  is  produced,  but  if 
the  palladium  is  in  excess,  it  is  a grey  poAvder  containing  2 atoms  of  pal- 
ladium to  I of  mercury:  it  requires  a AAdiite  heat  to  expel  the  mercury. 
Like  platinum,  it  destroys  the  color  of  gold ; I part,  fused  AA'ith  6 of  gold, 
forming  a Avhite  alloy.  This  compound,  from  its  hardness  and  durability, 
Avas  employed,  at  the  suggestion  of  Dr.  Wollaston,  for  the  graduated  part 
of  the  mural  circle,  constructed  by  Troughton  for  the  Royal  Observatory 
at  GreenAvich.  Electroplating  Avith  palladium  is  easily  performed,  and  in 
some  cases  usefully  applicable. 

Characters  of  the  Salts  of  Palladium.  The  fixed  alkalis  throAv 
doAvn  red  or  orange- colored  precipitates  from  the  solutions  of  palladium, 
sparingly  soluble  in  excess  of  the  alkali.  Ferrocyanide  of  potassium  gives 
an  olive-green  precipitate;  and  sulphuretted  hydrogen  one  of  a dark- 
brown  color.  Protochloride  of  tin  occasions  a broAvn  precipitate  in  the 
neutralized  solutions  of  palladium;  Avhen  dilute,  the  mixture  becomes 
green.  Protosulphate  of  iron  throAvs  doAvn  metallic  palladium.  Many  of 
the  other  metals  precipitate  palladium  in  the  metallic  state.  Cyanide  of 
mercury  forms  a precipitate  in  all  the  salts  of  palladium  Avhen  the  acid  is 
not  in  excess.  Iodide  of  potassium  occasions  a black  precipitate  of  iodide 
of  palladium  in  very  dilute  solutions.  Chloride  of  palladium  added  to  a 
solution  of  1 part  of  iodide  of  potassium  in  400,000  of  AA^ater  produces  a 
broAvn  tint.  (Lassaigne.) 


RHODIUM. 
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§ XXXY.  RHODIUM.  R.  52. 

This  metal,  discovered  in  1803,  by  'VYolIaston,  may  be  obtained  as 
follows  : Digest  the  ore  of  platinum  in  nitrohydrocliloric  acid,  filter  the 
saturated  solution,  and  pour  it  into  a solution  of  sal-ammoniac,  by  which 
the  greater  proportion  of  the  platinum  is  precipitated;  filter,  and  separate 
the  palladium  by  cyanide  of  mercury;  filter  again,  and  immerse  a plate 
of  zinc  into  the  clear  solution,  which  will  become  coated  with  a black 
powder.  Separate  this  and  digest  it  in  dilute  nitric  acid,  by  which  a 
little  copper  and  lead  are  taken  up.  Then  wash,  and  digest  in  dilute 
nitrohydrochloric  acid,  to  which  add  some  common  salt;  evaporate  to 
drjmess,  and  wash  the  dry  mass  repeatedly  with  alcohol.  A deep-red 
substance  remains,  which  is  a rhodiochloride  of  sodium,  and  Avhich,  when 
dissolved  in  water,  furnishes  a black  precipitate  upon  the  immersion  of  a 
plate  of  zinc ; this,  strongly  heated  with  borax,  assumes  a white  metallic 
lustre,  and  is  rhodium  : or  the  double  chloride  may  be  heated  white-hot, 
and  boiled  in  water,  when  finely-divided  metallic  rhodium  remains. 
According  to  Berzelius  it  is  most  effectually  reduced  when  heated  in  a 
stream  of  hydrogen  gas. 

Rhodium  is  a white  metal  very  difficult  of  fusion ; its  specific  gravity 
is  about  11;  it  is  extremely  hard:  it  does  not  admit  of  welding,  so  that  it 
can  only  be  obtained  in  adherent  masses  by  exposing  its  fused  sulphuret 
or  arsenuret  to  a white-heat  till  the  arsenic  and  sulphur  are  expelled;  it 
then  remains  as  a vesicular  silver-colored  mass.  When  pure,  the  acids 
do  not  dissolve  it,  but  they  act  upon  and  dissolve  several  of  its  alloys,  a 
circumstance  which  explains  its  presence  in  the  nitrohydrochloric  solu- 
tion of  platinum.  When  an  alloy  of  lead  and  rhodium  is  digested  in 
nitrohydrochloric  acid,  it  is  also  readily  dissolved,  and  by  evaporation  a 
red  compound  is  obtained,  from  which  chloride  of  rhodium  may  be  sepa- 
rated by  water.  The  red  color  of  this  compound  suggested  the  name 
which  has  been  applied  to  the  metal  (from  poSov,  arose).  Berzelius  has 
shown  that  metallic  rhodium  may  be  oxidized  by  ignition  either  with 
nitre  or  with  bisulphate  of  potassa,  and  that  w'hen  heated  with  the  latter, 
a double  sulphate  of  peroxide  of  rhodium  and  potassa  is  produced,  which 
yields  a yellow  solution  with  hot  water:  in  this  way  rhodium  may  be 
separated  from  platinum,  iridium,  and  osmium.  There  is  some  discre- 
jiancy  in  the  equivalent  of  rhodium  given  by  different  chemists;  according 
to  the  latest  experiments  of  Berzelius,  the  number  52  has  been  adopted. 
(52  Gmelin.  52-2  Turner.  54  Thomson.) 

Rhodium  and  Oxygen.  Rhodium  may  be  oxidized  by  the  joint 
action  of  heat  and  air,  but  the  protoxide,  = RO,  has  not  been  obtained 
and  examined  in  an  isolated  state.  The  salifiable  oxide  is  R2  03. 

Sesquioxide  or  Rhodium.  Peroxide  of  Rhodium.  Rhodic  Oxide. 
R2  03.  This  oxide  is  obtained,  (1.)  By  heating  finely-divided  rhodium 
with  caustic  potassa  and  a little  nitre  to  redness  in  a silver  crucible, 
washing  the  product  and  digesting  it  in  hydrochloric  acid:  a greenish-giey 
hydrated  oxide  remains,  which,  however,  is  insoluble  in  acids.  (2.)  An 
excess  of  carbonate  of  potassa,  or  carbonate  of  soda,  is  added  to  a solution 
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of  rbocliocliloride  of  potassium  or  sodium,  and  the  mixture  evaporated : 
it  immediately  ])ecomes  turhid,  and  during  evaporation,  gelatinous,  from 
the  formation  of  hydrated  oxide,  Avliich  is  to  he  thrown  upon  a filter  and 
■well  washed:  in  this  state  it  retains  alkali,  and  is  soluble  in  the  acids, 
which  acquire  a yellow  color,  and  form  double  salts:  when  the  hydrochloric 
solution,  which  also  is  at  first  yellow,  is  evaporated,  it  reddens  when  con- 
centrated, and  leaves  a red  residue. 

This  oxide  of  rhodium,  A^dlen  rendered  anhjalrous  by  long  exposure  to 
a red-heat,  (when,  according  to  Berzelius,  it  loses  no  oxygen,)  is  black:  it 
is  very  easily  reduced  by  hydrogen.  Its  components  are 


Berzelius. 

Rhodium 2 ....  104  ....  81-25  ....  81-28 

Oxygen  3 ....  24  ....  18-75  ....  18*72 


Sesquioxide  of  rhodium 1 128  100-00  100-00 


Pkotochloride  of  Rhodium.  RCl,  was  obtained  by  Fellenberg  by 
passing  dry  chlorine  over  heated  protosulphuret  of  rhodium  : it  is  a red 
compound,  easily  reduced  when  gently  heated  in  a ’stream  of  hydrogen, 
hut  not  altered  by  the  continued  action  of  chlorine:  it  is  insoluble  in 
water  and  in  hydrochloric  and  nitric  acids,  and  is  not  decomposed  by  a 
boiling  solution  of  potassa  or  carbonate  of  potassa.  (Fellenberg.)  It 
consists  of 

Fellenberg.  Berzelius. 

Rhodium 1 ....  52  ....  59-09  ....  59-49  ....  60 

Chlorine  I ....  36  ....  40-91  ....  40-51  ....  40 

Protochloride  of  rhodium 1 88  100*00  100*00  100 

Sesquichloride  of  Rhodium.  R2  Cl3.  Berzelius  obtained  this  salt 
by  adding  fluosilicic  acid  (not  in  excess)  to  an  aqueous  solution  of  rho- 
diochloride  of  potassium,  filtering,  evaporating,  dissolving  the  residue 
in  water,  and  evaporating  again,  with  the  addition  of  hydrochloric  acid, 
to  expel  adhering  fluosilicic  acid.  This  is  a dark-hrown  uncrystalline 
compound,  which  is  decomposed  at  a high  red-heat  into  chlorine  and  metal : 
it  gradually  deliquesces  on  exposure  to  air,  and  forms  a red  solution  with 
water,  and  with  alcohol.  It  forms  a yellow  solution  with  hydrochloric 
acid,  which  reddens  as  the  excess  of  acid  is  expelled  by  evaporation.  Ber- 
zelius has  described  another  chloride  R4  Cl5,  obtained  by  passing  chlo- 
rine over  finely-divided  rhodium,  as  obtained  by  reducing  an  alkaline  rho- 
diochloride  by  hydrogen : it  is  a red  powder,  insoluble  in  water  and  hydro- 
chloric acid:  it  is  probably  either  the  protochloride,  or  a compound  of  it  with 
the  perchloride  — 2RC1  + R2C13.  Sesquichloride  of  rhodium  consists  of 


Rhodium 2 ....  104  ....  49*05 

Chlorine  3 ....  108  ....  50*95 


Sesquichloride  of  rhodium 1 212  100  00 

Rhodiochloride  of  Ammonium.  Asimonio-sesquichloride  of  Rho- 
dium. 2NII4  C1,R2  Cl3.  This  double  salt  is  obtained  by  evaporating  a 
mixed  solution  of  chloride  of  rhodium  and  sal-ammoniac:  it  forms  brilliant 
garnet-colored  prisms,  which,  when  decomposed  by  heat,  leave  31  per  cent. 
of  rhodium  (Yauquelin.  Ann.  de  Chim.^  xc.  204):  they  give  a red 
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solution  ill  ‘water,  and  are  insol iilile  in  alcoliol.  Plclilorlcle  of  platinum, 
added  to  tlieir  aqueous  solution,  throws  down  ammonio-hicliloride  of 
platinum,  and  chloride  of  rhodium  (hydroclilorate  of  oxide  of  rhodium) 
remains  in  solution.  The  crystals  of  this  salt  consist  of 

Chloride  of  ammoiiiuin  2 ....  lOu  ....  31-1)2 

Scsqiiichloride  of  rhodium 1 ....  212  02-72 

AVater 2 ....  18  ....  5- 30 

Ithodiocliloride  of  ammonium  1 338  lOO'OO 

Khodiociiloride  of  Potassium.  2KC1,P2  Cl3.  This  salt  is  best 
obtained  by  passing  a stream  of  chlorine  over  a mixture  of  equal  parts  of 
finely  divided  rhodium  and  chloride  of  potassium,  heated  to  dull  redness 
in  a glass  tube,  till  chlorine  ceases  to  be  absorbed:  the  product  is  dis- 
solved in  water,  and  alcohol  added  to  the  filtered  solution:  the  red  preci- 
pitate of  rhodiochloride  is  further  washed  with  dilute  alcohol,  (sp.  gr. 
840),  to  free  it  from  remaining  chloride  of  potassium.  This  salt  may  be 
obtained  by  evaporation  in  the  form  of  black-red  quadrilateral  prisms, 
'which  are  r=:  2KC1, 142  Cl3, 2110:  they  lose  their  water  of  crystallization 
at  a little  above  212°.  The  anhydrous  salt  contains  about  29  per  cent,  of 
rhodium,  its  proximate  components  being 

Berzelius. 

Chloride  of  potassium 2 ....  152  ....  41-76  ....  41-54 

Sesquichloride  of  rhodium ....  1 ....  212  ....  58-24  ....  58-46 

llhodiochloride  of  potassium  1 364  100-00  100-00 

Khodiociiloride  of  Sodium.  .3NaC],R2  Cl3.  This  salt  is  obtained 
as  the  preceding,  but  2 parts  of  chloride  of  sodium  and  1 of  pulverulent 
rhodium  are  used.  The  crystals  obtained  from  its  aqueous  solution  include 
18  atoms  (.30  per  cent.)  of  water;  they  are  red,  fusible  in  their  water  of 
crystallization,  and  effloresce  in  a dry  atmosphere.  After  a long  exposure 
to  a red-heat,  they  leave  a mixture  of  metallic  rhodium  and  chloride  of 
sodium.  They  dissolve  in  1-5  parts  of  water,  forming  a cochineal-red 
solution;  they  are  insoluble  in  alcohol : their  components  are 

Chloride  of  sodium' 3 ....  180  ....  32‘71  .•••  ••••  ^60  ....  45-92 

Sesquichloride  of  rhodium  1 ....  212  ....  38-54  ....  ....  1 ....  212  ....  54-()8 

Water 18  ....  162  ....  28-75 

Crystallized 1 554  10000  Anhydrous  1 392  100-00 

Nitrate  of  Riiodiu:m  is  formed  by  dissolving  the  oxide  in  nitric  acid; 
it  is  deliquescent,  uncrystallizable,  and  of  a deep  red  color.  Ihe  metal  is 
thrown  down  from  it  by  copper  and  mercury,  but  not  by  silver.  (A\  oL- 
LASTON.)  The  double  nitrate  oj  rhodium  and  soda  forms  dark-red  crys- 
tals, soluble  in  water,  but  insoluble  in  alcoliol.  (Berzelius.) 

Protosulphuret  of  Rhodium,  RS,  is  obtained  by  heating  the  metal 
in  a state  of  fine  division  with  sulphur;  or  by  heating  the  ammonio-chlo- 
ride  of  rhodium  with  sulphur  ; it  is  also  formed  by  heating  the  solution 
of  the  latter  salt  with  one  of  an  alkaline  hydrosulphuret,  washing 
the  precipitate  with  boiling  Avater,  and  subjecting  it  at  a red-heat  to  a cur- 
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rent  of  carbonic  acid  gas,  by  which  water  and  a portion  of  sulphur  are 
carried  off.  (Fellenberg.  Poggend.,  l.  63.)  This  sulphuret  is  a bluish 
metallic  compound,  which,  when  heated  in  the  air,  gives  off  sulphurous 
acid  and  leaves  spongy  rhodium : heated  in  a stream  of  chlorine,  it  yields 
chloride  of  sulphur  and  protochloride  of  rhodium:  it  consists  of 


Fellenberg.  Vauquelin. 

Rhodium  1 ....  52  ....  76-47  ....  76-52  ....  79-36 

Sulphur 1 ....  16  ....  23-53  ....  23*48  ....  20-64 


Protosulphuret  of  rhodium  1 68  100-00  100*00  100*00 

Sesquisulphuret  of  Rhodium.  R2  S3.  Hydrosulphuret  of  ammonia 
produces  a brown  precipitate  in  solution  of  rhodiochloride  of  sodium,  which 
becomes  acid  when  exposed  to  air,  and  is  perfectly  soluble  in  solution  of 
sulphuret  of  potassium:  it  is  only  partially  soluble  in  solution  of  caustic 
potassa,  with  the  formation  of  hyposulphurous  acid  and  deposition  of  rho- 
dium. (Berzelius.) 

Sulphate  of  Sesquioxide  of  Rhodium  is  a brown  soluble  uncrystal- 
lizable  salt,  obtained  by  the  action  of  nitric  acid  on  the  precipitated  sesqui- 
sulphuret of  rhodium : by  careful  heating,  sulphuric  acid  and  oxygen 
may  be  so  expelled  as  to  leave  a protosulphate.  Sesquioxide  of  rhodium 
forms  two  double  sulphates  with  potassa;  one  is  obtained  by  igniting  rho- 
dium with  bisulphate  of  potassa;  it  yields  a yellow  solution  with  hot 
water;  the  other  is  formed  by  the  action  of  sulphurous  acid  on  the  rhodio- 
chloride of  potassium ; it  is  a pale  yellow  powder.  (Berzelius.) 

Phosphate  of  Sesquioxide  of  Rhodium  is  formed  by  boiling  pulveru- 
lent rhodium  in  concentrated  phosphoric  acid,  or  by  fusing  it  at  a red- 
heat  with  the  hydrated  acid.  The  product  yields  a yellow-brown  solution. 
(Fischer.  Poggend.,  xxiii.  257.) 

Alloys  of  Rhodium.  Rhodium  forms  malleable  alloys  with  the  mal- 
leable metals,  several  of  which  have  been  examined  by  Dr.  Wollaston. 
{Phil.  Trans..,  1804.)  1 to  2 i^er  cent,  of  rhodium  gives  steel  great  hard- 

ness, and  yet  there  is  sufficient  tenacity  to  prevent  cracking  either  in 
forging  or  hammering.  {Quart.  Journ..,  ix.  328.)  The  alloy  of  1 part  of 
rhodium  and  2 of  lead  has  the  sp.  gr.  11*3:  Avith  3 of  lead  the  alloy  is 
perfectly  soluble  in  nitric  acid:  so  also  is  the  alloy  of  1 of  rhodium  and  3 
of  copper.^  and  1 of  rhodium  and  3 of  Insniuth.  When  its  alloy  Avith 
arsenic  is  heated  to  redness  exposed  to  air,  the  arsenic  evaporates  and 
leaves  brittle  rhodium.  With  silver  it  forms  a malleable  alloy,  Avhich,  on 
slow  cooling,  after  fusion,  becomes  covered  by  a black  film  of  protoxide 
of  rhodium.  In  this  compound  the  rhodium  is  not  attacked  by  nitric 
acid.  1 part  of  rhodium  Avith  4 or  5 of  gold  produces  an  alloy  of  the 
color  of  gold,  very  malleable  and  difficult  of  fusion,  and  Avhich  becomes 
covered  Avith  a black  powder  Avhen  sloAvly  cooled  : 1 of  rhodium  and  6 of 
gold  forms  an  alloy  more  fusible  than  the  former,  but  less  fusible  than  pure 
gold:  in  these  compounds  the  rhodium  is  not  acted  on  by  nitric  acid. 
(Wollaston.)  The  extreme  hardness  and  durability  of  rhodium  induced 
Dr.  Wollaston  to  suggest  it  for  the  nibs  of  metallic  pens,  a purpose  to 
which  it  has  been  successfully  applied. 
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Characters  of  the  Salts  of  Rhodium.  The  salts  of  the  sesquioxide 
of  rhodium  are  mostly  red,  or  occasionally  yellow  and  brown;  their  taste 
is  astringent;  they  are  easily  reducible  by  hydrogen;  the  rhodium  is 
thrown  down  from  them  in  the  form  of  a Idack  powder  by  iron,  zinc, 
copper,  and  mercury,  but  not  by  silver;  with  tin  and  protocliloride  of  tin 
they  yield  brown  or  yellow  precipitates,  or  are  merely  discolored,  accord- 
ing to  their  state  of  dilution;  sulphuretted  hydrogen  occasions  a brown 
precipitate,  which,  unless  aided  by  heat,  is  some  time  in  appearing;  it  is 
soluble  in  hydrochloric  acid:  caustic  and  carbonated  ammonia  gradually 
throw  down  a yellow  precipitate,  (of  oxide  of  rhodium  and  ammonia,) 
which  gives  a yellow  solution  in  hydrochloric  acid:  potassa,  and  carbonate 
of  potassa,  produce  no  precipitate  till  the  mixed  solutions  are  evaporated, 
when  a brown  gelatinous  hydrated  oxide,  combined  with  potassa,  falls. 
A pure  hydrated  oxide  of  rhodium,  of  a red-brown  color,  is  thrown  doAvn 
by  lime-water,  from  a solution  of  the  sesquioxide  of  rhodium  in  hydro- 
chloric acid.  The  solutions  of  rhodium  are  darkened  by  iodide  of  potas- 
sium, and  after  some  time  a scanty  precipitate  falls:  they  are  not  preci- 
pitated by  phosphate  of  soda,  sal-ammoniac,  chloride  of  potassium,  chro- 
mate of  potassa,  oxalic  acid,  cyanide  of  potassium  or  of  mercury,  ferrocya- 
nides  of  potassium,  or  gallic  acid.  (L.  Gmelin.) 


§ XXXYI.  OSMIUM.  Os.  100. 

Osmium  and  Iridium  are  contained  in  the  black  powder  which  remains 
after  the  action  of  nitrohydrochloric  acid  upon  the  ore  of  platinum.  This 
residue,  when  fused  with  potassa  and  washed,  furnishes  a yellow  alkaline 
solution  of  oxide  of  osmium.  Saturate  the  alkali  with  sulphuric  acid, 
pour  the  mixture  into  a retort,  and  distil : a colorless  solution  of  the 
oxide  of  osmium  passes  into  the  receiver,  from  which  almost  all  the  other 
metals  throw'  down  metallic  osmium.  (Tennant,  Vhil.  Trans.,  1804; 
Wollaston,  Ibid.,  1829.  See  also  Fremy  on  the  Preparation  of  Osmium 
and  Iridium.  Ann.  Ch.  et  PL,  Dec.  1844,  512.)  To  obtain  the  oxide  of 
osmium  in  a pure,  solid,  and  crystallized  state,  grind  together,  and  in- 
troduce, when  ground,  into  a cold  crucible,  three  parts  by  weight  of  the 
insoluble  powder,  and  one  part  of  nitre.  The  crucible  is  to  be  heated  to 
a o-ood  red  in  an  open  fire,  until  the  ingredients  are  reduced  to  a pasty 
state,  when  osmic  fumes  will  be  found  to  arise  from  it.  The  soluble 
parts  of  the  mixture  are  then  to  be  dissolved  in  the  smallest  quantity  of 
water  necessary  for  the  purpose,  and  the  liquor  thus  obtained  is  to  be 
mixed  in  a retort,  with  so  much  sulphuric  acid,  diluted  with  its  weight  of 
water,  as  is  equivalent  to  the  potassa  contained  in  the  nitre  emplo\  ed . but 
no  inconvenience  will  result  from  using  an  excess  of  sulphuiic  acid.  By 
distilling  rapidly  into  a clean  receiver,  for  so  long  a time  as  the  osmic 
fumes  continue  to  come  over,  the  oxide  will  be  collected  in  the  foim  of  a 
white  crust  on  the  sides  of  the  receiver,  and  there  melting,  it  vill  lun 
down  in  drops  beneath  the  watery  solution  forming  a fluid  flattened 
globule  at  the  bottom.  When  the  receiver  has  become  quite  cold,  the 
oxkle  will  become  solid  and  crystalline.  One  such  operation  has  yielded 
30  grains  of  the  crystallized  oxide,  besides  a strong  aqueous  solution  of  it. 
This  may  be  agitated  with  mercury,  and  the  product  washed  with  hydro- 
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chloric  acid  to  remove  the  oxide  of  mercury  which  is  formed.  The 
osmium  remains  in  the  form  of  a black  powder,  which  acquires  a metallic 
lustre  by  friction.  In  its  densest  state,  its  specific  gravity,  according  to 
Berzelius,  is  10.  {^Ann.  Ch.  et  P/?.,  xl.  and  xnii.) 

When  osmium  is  heated  in  the  air  it  burns  into  an  oxide,  and  in  its 
pulverulent  state  it  is  attacked  by  nitric  acid;  but  after  exposure  to  a 
red-heat  in  close  vessels,  it  becomes  much  less  oxidable.  Osmium  is 
extremely  poisonous,  and  has  an  extraordinary  influence  upon  the  brain 
and  nervous  system;  so  that  persons  have  been  rendered  delirous  by  in- 
haling osmic  fumes.  The  equivalent  of  osmium  appears,  on  the  authority 
of  Berzelius,  to  be  about  100,  (99*7  Turner,)  and  he  conceives  it  suscep- 
tible of  five  degrees  of  oxidizement. 

Protoxide  of  Osmium.  OsO,  is  obtained  by  the  action  of  pure 
alkalis  on  the  protochloride  of  osmium,  or  upon  the  osmio-chloride  of 
potassium:  it  gradually  falls  in  the  form  of  a nearly  black  hydrate^  obsti- 
nately retaining  a portion  of  alkali ; it  dissolves  slowly  in  the  acids,  form- 
ing deep-green  or  greenish-brown  solutions.  AVhen  heated  in  a close 
vessel  it  gives  off  ivater,  but  does  not  sublime.  It  detonates  -when  heated 
with  combustibles.  It  is  reduced  by  hydrogen  with  the  evolution  of 
heat ; its  components  are 

Berzelius. 


0.smium 

1 .. 

..  100  ... 

. 92-59 

...  92-56 

Oxygen 

1 .. 

8 ... 

. 7-41  .. 

7*44 

Protoxide  of  osmium..., 

, 1 

108 

100-00 

100-00 

Sesquioxide  of  Osmium.  Os2  03,  has  not  been  obtained  in  an  insu- 
lated state,  but  is  produced  in  combination  M'itli  ammonia  when  the  per- 
oxide is  heated  with  excess  of  ammonia,  nitrogen  being  at  the  same  time 
evolved.  On  evaporating  the  ammoniacal  solution  a black  powder  falls, 
wbicli  becomes  brown  Avhen  dried,  and  is  a hydrated  compound  of  the 
sesquioxide  "with  ammonia : when  heated  it  deflagrates  and  is  reduced: 
after  having  been  boiled  with  caustic potassa  it  is  explosive:  it  is  sparingly 
soluble  in  acids,  forming  brown  solutions:  it  dissolves  in  caustic  and  car- 
bonated alkalis  without  loss  of  ammonia,  and  ivlien  precipitated  by  an 
alkali  from  its  acid  solutions  it  still  retains  ammonia  : these  solutions  are 
not  precipitated  by  zinc  or  iron.  (Berzelius.)  The  composition  of  this 


oxide  is 

Berzelius. 

Osmimfi 2 ....  200  ....  89-20  ....  89-24 

Oxygen  3 ....  24  ....  10-71  ....  10-76 


Sesquioxide  of  osmium 1 224  100-00  lOO’OO 

Binoxide  of  Osmium.  Os02.  MTien  a saturated  solution  of  bichlo- 
loride  of  osmium,  or  of  the  osmio-bichloride  of  potassium,  is  heated  with 
carbonate  of  soda,  the  binoxide  gradually  falls;  it  retains  a little  alkali, 
-which  may  be  removed  by  dilute  hydrochloric  acid;  if  it  then  be 
Avashed  and  dried  at  212^,  it  only  retains  ivater,  which  it  gives  off 
■when  more  highly  heated,  and  remains  anhydrous.  In  this  state  it 
appears  insoluble  in  the  acids,  but  it  is  a salifiable  base  when  in  its 
nascent  state.  It  consists  of 
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Berzelius. 

Osmium  I ....  loO  ....  ao-li  ....  80-15 

Oxygen  2 ....  10  ....  liJ-;  ....  18-85 


Uinoxide  of  osmium  1 no  100  0 100  00 


Teiioxide  of  Osmium.  Os03,  is  assumed,  by  Berzelius,  to  exist  iii 
certain  salts  of  this  metal,  but  it  has  mot  been  isolated. 


Peroxide  of  Osmium.  Osmic  Acid.  Os04.  This  is  the  volatile 
oxide  above  adverted  to,  and  is  obtained  by  the  combustion  of  the  metal 
in  oxygen,  or  by  the  action  of  boiling  nitric  acid,  or  by  tlie  fusion  of 
osmium  \vith  nitre  or  -with  potassa.  AVhen  osmium  is  heated,  and  a 
current  of  oxygen  passed  over  it,  white  or  yelloM  ish  crystals  of  the  anhy- 
drous peroxide  are  formed : these  dissolve  slowly  in  water,  and  readily 
in  alcohol  and  ether;  the  solutions  gradually  deposit  metallic  osmium. 
Other  combustibles  deoxidize  it ; by  sulphurous  acid  its  solution  is  ren- 
dered yellow,  orange,  brown,  green,  and  lastly  blue,  colors  corresponding 
to  different  degrees  of  oxidizement.  It  stains  the  skin.  It  may  be 
volatilized  in  hydrogen  gas,  but  -when  its  vapor  and  hydrogen  are  passed 
through  a red-hot  tube,  it  is  reduced.  It  is  reduced  by  sulphuretted 
hydrogen,  and  sulphuret  of  osmium  is  formed.  The  odor  of  the  vapor  of 
this  oxide  is  very  peculiar ; it  has  been  by  some  compared  to  that  of 
chlorine;  it  is  acrid,  and  poisonous;  -when  much  diluted,  it  a little 
resembles  the  smell  of  new  wheaten  bread;  this  is  the  origin  of  the  term 
osmium^  from  ocr/jLr],  odor.  It  has  no  acid  reaction,  but  as  it  combines 
-with  alkalis,  and  forms  compounds  which  are  permanent  at  high  temper- 
atures, it  has  sometimes  been  termed  osmic  acid.  When  infusion  of  galls 
is  dropped  into  its  aqueous  solution,  a very  characteristic  blue  color  is 
produced,  -which  Berzelius  ascribes  to  a mixture  of  the  peroxide  and  ses- 
quioxide.  Its  components  are 


Berzelius. 

Osmium  1 ....  100  ....  73-75  ....  75-G7-2 

Oxygen  4 ....  32  ....  24-25  ....  24-328 


Osmic  acid  1 132  100-00  100  000 


Chlorides  of  Osmium.  Berzelius  has  described  four  chlorides  of 
this  metal,  corresponding  in  composition  to  the  oxides.  A\  hen  chlorine 
is  transmitted  over  heated  osmium,  a beautiful  dark-green  sublimate  of 
j)?-otochloride  of  osmium  is  the  result.  This  is  succeeded  by  a red  subli- 
mate, which  is  the  bichloride.  The  sesquicldoride  and  perchloride  have 
not  been  obtained  in  a separate  state  ; Berzelius  infers  their  existence  in 
combination  with  sal-ammoniac,  in  certain  osmio-chlorid es  of  ammonium: 
he  has  also  examined  the  double  salts,  produced  by  the  union  of  proto- 
chloride  and  perchloride  of  osmium  -with  the  chloride  of  potassium. 
When  osmic  acid  is  dissolved  in  hydrochloric  acid,  or  when  osmium  is 
digested  in  nitrohydrochloi-ic  acid,  an  orange-colored  solution  is  obtained, 
-which  is  at  first  rendered  blue  by  the  immersion  of  a plate  of  zinc,  and 
afterwards  metallic  osmium  falls  as  a black  po-wder  : -\vhen  this  solution 
is  diluted  it  is  rendered  blue  by  tincture  of  galls.  (\  auqlelin.) 

..  SuLPiTURETS  OF  OsMiuM.  Sulphiu'  and  osmium  appaiently  combine^ 
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in  several  proportions,  for  sulphuretted  hydrogen  precipitates  it  from  all 
its  solutions. 

The  remaining  compounds  of  this  remarkable  metal  have  not  been 
sufficiently  examined,  to  enable  us  to  give  satisfactory  details  respecting 
them.  A few  of  its  alloys  have  been  noticed  by  Tennant,  and  the  charac- 
ters of  its  salts  will  be  sufficiently  obvious  from  the  preceding  statements. 
The  best  details  upon  the  subject  of  osmium  and  its  compounds,  will  be 
found  in  Berzelius’  Lehrhiich^  and  in  L.  Gmelin’s  Handbudi  der  Chemie. 


§ XXXYII.  IRIDIUM.  Ir,  99. 

This  metal  was  discovered  by  Tennant  in  1803,  and  about  the  same 
time  by  Descotils:  the  various  colors  exhibited  by  the  hydrochloric  solu- 
tion of  its  oxide  suggested  its  name  (from  /m,  the  rainbow) . The  black 
powder  which  remains  after  native  platinum  has  been  digested  in  nitro- 
hydrocbloric  acid,  consists  chiefly  of  iridium  and  osmium;  titanium  and 
chromate  of  iron  also  occur  in  it.  To  obtain  iridium,  this  powder  is 
fused  in  a silver  crucible,  with  twice  its  weight  of  hydrate  of  potassa,  for 
the  space  of  an  hour  or  more;  the  residue  is  washed,  by  which,  as  already 
stated,  the  oxide  of  osmium  is  removed,  and  the  remaining  insoluble  por- 
tion is  iridium^  which  has  been  partially  oxidized  by  the  process  of  fusion. 
This  oxide  is  soluble  in  hydrochloric  acid,  and  the  solution  is  blue,  if  free 
from  iron,  which  communicates  more  or  less  of  a green  tint:  when  heated 
with  the  addition  of  a little  nitric  acid,  it  becomes  red,  probably  in  con- 
sequence of  the  peroxidizement  of  the  iridium.  When  the  hydrochloric 
solution  of  iridium  is  evaporated,  it  furnishes  brown  crystals,  which  are 
decomposed  by  a red  heat,  and  leave  finely-divided  metallic  iridium. 
They  form  a reddish-brown  solution  with  water,  which  if  concentrated  and 
mixed  with  a saturated  solution  of  sal-ammoniac,  aflbrd  a dark-brown 
precipitate  of  the  ammonio-chloride  of  iridium.  The  solution  of  the 
chloride  is  decomposed  by  all  the  metals  except  gold  and  platinum,  and 
metallic  iridium  precipitated. 

Iridium,  obtained  by  immersing  a plate  of  zinc  into  a solution  of  the 
chloride,  or  by  violently  heating  that  salt,  is  of  a wdiitish  color,  and, 
according  to  Children,  who  succeeded  in  fusing  it  by  means  of  his  large 
Voltaic  apparatus,  its  specific  gravity  is  about  18.  The  approximate 
specific  heat  of  iridium  is,  according  to  Regnault,  = 0*03683.  Its  most 
marked  character  is  extremely  difficult  solubility  in  the  acids : indeed, 
when  pure,  it  is  probably  insoluble,  although,  when  alloyed  with  jdati- 
nurn,  a little  is  taken  up  by  nitrohydrochloric  acid.  Its  equivalent  may 
be  assumed  as  about  99. 

Oxides  of  Iridium.  According  to  Berzelius  there  are  four  oxides  of 
iridium,  separable  from  the  corresponding  chlorides  by  the  action  of 
alkalis. 

Protoxide  of  Iridium.  IrO,  is  obtained  by  decomposing  the  proto- 
chloride by  a solution  of  caustic  potassa ; the  product  is  to  be  washed 
with  dilute  acid,  and  afterwards  with  water,  and  dried;  it  is  a heavy  black 
powder,  which  loses  oxygen  at  a red-heat;  it  is  not  soluble  in  the  acids, 
but  with  potassa  yields  a blue  or  purple  solution.  The  hydrate  of  this 


OXIDES  OF  IRIDIUM. 


1089 


oxide  is  thrown  down  in  the  form  of  a greenish-grey  powder,  when  the 
iridiochloride  of  potassium,  KCl,IrCl,  is  decomposed  by  carbonate  of 
potassa.  This  oxide  consists  of 

Iridium  1 ....  09  ....  92*52 

Oxygen  1 ....  8 ....  7*48 


Protoxide  of  iridium 1 107  100*00 

Sesquioxide  of  Iridium.  Ir2  03,  is  formed  when  iridium  is  calcined 
with  nitre  or  caustic  potassa;  or  by  exposing  a mixture  of  the  iridiobi- 
chloride  of  potassium,  KCl,IrCl2,  with  twice  its  weight  of  carbonate  of 
potassa,  to  a dull  red-heat;  the  residue  when  washed  leaves  this  oxide  in 
the  form  of  a black  powder;  it  requires  a very  high  red-heat  for  its  de- 
composition; hydrogen  gas  decomposes  it  at  common  temperatures,  in 
consequence  probably  of  an  action  similar  to  that  of  spongy  platinum. 
The  hydrate  of  this  sesquioxide  is  obtained  in  the  form  of  a bulky  dark 
reddish-brown  precipitate,  when  a solution  of  the  sesquichloride,  or  one 
of  its  double  salts,  is  decomposed  by  an  alkali ; if  ammonia  be  used,  the 
precipitate  deflagrates  when  heated.  The  saturated  alkaline  solutions  of 
this  sesquioxide  are  decomposed  when  diluted  with  water;  its  hydrate 
combines  with  acids,  but  when  anhydrous  it  is  insoluble  in  them.  The 
components  of  this  oxide  are 

Iridium 2 ....  198  ....  89*19 

Oxygen 3 ....  24  ....  10*81 


Sesquioxide  of  iridium 1 222  100*00 

Binoxide  of  Iridium.  Ir02,  has  not  been  isolated,  but  it  exists  in 
a class  of  salts,  and  appears  to  be  soluble  in  the  alkalis  and  their  carbonates. 

Peroxide  of  Iridium.  Ir03.  Berzelius  describes  this  under  the 
name  of  sesquioxide^  but  represents  it  by  Ir03,  and  states  that  it  contains 
between  19  and  20  per  cent,  of  oxygen.  To  obtain  it  he  heats  the 
purest  osmic  iridium  to  redness,  with  nitre,  and  digests  the  residue  in 
nitrohydrochloric  acid ; then  expels  the  osmic  acid  and  excess  of  nitric 
acid,  by  heat,  evaporates  to  dryness,  and  dissolves  the  remaining  saline 
mass  in  water  to  separate  it  from  the  insoluble  matter:  this  solution  is 
then  evaporated  and  the  remaining  salt  acted  on  by  a little  water,  which 
at  first  forms  a colorless  solution  of  chloride  of  potassium ; a second  poi- 
tion  of  water  then  yields  a red  solution,  and  by  the  alternate  action  of 
small  quantities  of  water,  rose-colored  and  reddish-yellow  solutions  aie 
obtained.  In  these  operations  two  double  iridiopotassium  salts  aie 
formed,  which  are  both  insoluble  in  a saturated  solution  of  chloride  of 
potassium.  But  one  of  these  salts,  namely,  that  which  gives  a rose- 
colored  solution,  is  soluble  in  a dilute  solution  of  chloride  of  potassium,  in 
which  the  other  is  almost  insoluble:  this  last  insoluble  salt,  which  consti- 
tutes the  principal  part  of  the  product,  is  the  iridiochloride  of  potassium; 
the  other  is  the  iridioperchloride:  when  the  solution  of  the  latter  is 
mixed  with  carbonate  of  potassa  or  soda,  it  is  rendered  slightly  turbid, 
but  on  the  application  of  heat  a brownish  gelatinous  hydrate  falls,  exactly 
resembling  that  from  the  double  rhodium  salt : after  having  been  well 
washed,  it  still  retains  alkali ; when  dried  and  heated  in  a retort  it  decre- 
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pitates  and  loses  water  and  part  of  its  oxygen  ; tlie  relations  of  tliis 
oxide  to  the  oxyacids  have  not  been  determined;  with  hydrochloric  acid 
it  forms  a yellow  solution,  which  acquires  a red  color  when  evaporated 
nearly  to  dryness  : this  oxide  consists  of 


Berzelius. 

Iridium 1 ....  99  ....  80-49  ....  80-435 

Oxygen 3 ....  24  ....  19-51  ....  19-585 


Peroxide  of  iridium 1 123  100-00  100*000 


Protochloride  of  Iridium.  IrCl,  is  formed  by  the  action  of  chlo- 
rine on  pulverulent  iridium  heated  to  incipient  redness;  it  is  a dark-olive 
powder : it  is  decomposed  at  a high  heat,  giving  off  chlorine  and  sesqui- 
chloride,  and  leaving  iridium;  it  is  insoluble  in  water;  very  slightly 
soluble  in  boiling  hydrochloric  acid,  and  scarcely  affected  by  nitrohydro- 
chloric  acid;  it  is  resolved  by  excess  of  potassa  into  chloride  of  potas- 
sium and  protoxide  of  iridium ; it  forms  double  iridio-protochlorides.  Its 
components  are 

Fellenberg. 

Iridium  1 ....  99  ....  74-08  ....  73-78 

Chlorine 1 ....  38  ....  25-92  ....  28-22 

Protochloride  of  iridium  1 135  100-0  100  00 

Sesquichloride  of  Iridium.  Ir2  Cl3.  When  iridium  is  calcined 
Avith  potassa  and  nitre,  and  the  resulting  product  supersaturated  by  nitric 
acid,  an  oxide  is  obtained,  which  -when  Avashed,  and  dissolved  in  hydro- 
chloric acid,  yields  chloride  and  sesquichloride  of  iridium;  the  latter 
forms  a brown  solution,  Avhich,  evaporated  to  drjmess  and  digested  in 
alcohol,  gives  a solution  of  sesquichloride,  and  a residue  of  the  double 
iridiochloride  of  potassium.  The  sesquichloride  is  obtained  on  evapo- 
rating the  alcoholic  solution,  in  the  form  of  a deliquescent  uncrystallizable 
compound  of  a black  hue ; it  tinges  Avater  deep-broAvn ; it  is  ahvays 
hydrated,  and,  Avhen  heated,  gives  off  hydrochloric  acid,  and  forms  an 
oxichloride  Avhich  is  decomposed  at  a higher  heat.  This  chloride  forms 
double  salts  Avith  the  alkaline  chlorides:  their  solutions  are  deep  broAvn, 
and,  when  boiled  Avith  excess  of  alkaline  chloride,  are  decomposed,  the 
sesquichloride  of  iridium  becoming  protochloride  and  bichloride,  and 
forming  tAVO  double  salts,  of  AAdiich  those  of  the  protochloride  are  dissolved, 
and  those  of  the  bichloride  deposited.  The  sesquichloride  consists  of 


Iridium 2 ....  198  ....  64-71 

Chlorine  3 ....  108  ....  35-29 


Sesquichloride  of  iridium.,..  1 308  100-00 

Bichloride  of  Ibidium,  IrCl2,  is  obtained  by  calcining  iridium  AAutli 
nitre  and  potassa,  Avashing  the  resulting  oxide,  dissolving  it  in  nitro- 
hydrochloric  acid,  and  evaporating  to  dryness ; the  bichloride  remains 
nearly  pure;  at  a high  heat,  it  gives  out  water  and  hydrochloric  acid, 
and  produces  oxide  of  iridium ; its  aqueous  solution  is  deep  red ; it  is 
soluble  in  alcohol,  but  this  solution  decomposes  spontaneously  into 
hydrochloric  acid,  sesquichloride,  and  iridium.  Bichloride  of  iridium 
consists  of 
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4^  Iridium  i 

Chlorine 2 


Bichloride  of  iridiimi  1 171  lOO'O 

Iridio-biciilorides.  The  bichloride  of  iridium  produces  character- 
istic double  salts.  When  an  intimate  mixture  of  metallic  iridium  and 
chloride  of  potassium  is  heated,  and  subjected  to  the  action  of  a current 
of  chlorine,  the  iridio-hichloridc  of  poiassium,  KCl,TrCl2,  is  formed ; the 
resulting  product  should  be  washed  in  water  acidulated  by  nitro-hydro- 
chloric  acid,  the  undissolved  iridium  separated  by  deposition,  and  the 
solution  evaporated  to  dryness ; the  excess  of  chloride  of  potassium  may 
then  be  removed  by  water,  for  the  double  chloride  is  insoluble  in  tlie 
solution  of  that  salt.  Thus  purihed,  the  double  salt  may  be  again  dis- 
solved in  the  acidulated  Avater,  and  obtained,  by  due  evaporation,  in 
anhydrous  octohedral  crystals.  This  salt  is  black  in  mass,  but  red  in 
powder  ; it  is  insoluble  in  alcohol,  which  throws  down  a brown  or  deep 
red  precipitate  from  its  solutions ; it  is  not  fusible,  nor  decomposed  at  a 
dull  red-heat ; a higher  temperature  converts  it  into  sescjuichloride,  and 
an  intense  heat  into  chlorine  and  metallic  iridium,  Avliich  remains  mixed 
Avith  chloride  of  potassium.  Iridio-hichloridc  of  sodium^  NaCl,IrCl2,  is 
prepared  as  the  preceding,  and  has  the  same  general  properties,  but  it 
includes  Avater  of  crystallization,  and  forms  tabular,  or  quadrangular  pris- 
matic crystals  Avith  dihedral  summits,  =:  NaCl,IrCl2,GHO.  When  a 
solution  of  bichloride  of  iridium  is  mixed  Avith  one  of  sah-ammoniac^  a 
double  salt  is  obtained,  little  soluble  in  Avater,  and  insoluble  in  alcohol, 
and  Avhich,  Avhen  heated,  leaves  pure  iridium ; it  is  of  so  deep  red  a color 
as  to  appear  almost  black,  and  the  slightest  traces  of  it  give  a red  tinge 
to  the  ammonio-chloride  of  platinum ; 1 part  dissolved  in  20  of  Avater 
form  a very  deep  orange-colored  solution;  indeed,  according  to  Yauquelin, 
its  coloring  poAver  is  so  great,  that  1 part  of  it  gives  a decided  tint  to 
40,000  of  Avater.  Ammonia  decolors  this  solution  Avithout  producing  a 
precipitate;  protosulphate  of  iron,  sulphuretted  hydrogen,  and  zinc,  iron, 
and  tin  produce  the  same  effect,  and  chlorine  restores  the  color.  This 
double  salt  consists  of 

Bichloride  of  iridium  1 ....  171  ....  7G 

Chloride  of  ammonium 1 ....  54  ....  24 


Ammonio-bichloride  of  iridium  1 225  100 


Of)  ....  57-0 

72  ....  421 


SuLPiiURETS  OF  Iribium.  AYheii  the  respective  chlorides  of  iridium 
are  decomposed  by  sulphuretted  hydrogen,  a series  of  sulphurets  cor- 
responding Avith  the  chlorides  appear  to  be  formed ; they  are  of  a deep 
broAvn,  and  resemble  the  sulphurets  of  platinum,  rhodium,  and  palladium: 
they  are  soluble  in  potassa  and  in  carbonate  of  potassa,  and  in  alkaline 
sulphurets.  AYhen  equal  parts  of  sulphur  and  of  the  preceding  ammonio- 
bichloride  are  heated  together,  a bisulphuret  is  obtained,  composed  of 

Iridium  1 >...  flfl  75'57 

Sulphur  2 ....  32  ....  24*43 

Bisulphuret  of  iridium  ....  1 131  lOO’OO 

VoL.  II. ' 4 B 
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Sulphates  of  Iridium.  When  the  sulphurets  prepared  by  precipi- 
tation are  digested,  whilst  moist,  in  cold  nitric  acid,  they  are  converted 
into  sulphates  of  iridium,  the  solutions  of  which  are  dark-green,  brown,  or 
orange,  according  as  they  contain  the  protoxide,  sesquioxide,  or  binoxide. 

Phosphuret  of  Iridium  is  obtained  by  heating  the  metal  in  the 
vapor  of  phosphorus ; a compound  resembling  iridium  in  appearance  is 
formed,  which  burns,  when  heated  red-hot,  in  the  air,  and  is  converted 
into  iridium,  and  phosphate  of  oxide  of  iridium. 

Carburet  of  Iridium.  When  iridium  is  immerged  in  the  flame  of 
alcohol,  black  excrescences  of  carburet  form  upon  it,  which,  burned  in  the 
air,  leave  pure  iridium,  so  that,  as  soon  as  it  is  formed  by  the  above  pro- 
cess, it  must  be  immediately  dropped  into  water  on  withdrawing  it  from 
the  flame ; its  composition  appears  to  be 


Berzelius. 

Iridium  1 ....  99  ....  80*49  ....  80*2 

Carbon 4 24  ....  19*51  ....  19*8 


Carburet  of  iridium  1 123  100*00  100*0 


Alloys  of  Iridium.  These  require  a very  high  heat  for  their  forma- 
tion; the  ductile  metals  may  be  combined  with  a considerable  proportion 
of  iridium  without  loss  of  ductility.  The  greater  number  of  these 
alloys,  when  digested  in  nitric  acid,  leave  a pulverulent  residue  of  iri- 
dium; nitrohydrochloric  acid  dissolves  them  when  the  proportion  of 
iridium  is  not  very  considerable.  The  native  alloy  of  iridium  and  osmium 
forms  small  crystals  of  much  lustre,  harder  than  steel,  and  as  refractory 
as  iridium ; they  fuse,  however,  as  well  as  iridium,  in  the  arc  of  flame 
between  the  charcoal  points  of  a powerful  voltaic  battery.  (Daniell.) 
The  density  of  these  grains  is  18*64. 

In  consequence  of  the  extreme  infusibility  of  iridium,  and  of  the 
native  alloy  of  iridium  and  osmium,  grains  of  these  substances  are  some- 
times diffused  through  the  ingots  of  gold  which  are  cast  from  the  native 
gold  of  those  parts  of  America  and  Asia  whence  platinum  and  its 
associates  are  derived ; and  as  at  the  temperature  at  which  gold  fuses 
these  grains  have  no  tendency  to  combine  with  that  metal,  they  remain 
diffused  through  it  after  a number  of  successive  fusions,  but  are  generally 
in  such  small  quantity  as  to  elude  observation.  In  our  coined  gold 
monies,  however,  it  occasionally  happens  that  one  or  more  of  these 
grains  of  the  white  metal  may  be  discerned ; and  where  very  large  quan- 
tities of  gold  are  melted,  if  there  be  any  of  these  grains  present,  they 
will  have  a tendency,  in  consequence  of  their  specific  gravity  as  com- 
pared with  standard  gold  (being  as  about  18  to  17),  to  sink  to  the 
bottom  of  the  crucible,  so  that  in  great  gold  coinages  at  the  Mint  it  has 
occasionally  happened  that  several  ounces  of  the  ore  of  iridium  have  been 
thus  accumulated. 

Salts  of  Iridium.  These  salts  have  not  been  minutely  examined; 
those  obtained  by  dissolving  the  hydrated  protoxide  are  generally  green 
and  uncrystallizable.  The  sulphate  of  the  binoxide  of  iridium  is  yellow, 
uncrystallizable,  and  soluble  in  water  and  alcohol,  forming  an  orange- 
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colored  solution  not  precipitated  by  the  alkalis,  but  wliicli  gives,  'with 
chloride  of  barium,  a precipitate  of  sulphate  of  baryta,  colored  brown 
by  the  binoxide. 


§ XXXYIIL  GLUCINUM.  G.  5. 

Glucinum,  Glycium,  or  Berillium,  was  first  obtained  in  1828,  by 
Wohler,  by  the  action  of  potassium  on  chloride  of  ghicimim.  Flattened 
globules  of  potassium  are  stratified  with  alternating  layers  of  chloride  of 
glucinum  in  a small  platinum  crucible  the  cover  of  which  is  bound  on  by 
wire ; it  is  then  heated  over  a spirit-lamp,  when  a sudden  and  violent 
action  ensues,  attended  by  the  evolution  of  so  much  heat  as  to  render  the 
crucible  white-hot.  Sodium  effects  the  decomposition  as  Avell  as  potas- 
sium, and  is  cheaper,  but  in  either  case  care  should  be  taken  to  use  as 
far  as  possible  equivalent  proportions ; at  all  events  the  alkaline  metal 
should  not  prevail.  When  the  crucible  has  become  cold,  the  cover  is 
removed,  and  it  is  put  into  a glass  of  water,  Avhich  dissolves  the  fused 
chloride  of  potassium  or  sodium,  and  leaves  the  glucinum  in  a pulverulent 
form,  so  that  it  may  be  collected  upon  a filter,  washed,  and  dried.  Thus 
obtained,  glucinum  is  a grey  substance,  having  a slight  metallic  lustre,  and 
very  difficult  of  fusion.  At  common  temperatures  it  is  not  acted  on  by 
air  or  Avater,  but  when  heated  in  the  air  it  burns  into  glucina : it  burns 
vividly  in  oxygen  gas,  in  chlorine,  and  in  the  vapor  of  iodine  and  bro- 
mine. It  combines,  Avith  the  evolution  of  heat  and  light,  Avith  sulphur, 
phosphorus,  selenium,  and  arsenic.  (Wohler,  Ann.  Ch.  el  Vh..,  1828.) 
The  equivalent  of  glucinum  deduced  from  the  researches  of  AAvdejeAV 
(Poggefid..,  Lvi.  101;  Phil.  Mag.,  October,  1842),  is  as  Ioav  as  4*647; 
Gmelin  adopts  the  number  4*7-  I have  assumed  5 as  the  atomic  weight 
of  this  metal,  Avhich  very  closely  approximates  to  the  analyses  Avhich  Avill 
be  quoted. 

Oxide  of  Glucinum,  or  Glucina,  GO,  Avas  discovered  in  1798,  by 
Yauquelin,  in  the  beryl:  it  also  exists  in  the  emerald  of  Peru,  in  euclase, 
in  the  chrysoheryl,  in  jAienakite,  and  in  a feAV  other  rare  minerals.  It  is 
white,  insipid,  and  insoluble  in  Avater ; it  has  no  action  on  vegetable 
colors ; its  specific  graAntj^  is  2‘97-  If  dissolves,  especially  in  the  state  of 
hydrate,  in  solution  of  caustic  potassa  and  soda,  but  not  in  ammonia,  and  thus 
resembles  alumina,  but  differs  from  yttria.  Again  it  differs  from  alumina, 
but  resembles  yttria,  in  being  soluble,  Avhen  freshly  precipitated,  in  car- 
bonate of  ammonia  ; it  is  much  more  soluble  in  this  solution  than  yttria. 
With  the  acids  it  forms  saline  compounds  of  a SAA^eetish  astringent  taste, 
(hence  the  name,  from  >y\v/cv<^,  sweet.^  From  these  solutions  the 
carbonates  of  potassa  and  soda  throAV  it  doAvn  in  the  foim  of  a bulky 
hydrated  carbonate,  soluble  in  great  excess  of  those  precipitants.  Com- 
mon phosphate  of  soda  occasions  a Avhite  flocculent  precipitate  in  solutions 
of  the  salts  of  glucina;  ferrocyanide  of  jiotassium  at  fiist  pioduces  no 
turbidness,  but  after  a time  the  mixture  becomes  gelatinous.  These  salts 
are  not  precipitated  by  sulphuretted  hydrogen,  nor  by  oxalates,  or  tar- 

trates.  ^ ...  , . 

i.  The  beryl,  or  aquamarine,  is  found  in  primitive^ r^cks  in  many 
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parts  of  the  world,  but  especially  fine  in  Siberia.  It  is  usually  trans- 
parent, and  pale-green  or  blue.  It  crystallizes  in  six-sided  prisms,  ii. 
The  emerald  is  principally  found  in  Peru,  ciystallized  in  regular  six-sided 
prisms,  the  edges  or  angles  of  which  are  sometimes  replaced  by  facets. 
Its  color  is  green,  and  it  is  either  transparent  or  translucent,  iii.  Euclase 
is  a very  rare  crystallized  mineral,  originally  found  in  Peru,  but  has 
since  been  brought,  in  insulated  crystals,  from  the  Brazils,  iv.  Chryso- 
heryl^  or  Cymopliane^  occurs  most  frequently  in  Brazil,  Avhere  it  accom- 
panies topazes  in  alluvial  soil ; it  has  also  been  found  in  Ceylon,  and  in 
Siberia;  it  is  green,  or  yellow-green,  and  in  one  direction  slightly  opales- 
cent; it  occurs  in  rounded  pieces  and  prismatic  crystals.  Specific  gravity 
3‘7.  V.  Phenaliite.  This  mineral  was  discovered  by  Nordenskiold  mixed 
with  emerald  from  the  Uralian  Mountains  ; it  had  been  mistaken  for 
quartz,  hence  the  above  name,  from  (peva^,  deceiver ; it  forms  flat  color- 
less rhomboids. 

These  minerals,  analyzed  by  Vauquelin,  Thomson,  and  Hartwall,  are 
constituted  as  follows : 

Beryl.  Emerald.  Euclase.  Chrysoberyl.  Phenakite. 

Vauquelin.)  (Vauquelin.)  (Vauquelin.)  (Thomson.)  (Hartwall.) 


Silica  fi8  ....  64*5  ....  44*33  ....  — ....  55*14 

Alumina  15  ....  16*0  ....  31*83  ....  76‘75  ....  — 

Glucina  14  ....  13*0  ....  23*84  ....  17-79  ....  44*47 

Oxide  of  chromium  — ....  3*0  ....  — ....  — ....  — 

Oxide  of  iron  1 ....  — ....  — < ....  4*50  ....  — 

Lime  2 ....  1*5  ....  — ....  — ....  — 

Water  and  loss  ....  — ....  2*0  ....  — ....  0*96  ....  0*39 


100  100*0  100*00  100*00  10000 

To  obtain  glucina  from  either  of  these  minerals,  proceed  as  follows  : 
reduce  it  to  a fine  powder,  and  fuse  it  in  a platinum  crucible  with  thrice 
its  weight  of  carbonate  of  potassa ; dissolve  the  fused  mass  in  dilute 
hydrochloric  acid,  and  evaporate  to  dryness,  by  which  the  silica  is  ren- 
dered insoluble  : digest  this  dry  residue  in  water  acidulated  by  hydro- 
chloric acid,  and  add  ammonia,  which  throws  down  a mixture  of  glucina 
and  alumina ; wash  the  precipitate,  and  digest  it  whilst  moist  in  excess 
of  solution  of  carbonate  of  ammonia,  (of  which  a large  cjuantity  is  recj[ui- 
site),  by  which  the  glucina  is  dissolved,  and,  on  filtering,  the  alumina 
remains  behind  ; then  boil  the  filtered  liquid,  and  carbonate  of  glucina  is 
thrown  down,  which,  washed,  dried,  and  heated  to  redness,  affords  pure 
glucina.  Berthier  has  suggested  the  following  modification  of  this  pro- 
cess : he  washes  the  mixed  precipitate  with  ammonia  and  dissolves  it  in 
a cold  solution  of  caustic  potassa,  which  leaves  any  oxide  of  iron  that 
may  be  present ; the  potassa  solution  is  then  saturated  by  hydrochloric 
acid  and  precipitated  by  caustic  ammonia:  this  precipitate  is  then  washed 
and  diffused  in  water  through  which  sulphurous  acid  gas  is  passed  till 
the  whole  is  redissolved ; the  sulphurous  acid  is  then  expelled  by  boiling, 
during  which  basic  sulphite  of  alumina  falls  in  the  form  of  a dense 
powder  which  is  easily  separable;  the  glucina  remains  dissolved  and  may 
be  precipitated  by  ammonia.  Glucina  consists  of 


Awdejew.  Berzelius. 

Ghicinum 1 ....  5 ....  3846  ....  37'0l  ....  36*74 

Oxygen  1 ....  8 ....  61*54  ....  62*99  ....  63*26 


Glucina  1 13  100*00  100*00  100*00 
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Ilydraied  Glucina  falls  on  adding  an  alkali  to  a soluble  salt  of  glucina; 
■sAdien  obtained  by  the  decomposition  of  a solution  of  cbloride  of  glucinum 
by  ammonia  it  resembles  hydrate  of  alumina,  but  it  falls  on  drying  into  a 
white  powder,  which,  \yhen  dried  at  212°,  retains,  according  to  Schaff- 
gotsch,  between  48  and  49  per  cent,  of  w^ater;  it  is  therefore  considered 
as  = 3GO,4IIO. 


Chloride  of  Glucinum.  GCl.  When  glucinum  is  gently  heated 
in  chlorine  it  burns  vividly  and  a crystallized  chloride  sublimes.  When 
a stream  of  chlorine  is  passed  through  a porcelain  or  glass  tube  contain- 
ing a mixture  of  glucina  and  carbon  at  a red  heat,  this  chloride  is  also 
formed  ; it  produces  silky  flakes  and  needles,  or  a fused  crystalline  mass. 
It  h as  already  been  adverted  to  as  the  only  source  of  its  metallic  base. 
It  is  extremely  deliquescent,  and  rapidly  soluble  in  water  Avitli  evolution 
of  heat.  This  solution,  or  glucina  dissolved  in  hydrochloric  acid,  yields 
crystals  which  are  GCl-}-4HO.  (Awdejewl)  AYhen  heated  they  lose 
wvater  and  leave  glucina.  Chloride  of  glucinum  consists  of 


Awdejew. 

Glucinum 1 ....  5 ....  12‘19  ....  11’74 

Chlorine  1 ....  3G  ....  87-81  ....  88-26 


Chloride  of  glucinum  1 41  lOO'OO  100-00 


Iodide  of  Glucinum.  GI.  Glucinum  burns  Avhen  heated  in  the 
vapor  of  iodine,  and  produces  a -white  acicular  sublimate,  fusible  and  very 
volatile,  and  which  evolves  heat  when  dissolved  in  -water.  (Wohler.) 


Bromide  of  Glucinum.  When  glucinum  is  heated  in  bromine 
vapor  it  produces  a very  volatile  compound,  -which  condenses  in  -white 
fusible  acicular  crystals  which  evolve  much  heat  on  solution  in  Avater. 
(Wohler.)  A solution  of  glucina  in  hydrobromic  acid  yields  small  cubic 
crystals,  extremely  deliquescent,  and  -which  give  out  bromine  vapor  -svlien 
heated.  (Berthemot,  Ann.  CJi.  el  Ph.,  xLiv.  394.) 


Fluoride  of  Glucinum.  The  solution  of  glucina  in  hydrofluoric 
acid  leaves  a gumlike  residue  on  evaporation,  which,  at  212  becomes 
inilk-Avhite,  and  loses  -water;  at  a red-heat  it  s-wells  up  like  alum,  and 
begins  to  evolve  acid  : its  aqueous  solution  is  less  sweet  than  the  other 
glucinum  salts,  and  it  forms  double  salts  -with  the  alkalis.  (Berzelius.) 
]\Iixed  wdth  fluoride  of  potassium  it  affords  on  evaporation  small  anhy- 
drous and  diflicultly  soluble  crystals  = KF,GF.  (Aavdejew.) 


Nitrate  of  Glucina  is  not  crystallizable,  it  is  very  deliquescent,  and 
soluble  in  alcohol.  (Vauquelin.) 


SuLPiiURET  OF  Glucinum.  Glucinum  burns  brilliantly  in  sulphur 
vapor,  forming  a grey  compound  difficultly  soluble  in  water,  and  e\olving 
sulphuretted  hydrogen  wdth  acids.  (A  ohler.) 


Sulphite  of  GlucIxNA.  Glucina  dissolves  in  aqueous  sulphuious 
acid,  and  affords  no  precipitate  when  the  solution  is  boiled  this  is^dis- 
tinctive  between  it  and  alumina.  (Berthilr,  Ann.  Ch.  et  Fh.,  l.  3/L) 
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Sulphate  of  Glucina.  G0,S03.  When  glucina  is  dissolved  in 
excess  of  sulphuric  acid,  evaporated  till  acid  begins  to  escape,  and  then 
alcohol  added,  a crystalline  powder  separates,  the  solution  of  which  in  hot 
water  deposits  octohedral  crystals  = G0,S03,4H0 ; at  a red- heat  they 
lose  water  and  acid  and  leave  pure,  but  difficultly' soluble  glucina.  The 
aqueous  solution  of  this  sulphate  dissolves  recently  precipitated  carbo- 
nate of  glucina,  and  deposits  a siibsulphate,  being,  according  to  AAvdejew, 
rrr  6G0,S03,3H0 ; after  evaporation  to  dryness  the  residue  is  separated 
by  the  action  of  water  into  an  insoluble  tribasic,  and  a soluble  hibasic 
sulphate.  (Berzelius.  Awdejew.) 

PnosPHURET  OF  Glucinum.  Gluciiium  burns  in  the  vapor  of  phos- 
phorus as  in  that  of  sulphur,  and  produces  a grey  pulverulent  phosphuret, 
which  disengages  phosphuretted  hydrogen  in  water.  (Wohler.) 

Hypophosphite  of  Glucina  remains  in  the  form  of  an  uncrystal- 
lizahle  gumlike  mass  on  evaporating  in  vacuo  a saturated  solution  of 
hydrated  glucina  in  cold  hypophosphorous  acid.  (H.  Pose,  Poggend.^ 
xii.  86.) 

Phosphite  of  Glucina.  Phosphite  of  ammonia  gives  a Avhite  preci- 
pitate with  a solution  of  chloride  of  glucinum:  when  dried  and  heated  in 
a retort,  it  evolves  hydrogen,  and  becomes  incandescent.  (H.  Pose, 
Poggend.^  ix.  40.) 

Phosphate  of  Glucina  is  precipitated  in  a gelatinous  form  when 
phosphate  of  soda  is  added  to  solution  of  chloride  of  glucinum:  it  fuses 
into  a transparent  glass : it  is  insoluble  in  water,  but  soluble  in  dilute 
acids.  (Yauquelin.) 

Seleniuret  of  Glucinum  is  formed  as  the  sulphuret,  and  wdth  the 
same  phenomena:  it  is  a grey  crystalline  compound.  (Wohler.) 

Selenite  of  Glucina  is  a white  insoluble  powder:  the  biselenite  is 
soluble  and  uncrystallizable.  (Berzelius.) 

Carbonate  of  Glucina  falls  in  the  form  of  a bulky  flocculent  preci- 
pitate, which  is  light  and  soft  when  dried;  it  is  easily  decomposed  by 
heat.  It  is  not  sensibly  soluble  in  aqueous  carbonic  acid,  but  soluble 
in  solutions  of  the  carbonated  alkalis.  According  to  Yauquelin  hydrated 
glucina  attracts  carbonic  acid  from  the  atmosphere.  The  formula  of  the 
above  precipitate  given  by  Schaffgotsch  is  5G0,C02,5H0. 

Characters  of  the  Salts  of  Glucina.  These  salts  are  astringent 
and  sweet:  they  are  precipitated  by  the  caustic  fixed  alkalis,  and  the  pre- 
cipitate is  redissolved  by  their  excess,  and  sparingly  by  their  carbonates  : 
it  is  not  soluble  in  caustic  ammonia,  but  readily  so  in  carbonate  of 
ammonia.  A characteristic  property  of  glucina  is,  that  when  a warm 
solution  is  mixed  with  a warm  solution  of  fluoride  of  potassium  till  a 
precipitate  begins  to  appear,  and  the  mixture  then  suffered  to  cool,  a 
difficultly-soluble  double  salt  separates  in  the  form  of  lamellar  crystals. 
(Berzelius.)  Sulphate  of  glucina  does  not  form  a crystallizable  double 
salt  when  mixed  with  sulphate  of  potassa. 


ZIRCONIUM. 
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§ XXXIX.  ZIRCONIUM.  Zr.  23. 

Sill  H.  Davy  first  demonstrated  the  nature  of  Zircoiiia^  and  its 
metallic  base  was  obtained  by  Berzelius  in  1824  by  acting  upon  the 
potassio-fluoride  of  zirconium  by  potassium:  he  proceeded  as  follows;  the 
potassio-fluoride  was  well  dried  and  introduced  in  alternating  portions 
with  the  potassium  into  an  iron  or  glass  tube;  this  was  then  heated  so  as 
to  fuse  its  contents  which  were  stirred  together  by  a steel  wire,  and  then 
the  temperature  Avas  raised  to  redness;  under  these  circumstances  fluoride 
of  potassium  is  produced  and  zirconium  set  free,  the  reduction  taking 
place  Avithout  noise  or  explosion:  Avhen  cold  the  product  is  throAvn  into 
Avater,  and  the  zirconium  separates  in  the  form  of  a black  poAA^der,  having 
the  appearance  of  plumbago,  and  not  apparently  conducting  electricity. 
It  is  ditficultly-soluble  in  the  acids,  Avith  the  exception  of  the  hydro- 
fluoric, AA’-hich  readily  dissolves  it,  evolving  hydrogen.  Heated  in  the 
atmosphere,  it  burns  into  zirconia.  Its  equivalent,  deduced  from  the 
analyses  of  Berzelius,  is  about  23,  if  zirconia  be  regarded  as  a protoxide. 
(22'4  Gmelin;  33'67  Graham,  Avho,  hoAvever,  assumes  Zirconia  to  be 
Zr2  03.) 

Oxide  of  Zirconium.  Zirconia.  ZrO,  Avas  discovered  in  1789  by 
Klaproth : it  is  of  rare  occurrence,  having  only  been  found  in  the  Zircon 
or  Jargon  (Avhence  the  name  of  this  earth)  and  in  Eudialite,  Avhich  are 
silicates  of  zirconia;  in  Mschynite  and.  polymignite^  Avhich  contain  tita- 
niate  of  zirconia;  and  in  Sillimanite^  which  is  a silicate  of  alumina  and 
zirconia.  The  zircon  is  found  in  Ceylon,  and  occurs  in  some  sienitic 
rocks:  Avhen  colorless  and  transparent,  it  ranks  among  the  gems:  AAhen 
colored  broAvn  or  red,  it  is  termed  hyacinth  or  jacinth.,  Avhich  also  occurs 
in  Ceylon,  and  is  found  in  small  crystals  in  the  sand  of  the  rivers  of  that 
island;  also  near  Pisa  in  Italy;  in  Brazil;  and  abundantly  in  the  sands 
of  the  brook  of  Expailly  in  France  (Dep.  Haute  Loire).  This  mineral 
contains  betAveen  60  and  70  per  cent,  of  zirconia  combined  Avith  silica 
and  a little  oxide  of  iron.  Zirconia  is  obtained  by  the  folloAving  pro- 
cesses: (1)  Reduce  the  colorless  zircons  to  a fine  poAvder,  having  pre- 
viously heated  them  to  redness,  and  quenched  them  in  Avater.  Mix  the 
poAvder  Avith  nine  times  its  Aveight  of  hydrated  potassa,  and  gradually  pro- 
ject it  into  a red-hot  silver  crucible,  and  keep  it  in  perfect  fusion  for  two 
hours.  When  the  crucible  has  cooled,  reduce  the  mass  to  a fine  powder, 
and  boil  it  in  distilled  Avater.  Boil  the  undissolved  residue  in  hydro 
chloric  acid;  filter,  and  evaporate  to  dryness;  redissolve  the  dry  mass 
in  distilled  water,  and  precipitate  by  carbonate  of  soda.^  The  carbonate 
of  zirconia  which  falls  may  be  decomposed  by  heat.  (Klaproth.)  ( ) 
The  following  method  of  obtaining  pure  zirconia  is  recommended  by 
Dubois  and  Silveira.  {Ann.  de  Ch.  et  Fh.,  xiv.  110.)  Powder  the  zircons 
very  fine,  mix  them  with  2 parts  of  hydrated  potassa,  and  heat  them  red- 
hot  in  a silver  crucible  for  an  hour.  Ireat  the  substance  o tame 
distilled  Avater,  pour  it  on  a filter,  and  Avash  the  insoluble  part  aac  , i 
will  be  a compound  of  zirconia,  silica,  potassa,  and  oxide  ot  iron.  IJis- 
solve  it  in  hydrochloric  acid,  and  evaporate  to  dryness,  to  sepaiate  e 
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silica.  Rcdlssolve  the  salts  of  zirconin,  potassa,  and  iron  in  water;  and  to 
separate  the  zirconia  which  adheres  to  the  silica,  wash  it  Avlth  weak 
hydrochloric  acid,  and  add  the  washings  to  the  solution.  Filter  the  fluid, 
and  precipitate  the  zirconia  and  iron  by  pure  ammonia;  wash  the  pre- 
cipitate and  treat  it  with  a boiling  solution  of  oxalic  acid,  which  retains 
the  iron,  whilst  an  insoluble  oxalate  of  zirconia  is  formed.  Filter,  and 
wash  the  remaining  oxalate  till  no  iron  can  be  detected  in  the  Avashings. 
The  oxalate  of  zirconia,  when  dry,  is  of  an  opaline  color;  after  being  AA'ell 
washed,  it  is  to  be  decomposed  by  heat  in  a platinum  crucible.  Thus 
obtained,  the  zirconia  is  perfectly  pure,  but  is  not  aftected  by  acids.  It 
must  be  re-acted  on  by  potassa  as  before,  and  then  washed  until  the  alkali 
is  remoA^ed.  Afterwards  dissolve  it  in  hydrochloric  acid,  and  precipitate 
by  ammonia.  The  hydrate  throAvn  doAvn,  when  Avell  Avashed,  is  perfectly 
pure,  and  easily  soluble  in  acids.  (8)  According  to  Wohler,  zirconia  is 
best  obtained  as  folloAvs:  I part  of  finely  pulverized  zircons  is  mixed  Avith 
4 parts  of  anhydrous  carbonate  of  soda  and  put  into  a platinum  crucible, 
Avhich  is  placed  in  an  earthen  crucible  Avith  a little  magnesia  betAA^een 
them,  by  Avhich  any  injury  to  the  platinum  is  prevented:  the  crucibles 
thus  arranged,  and  covered,  are  heated  to  AAdiiteness  for  half  an  hour  in  a 
Avind-furnace,  Avhen  the  contents  of  the  platinum  crucible  are  fused:  on 
cooling,  Avater  is  added,  Avhicli  abstracts  carbonate  and  silicate  of  soda, 
and  leaves  a crystalline  poAvder,  AAdiich,  according  to  Scherer,  is  a com- 
pound of  zirconia  and  soda;  this  is  to  be  Avashed  and  moistened  Avith 
hydrochloric  acid,  Avhich  decomposes  it  Avith  heat,  and  renders  it  soluble 
in  Avater;  from  this  solution,  ammonia  throAVS  doAvn  pure  hydrated  zir- 
conia. {Berzelius  Lehrhuch^  ii.  184.) 

When  pure  and  colorless  hyacinths  or  zircons  liaA^e  been  used,  and 
those  selected  Avhich  remain  colorless  after  having  been  heated  red-hot, 
the  zirconia  is  obtained  from  them  free  from  iron;  but  the  common 
zircons  and  hyacinths  yield  the  earth  contaminated  by  oxide  of  iron,  for 
the  separation  of  Avhich  several  especial  processes  have  been  suggested. 
(See  Berzelius.)  Among  them  the  folloAving,  by  Berthier,  may  be  selected: 
the  solution  of  ferriferous  zirconia  is  either  precipitated  by  a mixture  of 
ammonia  with  a little  hydrosulphuret  of  ammonia,  or  the  lic^uid  is  first 
saturated  with  sulphuretted  hydrogen,  and  then  precipitated  by  ammonia 
and  put  into  a stopped  bottle  till  clear,  taking  care  that  there  is  sulphuret 
of  ammonium  in  excess:  it  is  then  syphoned  or  poured  off  from  the 
black  precipitate,  which  is  a mixture  of  zirconia  and  sulphuret  of  iron; 
this  is  treated  with  excess  of  aqueous  sulphurous  acid,  Avhich  immediately 
dissolves  the  sulphuret  of  iron,  and  leaves  the  pure  and  Avhite  zirconia: 
a portion  of  zirconia  is  also  taken  up,  Avhich  hoAvever  falls  free  from  iron, 
on  boiling  the  sulphurous  solution:  Avhen  zirconia  is  free  from  iron,  it  is 
not  discolored  by  hydrosulphuret  of  ammonia. 

Pure  zirconia  is  a Avliite  infusible  substance,  insoluble  in  AA^ater,  specific 
gravity  4*3:  it  gives  intense  luminosity  to  the  bloAv-pipe  flame.  After 
having  been  heated  to  redness  it  scratches  glass  and  resists  the  action  of 
the  acids,  Avith  the  exception  of  the  sulphuric;  according  to  Berzelius,  the 
best  method  of  rendering  it  again  soluble  consists  in  mixing  it  in  fine 
poAvder  with  sulphuric  acid  diluted  Avith  its  Aveight  of  Avater,  and  heating 
the  Avhole  in  a platinum  crucible  till  the  excess  of  acid  is  evaporated,  but  not 
to  redness:  the  sulphate  of  zirconia  thus  obtained  is  soluble  in  hot  Avater. 
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From  this  solution,  hjidralc  of  zirconia  is  tliroum  doum  hy  caustic  am- 
monia, in  the  form  of  a bulky  gelatinous  precipitate,  which  if  dried,  or 
even  washed  with  boiling  water,  loses  its  easy  solubility  in  acids;  when 
exposed  to  a red-heat  it  becomes  remarkably  luminous  after  it  has  lost 
its  water:  it  appears  to  he  sparingly  soluble  in  the  alkaline  carbonates, 
and  consists  of  2 atoms  of  zirconia  and  1 of  water.  Zirconia  is  com- 


posed of 

Berzelius. 

Zirconium  1 ....  23  ....  7‘1‘2  ....  73-G!) 

Oxygen  1 ....  8 ....  25-8  ....  2«-31 


Zirconia  1 31  100*0  100*00 


Chloride  of  Zirconium,  ZrCl,  is  obtained  in  the  form  of  a white  fixed 
compound,  by  heating  zirconium  in  chlorine.  (Berzelius.)  Wohler 
obtained  chloride  of  zirconium  by  passing  a stream  of  chlorine  over  an 
intimate  mixture  of  zirconia  and  carbon,  obtained  by  burning  a mixture 
of  zirconia  and  sugar:  it  formed  a Avhite  sublimate:  he  recommends  this 
as  a preliminary  process  for  obtaining  zirconia  free  from  silica,  for  the 
chloride  of  silicium  goes  off  in  the  gaseous  form.  Hydrated  zirconia  dis- 
solves readily  in  hydrochloric  acid,  and  the  solution  yields,  on  evapora- 
tion, small  acicular  silky  crystals  of  hydrated  chloride^  soluble  in  water  and 
in  alcohol,  but  only  sparingly  soluble  in  hydrochloric  acid.  The  anhydrous 
chloride  cannot  he  obtained  pure  by  heating  this  hydrate,  for  in  that  case 
it  loses  half  its  chlorine  in  the  form  of  hydrochloric  acid,  whilst  half  the 
zirconium  becomes  zirconia.  (Berzelius.) 

Bromide  of  Zirconium.  The  solution  of  hydrated  zirconia  in  hydro- 
bromic  acid  yields  with  difficulty  small  granular  crystals  of  a slightly 
astringent  taste : 'when  heated  they  are  resolved  into  zirconia  and  hydro- 
bromic  acid.  (Bertiiemot,  Ann.  CJi.  el  Ph..^  xLiv.  393.) 

Fluoride  of  Zirconium.  Zirconia  dissolves  readily  in  hydrofluoric 
acid,  and  yields,  by  slow  evaporation,  a crystallized  salt,  'which,  by  the 
action  of  water,  is  resolved  into  a basic  and  an  acid  salt.  When  solution 
of  fluoride  of  potassium  is  added  to  excess  of  fluoride  of  zirconium,  the 
solution  yields,  on  evaporation,  small  granular  crystals,  sparingly  soluble 
in  cold  Avater,  of  'potassiqfiiioridc  of  zirconinm^  consisting,  according  to 
Berzelius,  of 

Potassium  1 

Zirconium  2 

Fluorine 3 

Potassiofluoride  of  zirconium  1 

When  solution  of  fluoride  of  zirconium  is  dropped  into  excess  of 
fluoride  of  potassium,  an  analogous  triple  compound  is  formed,  containing 
2 atoms  of  potassium,  3 of  zirconium,  and  5 of  fluorine,  (Berzelius.) 

Nitrate  of  Zirconia  is  a very  soluble  and  uncrystallizable  com- 
pound: its  solution  dissolves  hydrate  of  zirconia,  and  it  is  only  imper- 
fectly decomposed  by  the  addition  of  alkalis. 


40  ....  27*97 
40  ....  32*17 

57  ....  39*80 


143  100*00 
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SuLPHURET  OP  Zirconium  is  formed  by  beating  sulphur  and  zirconium 
in  an  exhausted  vessel,  or  in  an  atmosphere  of  hydrogen;  in  the  latter 
case  light  is  emitted,  and  a pulverulent  brown  sulphuret  formed.  It  is 
insoluble  in  nitric,  hydrochloric,  and  sulphuric  acid,  feebly  acted  on  by 
nitrohydrochloric  acid,  but  dissolved  and  decomposed  by  hydrofluoric 
acid.  (Berzelius.) 

Sulphite  of  Zirconia  falls  as  a basic  salt  when  solutions  of  sulphite 
of  ammonia  and  chloride  of  zirconium  are  mixed:  the  precipitate  is 
soluble  in  excess  of  sulphite  of  ammonia,  and  this  solution  is  not  preci- 
pitated by  potassa;  when  the  solution  of  the  ammonio-sulphite  is  boiled, 
hydrated  zirconia  falls.  (Berthier.  Berzelius.) 

Sulphate  of  Zirconia.  Zr0,S03.  This  salt  is  formed  by  digesting 
zirconia  with  sulphuric  acid  and  a little  water;  the  mixture  must  be 
boiled  to  dryness,  and  ultimately  heated  nearly  to  redness;  the  remaining 
sulphate  is  readily  soluble  in  boiling  water,  and  yields,  on  evaporation,  a 
gum-like  mass,  with  no  traces  of  crystallization ; but  if  it  be  redissolved 
in  sulphuric  acid,  the  solution  yields  crystals  which  are  still  a neutral  sul- 
phate, and  which  may  be  freed  from  adhering  acid  by  washing  with  alco- 
hol; they  contain  water  of  crystallization.  Ammonia  throws  down  pure 
zirconia,  free  from  sulphuric  acid,  from  the  solution  of  this  sulphate: 
alcohol  throws  down  a precipitate  which,  when  well  washed  with  alcohol, 
is  a tribasic  sulphate  — 3Zr0,S03.  By  saturating  the  concentrated  solu- 
tion of  the  neutral  sulphate  wuth  hydrate  of  zirconia,  an  uncrystallizable 
hihasic  sulphate  may  be  obtained  = 2Zr0,S03.  (Berzelius.)  The  neu- 
tral sulphate  consists  of 

Berzelius. 

Zirconia 1 ....  31  ....  43-66  ....  43-13 

Sulphuric  acid  1 ....  40  ....  56-34  ....  56-87 

Sulphate  of  zirconia 1 71  100-00  100-00 

Ammonio-sulphate  of  Zirconia  is  precipitated  on  mixing  a concen- 
trated neutral  solution  of  zirconia  with  sulphate  of  ammonia;  it  is  soluble 
in  water  and  in  acids:  its  formation  does  not  always  succeed,  and  it  is 
often  immediately  redissolved.  (Berzelius.) 

PoTASsio  SULPHATE  OF  ZiRCONiA.  When  a solution  of  a salt  of  zir- 
conia is  mixed  with  solution  of  sulphate  of  potassa,  zirconia  is  precipi- 
pitated:  when  sulphate  of  potassa  is  added,  so  as  to  saturate  the  liquor, 
the  greater  part  of  the  zirconia  falls,  and  the  whole  of  it  is  thrown  down 
on  accurately  neutralizing  the  acid  of  the  liquor  with  potassa.  This  pre- 
cipitate is  partly  soluble  in  pure  water,  and  when  washed  the  washings 
become  turbid  on  dropping  into  the  liquor  which  has  run  through ; if  the 
mixed  liquor  be  boiled,  a part  of  the  precipitate  dissolves  in  the  free  acid 
and  falls  again  as  it  cools : but  the  undissolved  portion  has  suffered  a 
change  which  has  not  only  rendered  it  insoluble  in  water,  but  also  in 
sulphuric,  nitric,  and  hydrochloric  acids;  it  suffers  a similar  change  by 
wmshing  with  boiling  Avater.  This  insoluble  compound  is  a basic  salt, 
which  contains  six  times  the  quantity  of  base  contained  in  the  neutral 
salt,  combined  Avith  so  small  a quantity  of  potassa  that  one  would  regard 
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it  as  immaterial  if  the  same  precipitate  'vvere  occasioned  by  sulphate  of 
soda,  which,  however,  is  not  the  case.  It  is  soluble  in  hicarhonate  of 
ammonia,  hut  again  thrown  down  by  boiling,  retaining  its  insolubility  in 
acids.  This  condition  of  insolubility  shows  that  tlie  zirconia  has  passed 
into  that  modification  of  the  earth  wliich  is  produced  by  sulphate  of 
potassa,  but  not  by  sulphate  of  soda;  to  render  it  again  soluble,  it  must 
be  boiled  or  fused  with  caustic  potassa  and  well  washed,  when  pure 
hydrate  will  remain.  When  zirconia  is  fused  with  hisulphate  of  potassa, 
a double  salt  is  formed,  wdiich  is  perfectly  transparent  whilst  in  its 
fused  state:  water  dissolves  hisulphate  of  potassa  out  of  it,  and  leaves 
the  difficultly  soluble  salt  just  noticed:  when  there  is  great  excess  of  the 
acid  salt,  the  fused  product  is  wholly  soluble  in  w^ater.  This  property  of 
zirconia  of  being  thrown  down  by  sulphate  of  potassa,  is  applicable  to  the 
freeing  of  the  earth  from  iron  and  other  foreign  bodies.  (Berzelius.) 

PiiospnATE,  Selenite,  and  Carbonate  or  Zirconia  are  white  insoluble 
salts:  the  carbonate  falls  in  the  state  of  hydrate,  and  is  easily  decomposed 
by  heat. 

Characters  of  the  Salts  of  Zirconia.  These  salts  have  an  astrin- 
gent taste;  they  are  precipitated  by  caustic  potassa,  and  the  precipitate  is 
not  soluble  in  excess  of  the  alkali.  When  boiled  with  sulphate  of  potassa 
a subsalt  of  zirconia  subsides,  the  peculiarities  of  which,  as  stated  by  Ber- 
zelius, are  above  described.  Infusion  of  galls  produces  in  them  a yellow 
precipitate,  and  phosphate  of  soda  throws  down  a white  phosphate  of  zir- 
conia. The  recently- precipitated  carbonate  of  zirconia  is  soluble  in  excess 
of  bicarbonate  of  ammonia,  or  of  potassa.  (See  Hermann,  on  the  Salts 
of  Zirconia.  Ch.  Gaz.,  Hay,  1844.) 

§ XL.  YTTRIUM.  Y.  32. 

In  1/94  Professor  Gadolin  discovered  a new  earth  in  a mineral  from 
the  quarry  of  Ytterby,  in  Sweden,  to  which  Ekeberg,  in  1797,  g^we  the 
name  of  Yltria.  The  mineral  has  since  been  termed  Gadolin  it e.  It  is 
composed  of  yttria,  silica,  and  the  oxides  of  iron  and  cerium.  Ytfria  has 
been  found  also  to  form  about  one-fifth  of  the  weight  yttrotantalite,  and 
about  one-twelfth  of  that  of  yitrocerite;  and  it  occurs  in  the  minerals 
termed  Orthiie  imdPyrorthite,  and  in  the  Jluoride  and  phosphate  of  yttrium. 
(See  CoLUMBiuM.) 

The  following  is  Yauquelins  process  for  obtaining  yttria.  {Ann.  de 
Ch.,  xxxvi.  150.)  Fuse  pulverized  Gadolinite  with  twice  its  Aveight 
of  potassa;  wash  the  mass  Avith  boiling  distilled  Avater,  and  filter.  Ihe 
filtered  solution,  AAdiich  has  a beautiful  green  color,  yields,  during  evapo- 
ration, a black  precipitate  of  oxide  of  manganese.  hen  this  has  ceased 
to  appear,  alloAv  the  liquor  to  stand;  decant  the  clear  part,  and  saturate 
Avith  nitric  acid.  Let  the  insoluble  part  be  also  digested  Avith  extremely 
dilute  nitric  acid,  Avhich  Avill  take  up  the  soluble  earths  only,  and  Avill 
leave  undissolved  the  silica  and  oxide  of  iron.  Let  the  tAvo  portions  be 
mingled  together,  and  evaporated  to  dryness;  then  redissoh'ed  and  fil- 
tered; by  which  means  any  remains  of  silica  and  oxide  of  iron  are  sepa- 
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rated.  To  obtain  the  yttria  from  the  nitric  solution,  it  would  be  sufficient, 
if  no  other  earth  were  present,  to  precipitate  it  by  carbonate  of  ammonia; 
but  small  portions  of  lime,  and  of  oxide  of  manganese,  are  still  present 
along  Avith  it.  The  first  is  separated  by  a few  drops  of  carbonate  of 
potassa;  and  the  manganese,  by  the  cautious  addition  of  hydrosulphuret 
of  potassa.  The  yttria  is  then  to  be  precipitated  by  pure  ammonia, 
Avashed  abundantly  Avith  AA^ater,  and  dried.  It  amounts  to  about  35, 
or,  according  to  Berzelius,  45  per  cent,  of  the  Aveight  of  the  stone. 

Berzelius  obtains  yttria  as  follows:  Gadolinite  in  fine  powder  is  dis- 
solved in  nitrohydrochloric  acid,  and  the  solution  decanted  from  the  depo- 
sited silica:  crystals  of  sulphate  of  potassa  are  then  added  to  it,  and  it  is 
left  for  24  hours:  in  proportion  as  the  fluid  becomes  saturated  by  the  sul- 
phate, a Avhite  or  yellowish  powder  falls,  AA'hich  is  a double  sulphate  of 
potassa  and  protoxide  of  cerium:  this  is  separated,  and  the  clear  solution 
neutralized  by  caustic  ammonia,  and  the  oxide  of  iron  thrown  doAvn  by 
succinate  of  ammonia.  The  precipitate  is  separated  by  filtration,  and  the 
clear  liquid  precipitated  by  caustic  ammonia,  by  Avhicli  jdtria  (Avith  a little 
oxide  of  manganese)  is  thrown  doAAui:  the  oxide  of  manganese  may  be 
separated  by  digesting  this  precipitate  in  a solution  of  carbonate  of  ammo- 
nia, filtering,  and  boiling,  by  Avhich  carbonate  of  yttria  separates:  this, 
being  dried  and  heated  to  redness,  leaves  yttria. 

Wohler  obtained  yttrium  in  1828  by  acting  upon  chloride  of  yttrium  by 
potassium,  as  in  the  process  for  the  decomposition  of  zirconia;  on  Avashing 
the  residue  of  this  action,  the  yttrium  remains  in  the  form  of  grey  metallic 
scales,  brittle,  and  resisting  the  action  of  air  and  Avater : when  heated  in 
air  or  oxygen  it  burns  brilliantly  into  yttria,  Avhich  shoAVS  slight  marks  of 
fusion;  it  readily  dissolves  in  dilute  acids,  and  sloAvly  in  solution  of  po- 
tassa, but  not  in  ammonia:  it  combines  Avith  sulphur,  selenium,  and  phos- 
phorus. (Pogge7id.,  xiii.  580,  and  Phil.  Mag.  and  Ann,.,  v.  393.) 

It  Avould  appear  from  the  experiments  of  Mosander  that  the  substance 
hitherto  supposed  to  be  pure  yttria  is  a mixture  of  that  oxide  Avith  tAvo 
others,  to  the  bases  of  Avhich  he  has  given  the  names  Erbium  and  Ter- 
bium (derived  by  alliteration  from  the  Avord  Yttei'by).  The  Avhole  of  this 
investigation  is  at  present  so  imperfect,  that  it  is  impossible  accurately  to 
define  the  separate  characters  of  the  three  oxides,  or  to  understand  Iioav 
far  lantanum  or  didymium  (see  Cerium,  p.  904)  may  be  connected  Avith 
them,  so  that  Avhat  folloAvs  must  be  considered  as  descriptive  of  the  sub- 
stance obtained  under  the  name  of  yttria  by  the  processes  above  mentioned. 
{Phil.  Mag.,  Oct.  1843.  Berzelius  Lehrbuch,  ii.  173.) 

The  atomic  Aveight  usually  assigned  to  yttrium  is  32:  a number 
founded  upon  the  analyses  of  certain  of  its  compounds  by  Berzelius,  and 
by  Berlin.  {Poggend.,  xLiii.  105.) 

Oxide  of  Yttrium.  YO.  Yttria  is  insipid,  Avhlte,  and  Avithout 
action  on  vegetable  colors.  Its  specific  gravity  = 4-842.  It  is  insoluble 
in  Avater,  but  very  retentive  of  it;  insoluble  in  pure  alkalis,  but  soluble 
in  carbonated  alkalis.  In  carbonate  of  ammonia  it  is  much  less  soluble 
than  glucina.  It  forms  salts  Avhich  have  a SAveetish  austere  taste,  and  Avhicli 
have  been  little  examined.  They  are  decomposed  by  the  pure  alkalis, 
and  by  lime  and  baryta.  Oxalic  acid  and  oxalate  of  ammonia  throAV  doAvn 
a Avhite  bulky  precipitate  from  the  solutions  of  yttria,  soluble  in  hydro- 
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c''i]oric  acid.  lun-rocvaiiidG  of  potassium  occasions  in  tlicin  a wliite  or 
gi^iaulai  piecipitate  of  ferrocyanide  of  yttrium;  phosphate  of  soda,  a 
■\\hite  gelatinous  one;  and  tincture  of  galls  throws  down  brown  flocculi. 
Yttria  consists  of 


Berzelius. 

Yttrium 1 ....  32  ....  80  ....  80-1 

Oxygen 1 ....  8 ....  20  ....  lO’O 


Yttria  1 40  100  lOO'O 

Chloride  op  \ttrium  is  very  soluble  and  deliquescent.  AVhen 
yttrium  is  heated  in  chlorine  it  burns  brilliantly,  and  the  resulting 
chloride  sublimes  in  white  acicular  crystals.  This  chloride  Avas  obtained 
by  Y older  by  passing  dry  chlorine  over  an  intimate  mixture  of  charcoal 
and  yttria  in  a glass  of  porcelain  tube  heated  to  redness.  The  solution  of 
yttria  in  hydrochloric  acid  is  very  difficultly  crystallizable,  and  when 
evaporated  to  dryness  the  residue  evolves  hydrochloidc  acid  and  leaA^es 
yttria  if  heated  to  redness.  (Berlin.  Berzelius.)  Chloride  of  yttrium 
forms  a double  salt  Avith  chloride  of  potassium  Avhen  the  tAVO  are  fused 
together;  it  evolves  heat  on  solution  in  Avater.  (Berzelius.) 

Iodide  and  Bromide  of  Y^'raiiuiM.  Yttrium  burns  Avhen  heated  in 
the  vapor  of  iodine  or  bromine;  the  resulting  compounds  are  Amlatile,  and 
form  crystalline  sublimates,  fusible,  and  soluble  in  Avater  Avith  the  evolu- 
tion of  heat.  The  solutions  of  yttria  in  hydriodic  and  hydrobromic  acids 
are  difficultly  crystallizable.  lodafe  of  ytlria  falls  as  a Avhite  precipitate 
soluble  in  190  parts  of  Avater:  AAdien  heated  it  explodes  and  evolves 
oxygen  gas  and  the  Ampor  of  iodine,  idromaic  of  ytlria  resembles  the 
iodate,  but  is  more  soluble.  (Berlin.) 


Fluoride  of  YYtrium  is  an  insoluble  compound;  it  occurs  native^ 
combined  Avitli  the  fluorides  of  cerium  and  calcium,  in  the  vicinity  of 
Falilun. 


Nitrate  of  Y^ttria  is  deliquescent,  but  liy  spontaneous  eAvaporation 
it  may  be  obtained  in  colorless  crystals, 

SuLPiTURET  OF  Yttrium.  Yttilum  burns  in  sulphur-vapor,  and  jiro- 
duces  a pulverulent  grey  sulphuret.  Insoluble  in  Avater,  but  eAmlving  sul- 
phuretted hydrogen  AAdien  acted  on  by  acids.  (Y  oiiler.) 


Sulphite  of  Y^ttria,  Y"0,S02,  is  formed  by  the  direct  action  of 
aqueous  sulphurous  acid  on  hydrated  yttria,  or  by  precipitation  Avith  an 
alkaline  sulphite:  it  is  a Avhite  poAvder,  insoluble  in  Avater,  but  sparingly 
soluble  in  solution  of  the  acid,  and  Avhen  this  solution  is  evaporated  under 
exposure  to  air,  it  yields  crystals  of  the  sulphate.  (Berlin.) 


Sulphate  of  Y'ttria,  Y’^0,S03,  is  crystallizable  and  of  a pale-pink 
line;  it  is  remarkable  for  its  tardy  solubility  in  Avater,  and  it  is  less  soluble 
in  dilute  sulphuric  acid,  so  that  excess  of  acid  facilitates  its  crystallization. 
It  forms  a double  salt  Avith  sulphate  of  potassa,  Avhich  is  n:  KO,S03 -f- 
Y"0,S03:  it  is  soluble  in  IG  of  cold  and  10  parts  of  boiling  water. 

(Berlin.) 
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Seleniuret  op  Yttrium.  Yttria  combines  with  selenium  with  feeble 
ignition,  when  they  are  fused  together;  the  compound  is  black,  and  does 
not  decompose  water;  but  on  the  addition  of  an  acid,  yields  seleniuretted 
hydrogen.  Selenite  of  Yttria  falls  in  the  form  of  white  flakes  when  sele- 
nites  of  the  alkalis  are  added  to  solutions  of  the  salts  of  yttria;  they  dry 
into  a white  powder,  insoluble  in  water  and  in  excess  of  selenious  acid. 
(Berzelius.) 

Phospiiuret  of  Yttrium.  Yttrium  burns  in  the  vapor  of  phos- 
phorus, and  produces  a pulverulent  grey  phospiiuret,  which  decomposes 
water  with  the  evolution  of  phosphuretted  hydrogen.  (Wohler.) 

Phosphate  of  Yttria.  When  a salt  of  yttria  is  mixed  with  a solu- 
tion of  common  phosphate  of  soda,  a white  infusible  powder  falls,  which 
is  insoluble  in  water : when  it  is  dissolved  to  saturation  in  nitric  or  in 
hydrochloric  acid,  the  solution  deposits  a tribasic  phosphate  during  eva- 
poration. When  it  is  dissolved  in  an  acid,  and  precipitated  b}'-  ammonia, 
a basic  phosphate  falls.  A native  j^hosphate  of  yttria^  containing  62'6 
yttria,  33*5  phosphoric  acid,  and  3‘9  phosphate  of  iron,  occurs  near 
Lindesness,  in  Norway.  (See  Berzelius,  in  respect  to  some  peculiarities 
of  this  salt.) 

Carbonate  of  Yttria  is  found  native:  when  thrown  down  by  excess 
of  carbonate  of  soda,  and  left  in  the  liquor,  it  gradually  forms  small  crys- 
tals: both  are  hydrated  carbonates,  which,  when  dried  at  212°,  lose  one- 
third  of  their  carbonic  acid,  and  become  anhydrous  at  about  285°;  at  a 
red-heat  the  greater  part  of  the  carbonic  acid  is  expelled,  but  it  obstinately 
retains  about  2 or  3 per  cent.  This  carbonate  is  insoluble  in  water,  and 
very  sparingly  soluble  in  aqueous  carbonic  acid:  it  gradually  dissolves  in 
solutions  of  ammoniacal  salts,  producing  carbonate  of  ammonia.  (Gadolin. 
Berzelius.  Berlin.) 

The  components  of  the  hydrated  carbonate  are 


Yttria  

1 .... 

40  ., 

...  44*94 

Klaproth. 

....  55) 

Berlin. 

..  69*76 

Carbonic  acid  

1 .... 

22  ., 

...  24*72 

....  18j  •• 

Water  

3 .... 

27  .. 

...  30*34 

....  27  ... 

. 30*24 

Terhydrated  carbonate  of  yttria 

1 

89 

10000 

100 

100*00 

When  this  carbonate  is  digested  in  a solution  of  carbonate  of  ammo- 
nia, an  ammonio- carbonate  of  yttria^  in  small  crystals,  is  deposited:  it  is 
decomposed  at  a boiling  temperature.  (Berzelius.) 

Borate  of  Yttria  is  obtained  by  double  decomposition  in  the  form 
of  a bulky  precipitate,  which,  during  washing,  absorbs  carbonic  acid  and 
passes  into  a mixture  of  carbonate  and  acid  borate  of  yttria.  (Berzelius.) 

Characters  of  the  Salts  of  Yttria.  They  have  a sweet  astringent 
taste,  not  unlike  those  of  glucina:  their  specific  gravity  exceeds  that  of 
the  other  earthy  salts:  some  of  them,  when  crystallized,  have  an  ame- 
thystine tint,  generally  referred  to  the  presence  of  manganese,  but  de- 
pending, according  to  Mosander,  upon  the  presence  of  the  foreign  oxides 
already  adverted  to.  They  are  thrown  down  of  a white  color  by  ferro- 
cyanide  of  potassium,  and  by  caustic  potassa,  and  the  precipitate  is  not 
soluble  in  excess  of  the  precipitant.  Carbonated  alkalis,  when  added  in 
excess,  slowly  redissolve  the  precipitate.  The  sulphate  is  the  most  cha- 
racteristic salt. 


TIIORINUM. 
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This  substance  ^vas  discovered  by  Berzelius  in  1828,  in  a rare  and 
complex  mineral,  found  in  the  syenitic  rock  of  the  Isle  of  Loven,  near 
Brevig,  in  Norway.  It  contained  about  58  per  cent,  of  thorina  (Pogge?id., 
xvi.  387,)  which  was  obtained  as  follows:  the  mineral  in  powder  Avas 
digested  in  hydrochloric  acid,  Avhich  formed  a gelatinous  mass,  Avhich, 
evaporated  to  dryness,  and  digested  in  dilute  hydrochloric  acid,  left  silica. 
The  hydrochloric  solution  Avas  then  freed  from  lead  and  tin,  by  a current 
of  sulphuretted  hydrogen,  and  the  clear  solution  saturated  by  ammonia: 
this  occasioned  a precipitate,  Avhich  Avas  Avashed,  dissolved  in  dilute  sul- 
phuric acid,  and  the  solution  evaporated  to  a small  bulk;  during  this 
evaporation  sulphate  of  thorina  Avas  deposited,  a\  hich,  being  Avashed  Avith 
a saturated  solution  of  sulphate  of  potassa,  Avas  dissolved  in  boiling  Avater, 
and  decomposed  by  caustic  potassa,  Avhich  threw  doAvn  the  thorina  in  the 
state  of  a AA^hite  poAvder.  {Ami.  de  Ch.  et  Ph.,  xLiii.  5.) 

By  passing  a current  of  dry  chlorine  over  a mixture  of  thorina  and 
charcoal-poAvder,  a crystalline  chloride  of  thorinmn  is  obtained,  Avhich  is 
easily  decomposed  by  potassium,  and  the  product  is  thorinmn.  It  is  of  a 
grey  color,  metallic  lustre,  and  apparently  malleable.  It  is  not  oxidized 
by  hot  or  cold  Avater,  but  Avhen  heated  in.  the  air  it  burns  Avith  great 
brilliancy  into  thorina,  Avhich  is  snow-Avhite,  and  shows  no  traces  of 
fusion.  It  is  feebly  acted  on  by  sulphuric  acid,  and  scarcely  by  nitric  acid : 
it  is  not  attacked  by  the  caustic  alkalis  at  a boiling  heat.  Hydrochloric 
acid  dissolves  it,  Avith  the  evolution  of  hydrogen.  Its  apparent  equiA^alent 
is  60.  (59-6  Gmelin.) 

Oxide  of  Tiiorinum.  Thorina,  ThO,  obtained  as  above  described, 
and  after  having  been  heated  to  redness,  is  AA’hite,  and  insoluble  in  the 
acids,  AA’ith  the  exception  of  the  sulphuric.  When  throAvn  doAvn  in  the 
state  of  hydrate.,  it  dissolves  more  readily,  and  exposed  to  the  air  absorbs 
carbonic  acid.  It  probably  consists  of 


Berzelius. 

Thorinum  1 ....  60  ....  88  ....  88*17 

Oxygen  1 ....  8 ....  12  ....  11*83 


Thorina 


68 


100 


100*00 


Thorinum  combines  energetically  Avith  chlorine,  sulphui,  and  phos- 
phorus. The  chloride  has  been  above  adverted  to  : the  other  compounds 

have  been  but  imperfectly  examined. 

Thorina  is  distinguished  from  the  other  oxides  by  the  following  pro- 
perties : from  alumina  and  glucina,  by  its  insolubility  in  pure  poHassa  ; 
from  yttria,  by  forming  Avith  sulphate  of  potassa  a double  salt,  Avhich  is 
quite  insoluble  in  a cold  saturated  solution  of  sulphate  of  potassa;  from 
zirconia,  by  the  circumstance  that  this  earth,  after  being  piecipitatec 
a hot  solution  of  sulphate  of  potassa,  is  almost  insoluble  in  water  and  the 
acids.  Thorina  is  precipitated  also  by  ferrocyanide  of  potassium,  which 
does  not  separate  zirconia  from  its  solutions.  _ Berzelius  has  lemaiked 
that  sulphate  of  thorina  is  much  more  soluble  in  cold  than  in  hot  Avater, 
so  that  a cold  saturated  solution  becomes  ^turbid  Avhen  heated,  and  in 
cooling  recovers  its  transparency.  (Tubner  s Elements.) 
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§ XLIL  ALUMINUM.  Al.  14. 

The  term  aluminum  or  alumiiim  lias  been  applied  to  the  metallic  base 
of  the  earth  alumina^  a substance  of  common  occurrence  in  the  mineral 
Avorld,  and  of  great  importance  in  its  applications  to  the  arts.  Tlie  nature 
of  alumina  was  discovered  by  Davy  in  1808,  (^Elem.  Chem.  Phil.,  355,) 
who  found  that  potassa  was  generated  by  passing  the  vapor  of  potassium 
over  white-hot  alumina  : he  did  not,  however,  determine  the  properties 
of  its  base.  This  has  since  been  more  accurately  effected  by  ATohler,  to 
whom  we  owe  the  following  ingenious  method  of  obtaining  it.  {^Ann.  Ch. 
et  Fh.,  Jan.  1828,  and  Poggend.  Ann.,  xi.  146.)  Chloride  of  aluminum 
is  heated  with  clean  and  pure  potassium  (or  sodium?)  in  a small  platinum 
or  porcelain  crucible : the  heat  of  a spirit-lamp  is  sufficient,  for  when  the 
substances  begin  to  act,  the  temperature  suddenly  rises  to  redness,  and 
care  should  be  taken  so  to  adjust  the  relative  proportions  of  materials, 
that  none  of  the  chloride  may  be  evaporated  in  an  undecomposed  state, 
while  at  the  same  time  there  should  not  be  excess  of  alkali  in  the  residue. 
When  the  crucible  is  cold,  its  contents  are  well-washed  with  cold  water, 
by  which  a finely-divided  grey  substance,  with  a certain  degree  of  me  - 
tallic lustre,  is  obtained,  which  is  pure  aluminum.  To  avoid  the  loss  of 
materials  which  is  apt  to  ensue  in  consequence  of  the  violence  of  the 
action  when  the  potassium  and  chloride  act  upon  each  other,  Liebig  in- 
troduces the  chloride  of  aluminum  into  the  sealed  end  of  a small  tube 
retort  made  of  thin  and  difficultly  fusible  glass,  and  places  the  globules  of 
potassium  in  the  horizontal  part  of  the  tube ; on  heating  the  chloride,  its 
vapor  is  decomposed  by  the  potassium,  the  globules  of  which  successively 
burn  in  it  : when  the  operation  is  complete,  the  tube  is  broken,  and  the 
pieces  thrown  into  water;  when  the  aluminum  has  fallen,  it  is  washed 
Avith  alcohol,  and  dried. 

Aluminum,  as  thus  obtained,  is  in  the  form  of  a grey  poAvder,  much 
resembling  platinum  in  appearance  ; it  may  be  polished  and  flattened, 
by  trituration  in  an  agate  mortar  : it  is  extremely  difficult  of  fusion  ; and 
although  in  the  pulverulent  state  it  does  not  apparently  conduct  electri- 
city, it  becomes  a conductor  Avhen  its  particles  are  aggregated  by  heat. 
This,  if  not  arising  from  imperfect  contact,  is  an  interesting  fact,  and 
holds  good  also,  according  to  Wohler,  in  the  case  of  iron,  Avhich  docs  not 
conduct  when  in  very  fine  poAvder.  Aluminum  is  not  oxidized  by  ex- 
posure to  dry  air,  but,  Avhen  heated  nearly  to  redness,  it  burns  into  a 
hard  Avhite  substance,  having  the  properties  of  alumina.  AYhen  sprinkled 
into  the  flame  of  a spirit-lamp  it  scintillates  like  iron-filings,  and  if, 
Avhen  red-hot,  it  be  immersed  in  oxygen,  it  burns  Avith  vivid  light  and 
intense  heat : the  result  is  fused  alumina,  apparently  as  hard  as 
corundum. 

Aluminum  is  not  acted  on  by  Avater  at  common  temperatures,  but 
when  boiled  it  is  slightly  oxidized,  and  a little  hydrogen  is  evolved  : the 
oxidizement  is,  hoAvever,  imperfect  and  superficial.  It  is  not  affected  by 
nitric  or  sulphuric  acids  at  common  temperatures,  but  it  rapidly  dissolves 
in  hot  sulphuric  acid,  and  sulphurous  acid  is  evolved.  The  dilute  acid 
dissolves  it  Avitli  the  evolution  of  hydrogen,  as  is  also  the  case  Avith  hydro- 
chloric acid.  It  is  soluble  with  the  evolution  of  hydrogen  in  the  caustic 
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fixed  alkalis,  and  alkaline  solutions  of  alumina  are  the  results.  It  is 
similarly  acted  upon  by  ammonia,  wbicli  in  this  case  retains  an  unusual 
pro2:)ortion  of  alumina  in  solution. 

Thei  e is  much  difficulty  in  determining  the  ec|ulyalent  of  aluminum, 
arising  out  of  the  different  views  that  may  be  taken  of  the  atomic  consti- 
tution of  alumina^  which  is  its  only  known  oxide  : some  chemists  regard 
it  as  a protoxide^  and  in  that  case  a number  intermediate  between  9 and 
10  would  represent  aluminum;  others,  from  the  analogy  that  subsists 
between  some  of  the  combinations  of  alumina  and  the  peroxide  of  iron, 
have  regarded  it  as  a sesquioxide,  namely  as  Al2  03.  Gmelin  has 
adopted  this  view,  and,  with  Turner  and  Graham,  considers  alumina  as 
a sesquioxide,  that  is,  as  consisting  of  2 atoms  of  aluminum  and  3 of 
oxygen.  Thomson  represents  alumina  as  a protoxide,  and  adopts  10  as 
the  atomic  weight  of  aluminum.  Assuming  alumina  to  be  rr  Al2  O3,  I 
shall  represent  the  atomic  equivalent  of  aluminum  by  the  number  14, 
which  agrees  well  with  the  mean  results  of  the  best  analyses  of  the  alu- 
minous compounds.  (13-7  Gmelin.  13'72  Graham.) 


Oxide  of  Aluminum.  Sesquioxide  of  Aluminum.  Alumina. 
AI2  O3.  1.  To  obtain  pure  alnmhia,  decompose  a solution  of  pure 

alum  by  excess  of  carbonate  of  potassa,  Avash  the  precipitate  Avith  repeated 
portions  of  hot  distilled  AAmter,  redissolve  it  in  hydrochloric  acid,  preciju- 
tate  it  again  by  ammonia,  thoroughly  edulcorate,  and  dry  the  precipitate: 
it  is  rendered  anhydrous  by  exposure  to  a red-heat.  In  this  process,  the 
alumina  Avhich  first  falls  always  retains  a little  potassa,  Avhich  is  got  rid 
of  by  the  second  solution,  and  precipitation  by  ammonia:  if  ammonia  be 
used  as  the  original  precipitant  of  a solution  of  alum,  the  resulting  preci- 
pitate retains  subsulphate  of  alumina,  not  decomposable  by  excess  of  am- 
monia. 2.  Pure  alumina  may  also  be  obtained,  according  to  Gay  Lussac 
{Ami.  Ch.  et  v.  102),  by  igniting  pure  ammonia-alum^  previously  de- 
prived of  AAmter  of  crystallization  by  heat : sulphate  of  ammonia  evapo- 
rates, and  alumina  remains,  perfectly  white,  and  very  soft  to  the  touch, 
but  nevertheless,  almost  insoluble  in  acids.  As  thus  obtained,  its  extreme 
division,  and  the  hardness  of  its  particles,  observes  Gay  lAissac,  might 
render  it  useful  for  polishing  metal,  and  its  Avhiteness  for  the  preparation 
of  colors.  3.  Gregory  obtains  pure  alumina  as  folloAA\s  : a solution  of 
alum  is  precipitated  by  excess  of  chloride  of  barium,  sulphate  ot  baryta 
is  throAvn  down,  and  chlorides  of  aluminum,  potassium,  and  barium 
remain  in  solution  ; on  evaporation,  hydrochlorate  of  alumina,  along  Avith 
chlorides  of  potassium  and  barium  remain,  and  by  igniting  this  residue 
the  hydrochlorate  is  decomposed,  and  alumina,  Avith  the  other  chlorides, 
remains ; the  latter  are  removed  by  AA'ater. 

Alumina  is  a colorless,  insipid,  and  insoluble  poAvder,  Avithout  action 
upon  A^egetable  blues  : its  specific  gravity  is  2 ; but  after  exposure  to 
an  intense  heat,  about  4.  (Royer  and  Dumas.)  By  the  oxyhydrogen 
bloA\''-pipe  it  may  be  fused  into  a colorless  globule.  It  has  a strong 
attraction  for  moisture,  AvhIch  it  rapidly  absorbs  from  humid  air  to  the 
amount  of  one-third  its  Avelght.  When  mixed  Avith  Avater,  alumina  is 
characterized  by  the  plasticity  of  the  mixture  ; and  if  the  paste  be  diied  in 
the  air,  and  then  heated,  it  shrinks  considerably  in  consequence  of  the 
loss  of  AA’ater ; this  shrinkage  was  applied  to  Wedgwood  to  pyrometrical 
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purposes  (p.  49).  Alumina  has  a strong  affinity  for  various  organic 
compounds,  and  its  use  in  the  arts  of  dyeing  and  calico-printing  depends 
upon  its  attraction  for  different  coloring-principles,  and  for  ligneous 
fibre.  If  ammonia  be  added  to  a solution  of  alum  in  infusion  of  cochi- 
neal, or  of  madder,  the  aluminous  earth  falls  in  combination  with  the 
red  coloring-matter,  and  the  supernatant  liq^uor  remains  colorless. 
Colors  thus  prepared  are  called  Lakes. 

Moist  alumina  is  readily  soluble  in  most  of  the  acids ; but  after  the 
expulsion  of  its  water  by  heat,  it  is  much  more  difficultly  dissolved, 
or  even  insoluble.  It  is  sparingly  soluble  (when  moist)  in  caustic  ammo- 
nia; (see  Malaguti  and  Durocher,  Ann.  Ch.  et  Ph.^  Aug.  1846;)  but 
potassa  and  soda  readily  dissolve  it,  and  it  is  also  soluble,  to  a certain 
extent,  in  the  aqueous  solutions  of  baryta  and  strontia.  The  fixed  alkaline 
solutions  of  alumina  are  decomposed  by  the  acids  and  by  arnmoniacal  salts. 

Alumina,  like  other  sesquioxides,  is  a comparatively  feeble  base ; none 
of  its  salts  are,  in  fact,  neutral,  but  have  an  acid  reaction ; and  in 
respect  to  the  more  powerful  basic  oxides,  it  has  been  represented  as 
performing  the  part  of  an  acid,  so  that  such  compounds  have  been 
termed  Alimiinates.  Many  of  these  combinations  exist  native.  Alumina 
is  recognised  by  its  solubility  in  caustic  potassa ; by  the  formation  of 
octohedral  crystals  of  alum  on  evaporating  its  sulphuric  -solution  with  the 
addition  of  sulphate  of  potassa,  and  the  astringent  sweetness  of  this  salt; 
and  by  the  fine  blue  color  which  it  affords  when  moistened  with  nitrate 
of  cobalt  and  strongly  heated : this,  according  to  Berzelius,  is  a very 
characteristic  test. 

Alumina,  in  reference  to  the  above-mentioned  equivalent,  will  con- 
sist of 

Berzelius.  Davy. 

Aluminum.,..  2 ....  28  ....  53'8  ....  53’3  ....  56 

Oxygen 3 ....  24  ....  46'2  ....  46’7  ....  44 

Alumina 1 52  lOO'O  1000  100 

Native  Alumina  may  be  said  to  constitute  the  sapphire^  which  occurs 
either  colorless  or  pale-blue,  is  extremely  hard,  and  occasionally  crystal- 
lized : its  specific  gravity  is  about  3*5.  The  oriental  ruby  and  the  oriental 
topaz  are  red  and  yellow  varieties  of  sapphire.  These  gems  are  mostly 
found  in  alluvial  deposits  in  Ceylon  and  Pegu:  they  have  also  been  met 
with  in  France  and  Bohemia.  Corundum.,  adamantine  spar.,  and  emery, 
are  minerals  also  consisting  chiefly  of  alumina,  with  less  than  2 per  cent. 
of  oxide  of  iron,  and  a little  silica : the  sp.  gr.  of  corundum  is  about 
4.  All  these  substances  are  extremely  hard,  being,  in  that  respect, 
second  only  to  diamond.  By  intensely  heating  hydrate  of  alumina 
moistened  by  a drop  or  two  of  solution  of  bichromate  of  potassa,  in  the 
flame  of  the  oxyliydrogen  blow-pij^e,  Gaudin  succeeded  in  forming  an 
artificial  ruby.  {Ann.  der  Pharm.,  xxiii.  234.) 

Hydrates  op  Alumina.  When  alumina  is  jirecipitated  from  its 
solutions  ill  the  state  of  hydrate,  washed,  and  dried  at  between  and 
80^,  it  always  contains  about  59°  per  cent,  of  water,  although  its  physical 
characters  vary  considerably,  dependant  upon  the  strength  of  the  solution 
from  which  it  is  precipitated:  if  from  a saturated  solution  of  alum, 
it  forms  a friable,  opaque,  spongy  mass ; if  from  a dilute  solution,  a 
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transparent,  yellowish,  gum-like,  or  gelatinous  substance,  wliicli  has  no 
earthy  characters,  and  does  not  adhere  to  the  tongue.  The  composition 
of  these  hydrates,  dried  below  80°,  is 


Alumina 1 ....  52  ....  41-9 

Water 8 ....  72  ....  58-1 


Octohydrate  of  alumina  1 124  lOO'O 

Dried  at  212°,  this  hydrate  loses  about  5 atoms  of  water,  and  becomes 
Al2  03  + 3110.  Exposed  to  a red  heat,  the  gelatinous  hydrate  still  loses 
only  about  43  per  cent,  of  its  wmter,  and  the  residue,  under  these  cir- 
cumstances, consists  of 

Alumina  1 ....  52  ....  74*3 

Water  2 ....  18  ....  25*7 

Bihydrate  of  alumina  1 70  lOO’O 

By  protracted  [heat,  further  portions  of  water  may  be  expelled,  hut 
the  residue  cannot  be  rendered  anhydrous. 

On  the  other  hand,  the  jiulverulent  or  spongy  hydrate^  loses  the  whole 
of  its  water  at  a red-heat,  and  hence,  in  analyses,  it  is  always  desirable 
that  the  alumina  should  be  thrown  down  in  the  spongy  and  not  in  the 
gelatinous  state,  as  in  the  latter  case  an  error  in  the  estimation  of  its 
quantity  might  ensue.  The  gelatinous  alumina  may,  however,  be 
brought  to  the  state  of  the  spongy,  by  moistening  it  with  sulphuric 
acid  and  giving  it  a red-heat;  both  the  water  and  the  acid  are  then 
entirely  driven  off. 

Native  Hydrate  of  Alumina  constitutes  the  mineral  called  Gihhsite^ 
from  Richmond  in  Massachusetts;  it  occurs  in  small  stalactitic  aggregates 
of  a fibrous  texture,  and  of  a greenish-white  color:  its  density  is  2’4, 
and  it  contains  about  35  per  cent,  of  water.  According  to  Mitscherlich, 
a corresponding  hydrate  may  be  artificially  formed  by  digesting  excess  of 
recently-precipitated  hydrate  of  alumina  in  a solution  of  caustic  potassa, 
at  a moderate  temperature,  and  either  preserving  the  filtered  solution  in 
a well-closed  flask,  or  suffering  it  slowly  to  absorb  carbonic  acid  from  the 
air;  in  each  case,  small  white  translucent  crystals  are  gradually  formed, 
which  contain  about  35  per  cent,  of  water,  not  expelled  at  212°.  Gibbs- 
ite,  therefore,  and  these  crystals,  are  composed  of 


Alumina  1 ....  52  ....  65*8 

AVater  3 ....  27  ....  34-2 


Terhydrate  of  alumina  1 79  lOO'O 

The  mineral  called  JDiaspore^  (from  its  property  of  decrepitating  into 
powder  when  heated,)  is  a native  bihydrate  of  alumina  rr:Al2  03  + 21I0. 

Aluminate  of  Potassa.  K0,A103,  is  obtained  by  dissolving  alu- 
mina precipitated  by  carbonate  of  ammonia  in  solution  of  potassa,  oi  by 
fusing  anhydrous  alumina  with  excess  of  potassa.  The  solution  evapo- 
rated in  vacuo  yields  hard  brilliant  crystals  of  hydrated  aluminate  of 
potassa,  very  soluble  in  water,  insoluble  in  alcohol,  of  a caustic  taste,  and 

alkaline  reaction.  A certain  quantity  of  water  decomposes  this  salt, 

^ 4 C 2 
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precipitating  alumina,  and  retaining  a liiglily  alkaline  alumlnate.  (PuRiMV, 
Anil.  Ch.  et  Ph.,  Nov.,  1844.)  The  crystals  contain 


Fremy. 

Potassa  1 ....  48  ....  37-8  ....  37-5 

Alumina 1 ....  52  ....  40‘9  ....  40‘G 

Water  3 ....  27  ....  21*3  ....  21*2 


Crystallized  aluminate  of  potassa  1 127  lOO'O  99‘3 

Aluminate  of  Soda  is  more  difficultly  crystallized  tlian  the  preced- 
ing. Tlie  other  aluminatcs  are  insoluble,  and  formed  by  double  decom- 
position. 

Chloride  of  Aluminum.  Sesquiciiloride  op  Aluminum.  Al2  Cl3. 
This  compound  has  been  mentioned  as  a source  of  aluminum:  it  M'as 
obtained  by  Wohler,  as  follows: — Alumina,  in  the  state  of  pulverulent 
hydrate,  is  mixed  into  a paste  with  powdered  charcoal,  oil,  and  sugar, 
and  this  is  heated  in  a covered  crucible  till  the  organic  matter  is  decom- 
posed: an  intimate  mixture  of  the  alumina  with  charcoal  is  thus  obtained, 
which  is  introduced  hvhilst  hot  into  a proper  porcelain  or  glass  tube, 
placed  in  a convenient  furnace  : dried  chlorine  is  then  passed  through  it 
into  a receiver  attached  to  the  other  end  of  the  tube,  and  the  air  being 
thus  expelled,  the  tube  is  heated  red-hot,  and  chlorine  gradually  passed 
into  it:  carbonic  oxide  is  disengaged,  and  chloride  of  aluminum  formed, 
which  chiefly  collects  within  the  tube,  and  ultimately  plugs  it  up.  It  is 
a crystalline  translucent  substance  of  the  color  of  chlorine;  it  fumes  and 
deliquesces  when  exposed  to  air;  it  is  energetically  acted  upon  by  water, 
and  is  very  soluble  in  alcohol : it  may  be  preserved  in  naphtha.  If  a 
solution  of  alumina  in  hydrochloric  acid  be  concentrated  by  spontaneous 
evaporation  in  a dry  atmosphere,  crystals  are  obtained  containing  44*7 
j)er  cent.^  or  12  equivalents  of  water.  (Bonsdorff.)  AYlien  the  solution 
is  evaporated  by  heat,  a deliquescent  hydrated  chloride  remains  (hydro- 
chlorate), which,  at  a higher  temperature,  evolves  hydrochloric  acid,  and 
leaves  alumina,  so  that  chloride  of  aluminum  cannot  be  thus  obtained. 
The  components  of  this  chloride  are 


Aluminum  2 ....  28  ....  20*6 

Chlorine  3 ....  108  ....  79*4 


Chloride  of  aluminum  I 136  100*0 

Chloride  of  aluminum  absorbs  gaseous  ammonia,  at  first  slowly,  and 
then  so  rapidly  as  to  evolve  much  heat:  the  compound  is  partially 
decomposed  by  water:  it  is  =:  3NTl3,Al2  Cl3.  When  heated  in  an  atmo- 
sphere of  ammoniacal  gas,  it  loses  a portion  of  its  ammonia,  and  heated  in 
an  atmosphere  of  hydrogen  it  passes  into  NIl3,Al2  Cl3.  '(II.  Bose,  Poggend., 
xxiv.  298.  Verboz.^  Ann.  Ch.  et  Ph..,  xuiv.  320.)  Chloride  of  aluminum 
also  absorbs  sulphuretted  hydrogen  when  heated  in  a tube  and  exposed 
to  a current  of  the  gas:  the  combination  sublimes  in  white  pearly  cry- 
stals, very  deliquescent,  and  decomposed  by  solution  in  water.  (Wohler.) 
Heated  in  a stream  of  phosphuretted  hydrogen,  a crystalline  sublimate  is 
obtained,  which  evolves  phosphuretted  hydrogen  when  dissolved  in  -water, 
or  in  aqueous  ammonia:  it  is  PH3,3Al2  Cl3.  (H.  Rose.  Poggend.., 
xxiv.  295.) 
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Chlorate  of  Alumina  is  a deliquescent  salt  obtained  by  mixing 
a solution  of  silicofluoride  of  aluminum  M'itli  a boiling  saturated  solution 
of  chlorate  of  potassa,  filtering,  and  evaporating.  (Berzelius.)  The 
solution  of  alumina  in  perchloric  acid  yields  an  uncrystallizable  deliques- 
cent on  evaporation,  Avliicli  is  soluble  in  alcohol. 

(Serullas,  Aim.  Ch.  et  Ph.,  xLvi.  304.) 


Iodide  of  Aluminum  has  not  been  obtained  in  the  solid  state,  but  pro- 
bably exists  in  solution  Avhen  gelatinous  alumina  is  dissolved  in  hvdriodic 
acid.  lodate  of  alumhia^  obtained  by  dissolving  hydrated  alumina  in 
aqueous  iodic  acid,  is  very  deliquescent  and  imperfectly  crystallizable. 


Bromide  of  Aluminuim  Avas  obtained  by  D’Arcet,  by  the  action  of 
bromine  at  a high  temperature  upon  a mixture  of  alumina  and  charcoal  ; 
in  its  principal  properties  it  resembles  the  chloride.  The  solution  of 
alumina  in  hydrobromic  acid  yields  deliquescent  acicular  crystals  soluble 
in  alcohol.  (Bertiiemot.  Ann.  Ch.  ct  Ph..^  xuiv.  394.) 

Bromate  of  Alumina  is  a very  deliquescent  uncrystallizable  salt, 
( Rammelsberg.  Poggcnd.,  lv.  63.) 


Fluoride  of  Aluminum.  Hydrate  of  alumina  readily  dissolves  in 
hj'droduoric  acid,  and,  on  evaporation,  a gummy  substance  is  obtained, 
■which  bears  a red-heat  without  entire  decomposition.  Berzelius  has 
described  two  alumino-fluorules  of  potassium  obtained  from  mixed  solu- 
tions of  the  two  fluorides.  They  are  gelatinous  precipitates  which 
become  white  and  pulverulent  when  -washed  and  dried:  they  are  repre- 
sented by  the  formulae  3KF  4- Al2  F3,  and  2KF  -1- Al2 1 3.  Alumino-Jiuo~ 
ride  of  sodium  occurs  native  in  Kryolite  = 3NaF,Al2  F35  a rare  mineral 
hitherto  found  only  in  Greenland:  it  consists  of 


Sodium” 3 

Aluminum  ....  2 

Fluorine 6 


Berzelius. 

72  ....  33-G4  ....  32-93 

28  ....  13-09  ....  13-00 

114  ....  53-27  ....  54-07 


Kryolite 1 214  100-00  100-00 

Nitrate  of  Alumina,  AI2  03,N05,  is  very  difficultly  crystallizable, 
and  generally  obtained,  on  evaporating  its  solution,  in  the  form  of  a 
semitransparent  gum-like  mass,  very  deliquescent,  and  soluble  in  alcohol  . 
it  may  be  obtained  by  very  careful  evaporation  in  soft  foliated  ci_)stals. 
When  decomposed  by  caustic  ammonia,  a pasty  precipitate  sepaiates, 
which  is  a basic  nitrate^  not  decomposed  by  excess  of  ammonia.  (Ber- 
zelius.) 

SuLPiiURET  OF  Aluminum,  AI2  S3,  is  obtained  by  dropping  sulphui 
upon  incandescent  aluminum,  or  by  passing  the  vapoi  of  sulphui  01  ei 
red-hot  aluminum.  A black  compound  is  the  result,  uhich  is  c ecom 
posed  by  exposure  to  air,  and  which,  when  thrown  kito  -uatci,  ( eposits 
alumina,  and  evolves  sulphuretted  hydrogen.  (^^  oiiler.)  icn  an 
aluminous  salt  is  decomposed  by  an  alkaline  hydrosulphuiet,  alumina  is 
thrown  down,  and  sulphuretted  hydrogen  is  evolved. 
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Hyposulphite  of  Alumina.  No  precipitate  falls  when  oxalate  of 
alumina  is  added  to  hyposulphite  of  lime,  (Herschel.) 

Sulphite  of  Alumina.  When  a solution  of  alumina  in  aqueous 
sulphurous  acid  is  evaporated  in  vacuo,  a gum-like  mass  remains,  which 
gradually  passes  into  a sulphate  hy  exposure  to  air : when  its  solution  is 
heated  to  about  165*^,  sulphurous  acid  is  evolved,  and  a white  pulveru- 
lent hydrated  basic  sulphite  falls,  which  is  insoluble  in  water,  but  soluble 
in  aqueous  sulphurous  acid:  this  basic  salt  soon  passes  into  sulphate  when 
exposed  to  air:  when  boiled  in  water  it  is  decomposed,  sulphurous  acid 
evolved,  and  hydrated  alumina  deposited:  vvhen  heated  to  redness,  it 
leaves  alumina  retaining  a little  sulphuric  acid,  the  whole  of  which  is 
expelled  by  longer  exposure  to  a red  heat,  and  pure  alumina  remains. 
(Fourcroy  and  Vauquelin.  Gougginsperg,  Ayin.  der  Pharm.^  xlv.  132; 
Berthier,  Ann.  Ch.  et  Ph.^  l.  37L)  It  consists  of 


Gougginsperg. 

Alumina  1 ....  52  ....  43*83  ....  43*10 

Sulphurous  acid  1 ....  32  ....  26*67  ....  27*04 

Water  4 ....  36  ....  30*00  ....  29*86 


Hydrated  basic  sulphite  of  alumina  1 120  100*00  100*00 

Hyposulphate  of  Alumina  was  obtained  by  Heeren,  by  mixing 
solutions  of  hyposulphate  of  baryta  and  sulphate  of  alumina,  filtering, 
and  allowing  the  liquor  spontaneously  to  evaporate,  when  very  small 
crystals  were  deposited : on  evaporating  the  filtered  solution  to  dryness  in 
vacuo,  a white  mass  was  obtained,  the  solution  of  which  was  copiously 
precipitated  by  chloride  of  barium,  so  that  a pure  hyposulphate  of  alumina 
cannot  apparently  be  obtained,  {Poggendorff^  vii.  180.) 

Tersulphate  of  Alumina,  Al2  03,3803,  is  formed  by  digesting 
hydrate  of  alumina  in  sulphuric  acid  diluted  with  an  equal  bulk  of  water; 
the  solution  is  evaporated  and  alcohol  added,  which  throws  doAvn  the  tersul- 
phate. It  dissolves  in  2 parts  of  water,  and  forms  small  lamellar  crystals, 
of  a sweet  and  astringent  taste,  which  include  18  atoms  of  water.  When 
excess  of  hydrated  alumina  is  boiled  in  the  diluted  acid,  and  the  solution 
filtered  and  evaporated  in  vacuo  over  sulphuric  acid,  it  congeals  into  a 
soft,  white,  semitransparent  mass,  which  may  be  dried  on  blotting  paper, 
and  is  not  altered  by  the  air.  According  to  Kane,  as  quoted  by  Gmelin, 
the  most  perfect  tabular  crystals  are  obtained  from  the  solution  of  the 
salt  in  hydrochloric  acid.  Exposed  to  heat,  this  salt  loses  water  of  cry- 
stallization, and  an  anhydrous  sulphate  remains.  By  long  exposure  to  a 
red-heat,  the  whole  of  the  acid  is  expelled.  The  solution  of  this  salt 
may  be  used  as  a test  for  potassa;  for  when  it  is  dropped  into  a strong 
solution  of  that  alkali  or  its  salts,  small  crystalline  grains  of  alum  are 
thrown  down.  It  consists,  when  anhydrous,  of 


Alumina  1 ....  52  ....  30*23 

Sulphuric  acid  3 ....  120  ....  69*77 


Anhydrous  tersulphate  of  alumina  1 


172 


100*00 
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The  crystallized  salt  contains 


Alumina  

1 .. 

52  . 

...  15-571 

...  51-50 

Sulphuric  acid 

3 .. 

..  120  . 

...  35-93)  • 

Water 

18  .. 

..  162  . 

...  48-50  . 

...  48-50 

Crystallized  tersulphate  of  alumina 

1 

334 

100-00 

100-00 

This  sulphate  is  found  native  in  the  volcanic  island  of  Milo,  in  the 
Archipelago,  and  elsewhere.  (IMill,  Q.uarl.  Journ.  Sc.^  iii.  382;  Boussin- 
GAULT,  Ann.  Ch.  et  Ph.,  xxx.  109,  and  nii.  348.) 

Sulphate  of  Alumina.  Basic  Sulphate  of  Alumina.  AI2  O3, 
S03,9H0.  When  ammonia  is  added  to  a solution  of  sulphate  of  alumina, 
a white  powder  falls,  which  is  not  decomposed  by  excess  of  ammonia, 
and  which,  when  well  washed  and  carefully  dried,  consists  of 


Stromeyer. 

Alumina  1 ....  52  ....  30-05  ....  20-87 

Sulphuric  acid  1 ....  40  ....  23-12  ....  23-37 

Water  0 ....  81  ....  46-83  ....  46-76 


Hydrated  basic  sulphate  of  alumina  1 173  100-00  100-00 

This  compound,  in  the  preceding  state  of  hydration,  exists  native^ 
forming  the  mineral  called  Aluminite.,  or  Wehsterite:  it  occurs  near  New- 
haven  on  the  coast  of  Sussex;  at  Halle  in  Germany;  at  Bernon  near 
Epernay;  and  at  Auteuil  near  Paris:  its  usual  geological  position  is  in 
the  plastic  clay  immediately  upon  chalk. 

Bisulphate  of  Alumina.  AI2  03,2803.  When  the  preceding  basic 
sulphate  is  boiled  in  a solution  of  the  tersulphate  and  filtered  whilst  hot, 
an  uncrystallisable  salt  is  obtained  on  gently  evaporating  the  liquor, 
having,  according  to  the  analysis  of  Gdbel  and  Mans,  the  above  composi- 
tion. Several  other  aluminous  sulphates  have  been  described;  but  there 
is  no  satisfactory  evidence  of  their  definite  atomic  constitution. 

Sulphate  of  Alumina  and  Potassa.  Common  Alum.  Potash 
Alum.  K0,S03;  Al2,03,3S03;  24110.  This  useful  salt  is  manufactured 
upon  an  extensive  scale  in  Britain.  Aluminous  slate.)  which  is  an  argilla- 
ceous slaty  rock  containing  sulphuret  of  iron,  is  roasted  so  as  to  oxidize 
the  iron  and  acidify  the  sulphur:  on  lixiviating  the  roasted  ore,  a sulphate 
of  alumina  is  obtained,  which,  with  the  addition  of  sulphate  of  potassa.) 
yields  alum.  The  shales  or  wastes  of  old  coal-mines,  which  fall  down  in 
a decaying  or  decomposing  state,  yield  on  lixiviation,  especially  after  pro- 
longed"^ exposure  to  air  and  moisture,  considerable  cpiantities  of  sulphate 
of  alumina  and  sulphate  of  iron:  the  solution  of  these  salts  is  evapoiated 
at  the  alum-works,  near  Glasgow,  in  large  brick  cisterns,  by  cariying  the 
flue  of  a furnace  over  its  surface,  and,  when  sufficiently  concentiated,  is 
run  out  into  coolers,  where  the  sulphate  of  iron  crystallizes,  and  the  sul- 
phate of  alumina,  being  the  much  more  soluble  salt,  remains  in  the 
mother-liquors:  to  these,  when  heated,  sulphate  or  chloride  of  potassium 
is  added,  and  they  then  yield  crystals  of  alum,  not  at  first  puie,  hut  len- 
dered  so,  and  obtained  in  beautifully-perfect  octohedral  crystals,  by 
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recrystallization.  The  potassa  salts  required  for  this  manufacture  are 
often  obtained  by  burning  common  sea- weed,  collected  upon  the  coast; 
the  ash,  or  kelp^  contains  salts  of  potassium,  which  are  purified  by  cry- 
stallization: the  mother-liquors,  which  were  formerly  thrown  away,  are 
now  resorted  to  as  sources  of  iodine  (p.  286).  When  chloride  of  potas- 
sium is  used,  it  decomposes  the  sulphate  of  iron  of  the  alum-liquors, 
forming  chloride  of  iron  and  sulphate  of  potassa:  the  latter  salt  goes  to 
the  formation  of  alum,  leaving  the  chloride  of  iron  in  solution. 

There  are  many  other  methods  of  manufacturing  alum,  such  as  by  the 
decom230sition  of  clay  by  sulphuric  acid,  and  by  the  lixiviation  of  certain 
alum  stones^  as  they  are  called,  which  are  products  of  the  joint  action 
of  sulphurous  acid  and  oxygen  ui^on  volcanic  rocks  containing  alumina 
and  jiotassa ; these  abound  in  the  Solfaterra,  near  Naples,  and  yield  what 
is  termed  Roman  alum:  it  differs  from  common  alum  in  crystallizing  in 
opaque  cubes,  and  appears  to  contain  more  alumina  than  common  octo- 
hedral  alum : when  this  variety  is  dissolved  in  cold  water  and  slowly  cry- 
stallized, it  reaj)2)ears  in  cubic  crystals ; but  if  dissolved  in  water  heated  to 
110°,  or  higher,  a subsulphate  of  alumina  falls,  and  octohedral  alum  is 
obtained.  Roman  alum  has  not  been  accurately  analyzed. 

Octohedral  alum  has  a sweet  and  astringent  taste,  accompanied  by 
some  degree  of  acidity;  its  sp.  gr.  is  1*72:  it  reddens  vegetable  blues:  it 
dissolves  in  about  15  parts  of  cold  water,  and  in  about  its  own  weight  of 
boiling  water  (18*5  cold  and  0'75  boiling  water,  Graham).  According 
to  Poggiale,  100  parts  of  water  dissolve  3'29  of  alum  at  32°,  9*52  at  50°, 
22*01  at  86°,  30*92  at  122°,  90*67  cat  158°,  and  357A8  at  212°.  The 
specific  gravity  of  an  aqueous  solution  of  alum  saturated  at  46°  is  1*045. 
The  crystals  are  permanent  in  the  air,  or  only  very  slightly  efflorescent  in 
a dry  atmosphere ; when  heated,  they  fuse  in  their  Avater  of  crystalliza- 
tion, at  a temperature  beloAV  212°,  and  Avhen  this  is  expelled  by  the 
application  of  a sufficient  heat,  the  dry  alum  becomes  opaque  and  spongy, 
and  in  this  state  is  generally  termed  roche  almrt^  or  Avhen  further  dried, 
burnt  alum.  At  a temperature  of  140°,  alum  gradually  loses  18  atoms  of 
its  AA^ater  of  crystallization.  (Graham.)  When  long  retained  in  fusion 
at  212°,  it  loses  18*95  per  cent,  of  AA^ater,  and  ultimately  forms  a vitreous 
mass,  Avhich  retains  14  atoms  of  Avater : if  in  this  state  it  be  kept  at  a 
temperature  of  248°,  for  12  hours,  the  loss  of  Avater  amounts  to  about  38 
per  cent..,  and  it  forms  a porous  mass  retaining  5 atoms  of  AAmter;  in  this 
state  it  remains  unchanged  up  to  320° ; but  at  356°  it  sustains  a farther 
loss  of  Avater  amounting  on  the  Avhole  to  43*5  per  cent..,  so  that  the  residue 
only  retains  one  atom  of  Avater,  the  whole  of  which  is  not  exiDelled  under 
a temperature  approaching  to  redness.  (Hertavig,  Pogge?id.,  lv.  99). 
Burnt  alum  gradually  absorbs  Avater  from  the  atmosphere,  acquiring  about 
18  atoms  in  47  days.  When  freshly  prepared  anhydrous  alum  is  put 
into  AA'ater,  it  ajjpears  almost  insoluble  and  remains  for  a long  time  nearly 
unchanged;  but  if  j)reviously  exposed  for  fourteen  days  to  the  atmosphere 
it  then  dissolves  much  more  readily.  Alum  is  almost  insoluble  in  an 
aqueous  solution  of  tersulphate  of  alumina.  (Gmelin.)  At  a red-heat 
alum  first  loses  that  portion  of  its  acid  belonging  to  the  alumina,  and 
ultimately  the  sulphate  of  potassa  is  itself  decomposed  under  the  influence 
of  the  alumina,  Avhich  combines  with  the  potassa  and  displaces  the  sul- 
phuric acid.  When  pulverized  alum  is  triturated  with  oil  of  vitriol  it 
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evolves  Iieat  and  forms  a jiasty  mass  nhicli  concretes  on  cooling:  heated 
^vith  chloride  of  potassium  or  sodium  it  evolves  hydrochloric  acid.  AVhen 
a satuiated  solution  of  alum  is  boiled  Avith  chloride  of  potassium,  hydro- 
chloric acid  is  formed  and  a difficultly  soluble  basic  alum  deposited:  this 
change  is  more  difficultly  effected  with  chloride  of  sodium,  and  scarcely 
at  all  with  chloride  of  ammonium.  A solution  of  alum  with  nitre  and 
common  salt  dissolves  gold.  The  octohedral  crystals  of  alum  consist  of 


Sulphate  of  alumina 

Sulphate  of  potassa  

Water  

1 .. 
1 .. 
24  .. 

. 17-2  ... 

88  ... 

. 21G  ... 

36-13) 
18-48j  - 
45-39  .... 

Cl  rah  am. 

54-11 

45-89 

Crystallized  potasli-aluiii 

1 

470 

100-00 

100-00 

* of 

Berzelius. 

Thomson. 

Alumina 1 

52  . 

...  10-92 

....  10-76 

....  11-09 

Potassa  1 

48  . 

...  10-08 

9-95 

9-86 

Sulphuric  acid  4 

180  . 

...  33-68 

....  33-74 

....  32-85 

Water  24  .... 

21G  . 

...  45-32 

....  45-55 

....  46-20 

1 

47G 

100-00 

100-00 

100-00 

Cubic  Alum.  If  the  quantity  of  carbonate  of  soda  necessary  to  neu- 
tralize a portion  of  alum  be  divided  into  three  equal  portions,  and  added 
in  a gradual  manner  to  the  aluminous  solution,  it  will  he  found  that  the 
alumina  first  precipitated  is  redissolved  upon  stirring,  and  that  no  per- 
manent precipitate  is  produced  till  nearly  2 parts  of  alkaline  carbonate 
are  added.  It  is  in  the  condition  of  this  partially-neutralized  solution 
that  alum  is  generally  applied  as  a mordant  to  cloth.  Animal  charcoal 
readily  withdraws  the  excess  of  alumina  from  this  solution,  and  so  does 
vegetable  fibre,  probably  from  a similar  attraction  of  surface.  When 
this  solution  is  concentrated  by  evaporation,  alum  crystallizes  from  it, 
generally  in  the  cubic  form,  and  the  excess  of  alumina  is  precipitated. 
(Graham.)  If  hydrated  alumina  be  boiled  Avith  a solution  of  alum  an 
insoluble  double  salt  is  formed  rr  K0,S03 ; 3 [Al2  0.3,3803]  + 9HO. 
(Eiffault,  Ann.  Ch.  et  Pk.,  xvi.  355.)  A similarly  constituted  com- 
pound appears  to  exist  native  in  the  alumstone  of  Tolfa. 

Alum  is  a salt  of  extensive  use  in  the  arts,  more  especially  for  the 
preparation  of  mordants  employed  by  the  dyer  and  calico-printer;  it  is 
also  extensively  employed  in  preparing  and  preserving  skins;  in  pharmacy 
it  is  used  as  an  astringent  and  a styptic,  and  burnt  alum  is  a mild  escha- 
rotic.  It  is  necessary  for  many  purposes  that  alum  should  be  perfectly 
free  from  oxide  of  iron,  the  presence  of  Avhich  is  ascertained  by  the 
addition  of  excess  of  caustic  potassa,  and  heating  the  solution ; the  alu- 
mina is  taken  up,  but  the  oxide  of  iron  remains. 


IIoaiberg’s  Pyrophorus.  When  potassa-alum  is  ignited  Avith  char- 
coal, a spontaneously-infiammahle  comjmund  results,  Avhich  has  long 
been  knoAvn  under  the  name  of  IlomI)erg  s jnjrop/iorj/s.  Ihc  potassa  is 
decomposed  in  this  process,  along  Avith  the  acid  of  the  alum,  and  pyro- 
phorus is  probably  a compound  of  sulphur,  charcoal,  and  potassium,  Avitli 
alumina;  or  of  charcoal,  alumina,  and  sulphuret  of  potassium.  Pyro- 
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phoms  is  most  successfully  prepared  by  the  following  process.  Mix 
equal  parts  of  honey,  or  of  brown  sugar,  and  powdered  alum,  in  an  iron 
ladle,  melt  the  mixture  over  a fire,  and  keep  it  stirred  till  dry:  reduce 
the  dry  mass  to  powder,  and  introduce  it  into  a green  glass  phial  coated 
with  clay,  and  placed  in  a crucible  of  sand.  Give  the  whole  a red  heat, 
and  when  a blue  flame  appears  at  the  neck  of  the  phial,  allow  it  to  burn 
about  five  minutes ; then  remove  it  from  the  fire,  stop  the  phial,  and 
allow  it  to  cool,  taking  care  that  air  cannot  enter  it.  (See  Sulphate  of 
Pot  ass  a.) 


Sulphate  of  Alumina  and  Ammonia.  Ammonia-Alum.  NH4  0, 
S03;  AI2  03,3S03;  24HO.  This  salt  is  obtained  exactly  as  the  preceding, 
only  sulphate  of  ammonia  is  substituted  for  sulphate  of  potassa : its 
atomic  constitution  also  resembles  that  of  potash  alum,  and  it  is  so  similar 
in  other  respects,  that,  as  far  as  mere  appearance  and  more  obvious  pro- 
perties are  concerned,  the  two  salts  are  not  readily  distinguished.  It  is 
recognised  by  evolving  ammonia,  when  triturated  with  lime  or  potassa. 
This  variety  of  alum  was  formerly  much  in  use,  and  the  requisite  ammonia 
was  chiefly  derived  from  putrid  urine  : it  is  also  largely  prepared  with  the 
sulphate  of  ammonia  derived  from  gas  works.  (See  p.  399.)  When 
heated  it  loses  water,  then  ammonia,  and  at  a very  high  heat,  its  acid, 
the  residue  being  pure  alumina.  The  solubility  of  this  species  of  alum 
has  not  been  accurately  determined,  but  it  probably  is  not  widely  different 
from  that  of  potassa-alum : it  occasionally  occurs  native  in  certain  coal 
strata,  as  for  instance,  at  Tschermig  in  Bohemia.  Its  components  are 


Ammonia  

Alumina 

Sulphuric  acid 
Water 


1 

...  17  . 

...  3-721 

Sulphate  of  1 

1 .. 

..  57  ... 

. 12-55 

1 

...  52 

...  11-45 

ammonia  j 

4 

...  160  . 

...  35-27 

> = T ersulphate ) 
of  alumina  ) 

1 .. 

..  172  ... 

. 37-89 

25  . 

...  225  . 

...  49-561 

Water 

25  .. 

..  225  ... 

49-56 

Crystals  of  1 ^ 100-00  1 454  lOO’OO 

ammonia-alum  J 


Mans  (Poggend.^  xi.  81),  and  Riffault  (^Ann.  Ch,  et  Ph.^  xvi.  359), 
have  described  two  varieties  of  basic  ammonia-alum. 


Sulphate  of  Alumina  and  Soda.  Soda- Alum.  Na0,S03;  AI2 
03,.3S03;  24HO.  This  salt,  which  has  also  been  found  native  (Shepard, 
Sillimans  Amer.  Jotirn.^  xvi.  203),  is  formed  when  the  sulphate  of 
potassa  of  common  alum  is  replaced  by  sulphate  of  soda;  it  crystallizes 
in  octohedra,  which  are  less  hard,  smooth,  and  regular,  than  those  of 
potassa-alum;  their  sp.  gr.  is  1-6;  they  effloresce  in  dry  air,  and  at  llO'^ 
to  120°,  become  opaque  and  gradually  lose  their  water  of  crystallisation, 
the  whole  of  which  is  expelled  at  a red  heat,  and  the  residue  is  not 
perfectly  soluble  in  water.  (Ure,  Quart.  Journ.^  viii.  386.)  They 
dissolve  in  2-14  of  -water  at  55°,  and  in  their  own  weight  at  212°:  the 
hot  saturated  solution  concretes,  on  cooling,  into  a mass  of  imperfect 
crystals  : 'this  salt  is  insoluble  in  absolute  alcohol.  It  consists  of 
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Zcllner,  Tire.  Graham. 

Soda  1 ....  32  ....  C-95  ....  G-G7  ....  G'4G  ] 

Alumina  1 ....  52  ....  11-31  ....  11-00  ....  lO  /o  > ....  52-53 

Sulphuric  acid  4 ....  IGO  ....  34-78  ....  34-32  ....  34-00  J 

Water  24  ....  21G  ....  4G-9G  ....  48-01  ....  49-00  ....  47-47 


Crystallized  soda-alum  1 4G0  lOO'OO  100-00  100-23  100-00 


Sulphate  op  Alumina  and  Litiiia.  Litiiia-Alum.  L0,S03;  AI2 
03,3S03;  24HO.  When  an  aqueous  solution  of  sulphate  of  lithia  and 
tersulphate  of  alumina  is  subjected  to  spontaneous  evaporation  at  a tem- 
perature not  exceeding  52°,  it  yields  octohedral  and  rhombic  dodecahedral 
crystals  soluble  in  24  parts  of  cold,  and  0’87  of  boiling  Avater.  (Kras- 
LOVANSKY,  Schweiggei's  Journ.^  uiv.  349):  they  consist  of 

Lithia  1 ....  15  ....  3-38 

AliTuiina 1 ....  52  ....  II-7G 

Sulphuric  acid 4 ....  160  ....  38-11 

Water 24  ....  21G  ....  48-75 

Crystallized  lithia-alum  1 443  100-00 

Kraslovansky. 

Sulphate  of  lithia  1 ....  55  ....  12-41  ....  13-5G 

Tersulphate  of  alumina  ....  1 ....  172  ....  38-82  ....  35-83 

Water  24  ....  218  ....  48-77  ....  50-61 

1 443  100-00  100-00 


Sulphate  of  Alumina  and  Magnesia.  Magnbsia-Alum.  IMgO, 
S03;  A]2  03,3S03;  24HO.  This  salt  (containing,  according  to  Gmelin, 
25140)  is  found  native^  constituting  a species  of  plumose  alum:  it  con- 
tains 2T7  per  cent,  of  oxide  of  manganese:  it  has  been  analysed  by 
Stromeyer.  When  a mixed  solution  of  sulphate  of  magnesia  and  tersul- 
phate of  alumina  with  great  excess  of  acid  is  subjected  to  spontaneous 
evaporation  in  a rough  porcelain  basin,  it  forms  groups  of  acicular  crystals 
=;3  [MgO,S03]  + [AI2  03,3S03]  -f  36410.  (Klauer,  Ann.  der  Fharm., 
xiv.  264.) 


Sulphate  of  Alumina  and  Manganese.  MnO,S03;  AI2  03,3S03; 
24IIO  (25410?)  This  salt  occurs  native  in  transparent  silky  fibres,  much 
resembling  common  alum  in  taste  and  solubility,  but  not  crystallisablo 
in  octohedrons.  In  this  salt  MnO,4IO,  appears  to  be  equivalent  to  K(),  or 
to  NH4  O,  comparing  it  Avith  potassa-alum,  and  ammonia-alum.  (Ivane. 
Apjohn,  Poggend.,  xlIv.  471.) 


Sulphate  of  Alumina  and  Iron.  The  substance  knoAAm  under  the 
name  of  plumose  alum,  which  occasionally  forms  amianthine  silky  crystals 
or  fibres  upon  decomposing  pyritical  clay-slate,  is  of  A-ariablc  composition,^ 
but  appears  essentially  to  consist  of  sulphate  of  alumina  and  sulphate  of 
iron.  A specimen  analyzed  by  R.  Phillips  {Ann.  Phil.,  xxi.  6)  may 
be  represented  by  the  formula  6 [FeO,S03j [AI2  03,2S()3]  4-48110. 
Another  specimen,  analysed  by  Berthier,  and  the  so-called  mountain 
butter  (Bergbutter)  described  by  Brandes  {Schweiggers  Journ.,  xxxix. 
417)  may  be  represented  by  2[Fe0,S03]  -f  [AI2  03,3S03]  4-27410. 
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Another  variety  analyzed  by  Rammelsberg  (Poggend.^  xLiii.  399),  ap- 
pears to  be  a true  iron-alum^  and  similar  to  the  salt  obtained  by  Klauer, 
by  exposing  a mixed  solution  of  protosnlpbate  of  iron  and  tersnlpbate  of 
alumina,  with  great  excess  of  acid,  to  spontaneous  evaporation  {^Ann.  der 
Pharm.^  xix.  261):  its  formula  is  Fe0,S03 -1-A12  03,3803,  + 24HO. 
Bouis  {Journ.  de  Chim.  Med.^  xii.  628)  has  described  a ferro-magnesian 
sulphate  of  alumina  forming  a concretional  efflorescence  upon  a decom- 
posing pyritical  sebistus  : it  appears  to  be  re0,S03  4- Mg0,S03  + Al2  03, 
803 + J 5110.  (Gmelin,  HcmdbucJi^  iii.  262.)  When  freshly  precipi- 
tated hydrated  alumina  is  agitated  in  an  aqueous  solution  of  persulphate 
of  iron,  it  abstracts  the  whole  of  the  oxide  of  iron  and  the  greater  part 
of  the  sulphuric  acid,  leaving  a little  alumina  in  solution : if  there  be 
excess  of  the  salt  of  iron,  it  remains  unaltered.  The  resulting  compound 
after  having  been  washed  with  liot  Avater  is  readily  soluble  in  cold  dilute 
sulphuric  acid,  and  difficultly  so  in  dilute  hydrochloric  and  nitric  acid : a 
large  proportion  of  its  alumina  is  abstracted  when  it  is  digested  in  aqueous 
potassa.  (Ajsthon.  Buchner  s Beider  tor  mm  A) 

Seleniuret  of  Aluminum.  Mhen  selenium  and  aluminum  are. heated 
together  to  redness,  they  combine  with  ignition  and  form  a black  pul- 
verulent compound  which  evolves  hydroselenic  acid  Avhen  acted  upon  by 
Avater.  (AVohler.)  A solution  of  hydroseleniate  of  potassa  j)roduces  a 
flesh-colored  precipitate  Avith  salts  of  alumina,  Avhich  gives  off  selenium  at 
a red-heat.  (Berzelius.) 

8elenite  of  Alumina,  Al2  03,38e02,  is  insoluble,  and  produced 
Avhen  chloride  of  aluminum,  deprived  by  evaporation  of  excess  of  acid, 
is  dissolved  in  AA^ater  and  precipitated  by  selenite  of  ammonia.  A solu- 
tion of  alum  is  not  precipitated  by  selenious  acid,  a neutral  alkaline 
selenite  being  requisite.  The  precipitate  is  a Avhite  poAvder,  Avhich,  at  a 
red-heat,  first  loses  Avater  and  then  acid.  When  either  this  selenite,  or 
h3^drated  alumina,  is  dissolved  in  selenious  acid  and  the  solution  evapo- 
rated, a gum -like  colorless  transparent  salt  remains  AA'hich  is  Al2  03,68e02. 
(Berzelius.) 

Seleniate  of  Alumina,  Al2  03,38e03,  resembles  the  corresponding 
sulphate,  and  forms  similar  basic  salts.  (Berzelius.) 

PiiosriiURET  OF  Aluminum.  Heated  in  the  vapor  of  phosphorus 
aluminum  enters  into  ignition  and  produces  a grey  poAvder,  Avhich  is 
sloAA’ly  acted  upon  by  cold  Avater,  but  evolves  phosphuretted  hydrogen  in 
hot  water.  (Wohler.) 

IIypopiiosphite  OF  Alumina.  A cold  aqueous  solution  of  hypo- 
phosphorous  acid  saturated  Avith  h^Ylrated  alumina,  filtered,  and  evapo- 
rated in  A^acuo,  leaves  a Auscid  compound  Avhich,  exposed  to  dry  air, 
becomes  a brittle  gum-like  substance,  not  deliquescent:  heated  in  a 
retort,  it  evolves  iihosphuretted  hydrogen,  and  a reddish  substance  re- 
mains. (H.  Rose,  Poggend,,  xii.  86.) 

Phosphite  of  Alumina  is  thrown  down  on  adding  a solution  of  per- 
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cliloliJe  of  pliospliorus  saturated  ^yitIl  auiiiionla  to  a concentrated  solu- 
tion of  alum  : tlie  precipitate  at  first  redissolves,  but  after^yards  becomes 
peimanent,  and  is  increased  by  boding  tlie  fluid:  it  is  a Aylilte  powder, 
wliich  lieated  to  redness  in  a retort  gives  off  hydrogen  and  vapor  of 
phosphorus,  and  leaves  a white  residue.  (II*  Hose,  Pos^gend.,  ix.  39.) 

Phosphates  op  Alumina.  Common  phosphate  of  soda  gives  a gela- 
tinous precipitate  with  solution  of  alum,  which  dries  into  a Avhite  insipid 
powder,  insoluble  in  water  and  in  solution  of  sal-ammoniac,  but  soluble 
in  acids  and  in  solution  of  potassa.  When  fused  it  yields  a white  enamel. 
It  may  be  obtained  in  combination  with  different  proportions  of  water, 
exclusive  of  which  it  appears  to  be  Al2  0.‘t,P05.  When  its  solution  in 
an  acid  is  precipitated  by  excess  of  caustic  ammonia,  a more  basic 
compound  hills,  which  appears  to  be  4[Al2  O3]  3P05  + 18IIO.  A 

phosphate  of  alumina  — AI2  03,3P05,  has  not  been  as  yet  separately 
obtained.  The  mineral  known  under  the  name  of  JVavellile  (having 
been  originally  discovered  in  the  clay  slate  of  Devonshire,  by  Dr.  Wavell 
of  Barnstaple)  is  a hydr'aled  yhospliale  of  alumina^  being  according  to 
the  analysis  of  Fuchs,  3 AI2  03;  2P05,12II0.  Fluoride  of  aluminum  is 
considered  by  Berzelius  as  one  of  its  essential  constituents,  but  this  seems 
doubtful,  inasmuch  as  specimens  liave  been  found  which  contain  no  traces 
of  fluorine.  Berzelius  represents  it  by  the  formula  3 [4Al2  03,3P05] 
-f- AI2  F3 -h  18II0.  According  to  the  analysis  of  John  (Ann.  dcs  Mines., 
2 Ser.  iii.  231),  the  Turqnois  or  Calaile  is  a phosphate  of  alumina  z=2Al2 
03,P05  4-5110,  colored  by  oxide  of  copper,  and  occasionally  with  traces 
of  oxide  of  iron. 

Phosphate  of  Alumina  and  Ammonia  has  been  found  nalive  in  the 
form  of  an  earthy  powder  in  a volcanic  grotto  in  the  Isle  of  Bourbon. 
(Berzelius.) 

Phosphate  of  Alumina  and  Lithia  is  thrown  down  on  adding  a 
solution  of  a salt  of  alumina  to  phosphate  of  litliia.  It  has  not  been 
intelligibly  analysed.  Combined  with  fluoride  of  lithium  it  appears  to 
exist  in  a rare  mineral  found  near  ChursdorfF  in  Saxony,  and  termed 
A mhlygon  he.  (Berzelius.  ) 

Phosphate  of  Alumina  and  Magnesia  occurs  as  a hydrate  in  the 
mineral  termed  Luzidite  from  the  neighbourhood  of  Werfen  in  Saltz- 
burgh  : it  is  z=  2Mg0,P05  4-2A12  03, P05  4-2110.  (Fuciis.  Schweiggers 
Journ,,  xxiv.  373.) 

Carbonate  of  Alumina.  The  precipitate  which  falls  on  the  addi- 
tion of  a carbonated  alkali  to  a solution  of  a salt  of  alumina  is  not  cai- 
bonate  of  alumina,  but  alumina  retaining  a portion  of  the  caibonate 
employed.  Hydrate  of  alumina  is  sparingly  soluble  in  water  saturated 
with  carbonic  acid,  but  exposure  to  air  destroys  the  combination,  and  puie 
hydrated  alumina  falls ; so  that  no  carbonate  of  alumina  exists.  (Saus 
SURE,  Jour,  de  Phys.,  uii.  28.) 

Cvanide  of  Aluminu.m  appears  not  to  exist:  hydrated  alumina  is 
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insoluble  in  hydrocyanic  acid,  and  no  compound  has  been  obtained  by 
double  decomposition. 

SuLPiiocYANiDE  OF  Aluminum  crystallizcs  in  octohedra,  which  are 
persistent  in  the  air.  (Graham.)  According  to  Fammelsberg,  this  salt 
cannot  exist  except  in  solution,  and  its  supposed  crystals  are  those  of  alum. 

Borate  of  Alumina  may  be  formed  by  boiling  recently-precipitated 
alumina  with  excess  of  boracic  acid ; it  is  uncrystallizable,  and  of  a very 
astringent  taste.  At  a red-heat  it  fuses  into  a glass.  The  neutral  borate 
is  insoluble. 

Arseniate  of  Alumina.  This  salt  may  be  obtained  by  mixing  solu- 
tions of  alum  and  arseniate  of  soda;  it  is  a white  powder,  insoluble  in 
water  but  soluble  in  arsenic  acid. 

Chromate  of  Alumina  is  formed  by  digesting  hydrate  of  alumina  in 
chromic  acid,  and  neutralizing  excess  of  the  latter  by  ammonia;  or  by 
warming  chromate  of  baryta  in  a solution  of  sulphate  of  alumina,  or  of 
alum,  digesting  the  precipitate  in  dilute  hydrochloric  acid,  and  precipi- 
tating by  ammonia.  By  digesting  chromate  of  alumina  in  chromate  of 
potassa,  a chrome-alum  is  formed.  (G.  Sparkes.) 

Yanadiate  of  Alumina  is  a yellow  powder,  sparingly  soluble  in 
water. 

T'ellurate^  7nolyhdate^  tiingstaie^  columbate^  and  antimoniate  of  alumina 
are  insoluble  salts.  (Berzelius.) 

Alloys  of  Aluminum.  Aluminum  probably  exists  in  some  of  the 
varieties  of  cast-iron  and  steel.  By  fusing  highly- carburetted  steel  with 
alumina,  a peculiar  alloy  results,  which  is  white,  granular,  and  brittle, 
and  which  yields,  on  analysis,  6*4  per  cent,  alumina.  On  fusing  67  parts 
of  this  alloy  with  500  of  steel,  a compound  is  obtained  which  possesses 
all  the  characters  of  the  best  Bombay  wootz^  and  like  it,  when  its  surface 
is  polished  and  washed  over  with  dilute  sulphuric  acid,  exhibits  the 
striated  appearance  called  damask^  for  which  the  celebrated  sabres  of 
Damascus  are  remarkable,  and  which  renders  it  probable  that  they  also 
are  made  of  wootz.  {Qiiarlerly  Journal  of  Science  and  Arts^  ix.) 

Characters  of  the  Salts  of  Alumina.  These  salts  have  an 
astringent,  sweet,  and  subacid  taste,  and  redden  litmus : they  are  preci- 
pitated by  the  caustic  fixed  alkalis,  but  the  precipitate  is  redissolved  when 
they  are  added  in  excess.  The  precipitate  by  ammonia  is  not  soluble  to 
any  extent  in  excess  of  that  alkali.  The  alkaline  carbonates  throw  down 
hydrated  alumina,  with  the  escape  of  carbonic  acid,  and  the  precipitate  is 
nearly  insoluble  in  excess  of  the  precipitants.  Sulphate  of  potassa,  with  a 
little  sulphuric  acid,  added  to  a strong  solution  of  alumina,  throws  down 
a white  crystalline  powder,  which  is  alum:  phosphate  of  soda  produces 
a wdiite  flocculent  precipitate  of  phosphate  of  alumina.  Succinate  of 
ammonia  and  infusion  of  galls  occasion  precipitates  in  strong  aluminous 
solutions.  When  aluminous  substances  are  heated  by  the  blow-pipe  with 
nitrate  of  cobalt,  they  acquire  a blue  color,  which  is  only  distinctly  seen 
after  the  mixture  has  cooled,  and  by  daylight. 
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§ XLIII.  SILICIUM.  Si.  15. 

From  experiments  upon  the  action  of  potassium  upon  silica,  Sir  II. 
Davy  concluded  that  that  earth  consisted  of  a peculiar  inflammable  basis, 
combined  with  about  its  weight  of  oxygen,  and  he  called  the  basis  Siliciiim. 
This  estimate  of  the  composition  of  silica  was  deduced  from  the  quantity 
of  potassium  required  for  its  decomposition;  the  subject  has  since  received 
further  elucidation,  and  the  correctness  of  the  above  statement  has,  to  a 
great  extent,  been  confirmed.  {Fhil.  Trans.,  1808.) 

In  the  year  1824  silicium  was  obtained  in  its  pure  state  by  Berzelius, 
and  from  its  properties,  presently  to  be  described,  he  has  placed  it, 
perhaps  correctly,  among  the  simple  non-metallic  combustibles ; indeed, 
it  bears  a stong  resemblance  to  boron.  Before,  however,  vve  remove  it 
from  the  class  of  bodies  with  which  it  has  usually  been  associated,  it 
may  be  well  to  wait  till  its  general  characters  have  been  more  satisfactorily 
studied.  From  the  ample  account  of  this  substance,  given  by  Berzelius, 
the  following  details  are  chiefly  extracted. 

He  recommends,  as  the  best  source  'of  silicium,  the  silico-jiuoride  of 
polassinm,  which  is  prepared  by  passing  silico-fluoric  acid  into  a solution 
of  potassa,  evaporating  to  dryness,  and  heating  the  residue  nearly  but  not 
quite  to  redness.  The  salt  thus  obtained  is  to  be  well  mixed  with  eight 
or  nine-tenths  of  its  weight  of  potassium,  and  the  mixture  introduced 
into  a green  glass  tube  and  heated : before  it  acquires  a red-heat,  its  con- 
tents become  ignited,  in  consequence  of  the  chemical  action  that  ensues, 
and  a brown  mass  is  obtained,  consisting  of  fluoride  of  potassium,  siliciuret 
of  potassium,  and  a portion  of  the  undecomposed  salt:  this  is  thrown  into 
cold  water,  which  occasions  the  evolution  of  hydrogen,  resulting  from  the 
action  of  the  siliciuret,  the  potassium  of  which  is  converted  into  potassa, 
and  the  silicium  set  free.  When  the  effervescence  is  over,  and  the  fluid 
has  become  clear,  it  is  poured  off  from  the  residue,  which  is  again  washed, 
allowed  to  subside,  and  separated  by  decantation  as  before.  These  first 
washings  must  be  performed  wdth  cold  water,  otherwise  the  alkali  re-acts 
on  the  silicium,  w'hich,  however,  may  afterwards  be  thoroughly  edulcorated 
with  boiling  water.  It  remains  in  the  form  of  a dark-brown  powder, 
infusible,  and  a non-conductor  of  electricity.  Its  properties  are  remark- 
ably different  before  and  after  the  application  of  a red  heat : before  it  has 
been  heated  it  burns  easily  in  the  air ; but  the  superficial  formation  of 
silica  prevents  its  entire  combustion : in  oxygen  it  burns  brilliantly,  and 
however  carefully  prepared  it  always  produces  a little  moisture.  It  is 
not  acted  upon  either  by  sulphuric,  nitric,  or  nitrohydrochloric  acid, 
even  wdien  aided  by  heat;  hydrofluoric  acid  readily  dissolves  it,  evolving 
hydrogen;  it  is  also  dissolved  when  heated  in  a solution  of  caustic 
potassa.  Silicium,  after  it  has  been  heated,  (obtained,  for  instance,  by 
washing  that  which  has  been  partially  burned  in  the  air  with  dilute  lij'- 
drofluoric  acid,  to  remove  the  superficial  silica,)  sinks  in  sulphuric  acid,  is 
incombustible  before  the  blowpipe  and  in  oxygen,  and  is  not  acted  on  by 
liydrofluoric  acid,  nor  by  caustic  potassa;  but  it  is  easily  dissolved  in  a 
mixture  of  hydrofluoric  and  nitric  acids. 
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Silicium  may  be  perfectly  oxidized,  and  entirely  converted  into  silica 
or  silicic  acid^  by  mixing  it  with  dry  carbonate  of  potassa,  and  heating  to 
redness ; it  burns  at  the  expense  of  the  oxygen  of  the  carbonic  acid,  and 
a silicate  of  potassa  is  obtained.  Fused  nitrate  of  potassa  has  no  action 
upon  it,  but  the  addition  of  a little  dry  carbonate  of  potassa  causes 
immediate  deflagration : this  paradoxical  appearance  depends  upon  the 
circumstance  that  the  attraction  of  silicium  for  oxygen  is  influenced  by 
tlie  presence  of  the  alkali,  which  has  a high  attraction  for  silica:  just  as 
the  effect  of  zinc  upon  water  is  influenced  by  the  presence  of  an  acid 
having  an  attraction  for  the  oxide  of  zinc  about  to  be  produced.  Carbonic 
acid  is  so  weak  that  it  does  not  prevent  the  action  of  the  alkali : and  as 
silicium  has  a stronger  attraction  for  oxygen  than  carbon,  it  is  oxidized 
at  the  expense  of  the  carbonic  acid.  Nitric  acid,  on  the  other  hand,  is 
a strong  acid,  which  entirely  prevents  this  action  of  the  alkali  in  the 
saltpetre  upon  the  silicium ; and  silicium,  at  the  temperature  at  which 
saltpetre  fuses,  does  not  become  oxidized ; but  if  the  heat  be  raised  to 
whiteness,  the  silicium  is  then  speedily  oxidized  by  the  decomposition 
of  the  nitric  acid,  and  intense  combustion  ensues.  Heated  with  the 
hydrated  caustic  alkalis,  silicium  burns  in  the  oxygen  of  the  water  which 
they  contain.  (Berzelius.) 

The  equivalent  of  silicium  has  been  variously  estimated ; according 
to  Berzelius,  silica  is  composed  of  51 '6  oxygen,  and  48’4  silicium,  and 
regarding  it  as  a jn'otoocide^  this  would  give  7*5  as  the  equivalent  of 
silicium,  for  5F6  : 48*4  : : 8 : 7*5.  But  Berzelius  considers  silica  as  a 
compound  of  1 atom  of  base  + 3 oxygen,  hence  22*5  is  his  equivalent  of 
silicium,  and  silica  would  be  represented  by  Si03,  or  22*5  + 24  = 46*5. 
Others  regard  silica  as  a protoxide,  and  as  composed  of  equal  weights  of 
base  and  oxygen,  and  in  this  case  the  equivalent  of  silicium  has  been 
assumed  as  identical  with  that  of  oxygen,  or  8,  an  estimate  not  inconsis- 
tent Avith  many  good  analyses,  and  conveniently  applicable  to  the  silicioiis 
compounds.  Krihn  (^Sidchiometrie^  iii.),  and  Gaudin  {Ann.  Ch.  et  Ph.^ 
Lii.  125),  haA^e  represented  silica  as  containing  one  atom  of  base  + 2 of 
oxA'gen,  a vieAV  Avhich  has  been  adopted  by  L.  Gmelin  {Hcmdbuch,  ed. 
1844,  ii.  399),  and  Avhich,  as  he  observes,  recommends  itself  by  the  sim- 
plicity of  the  formula}  AAdilcli  arise  out  of  it,  as  applicable  to  the  natural 
and  artificial  silicious  compounds ; upon  these  and  other  grounds,  Avhich 
Avill  appear  in  the  sequel,  I have  adopted  this  vieAv  of  the  composition  of 
silica,  and  shall  consider  the  equivalent  of  silicium  as  = 15,  and  silica  as 
Si02. 

Oxide  of  Silicium.  Silica.  Silicic  Acid.  Si02.  This,  Avhich  is 
the  only  knoAvn  combination  of  silicium  Avith  oxygen,  is  a very  abundant 
natural  product ; it  exists  pure  in  some  varieties  of  rock-crystal.^  and 
nearly  pure  in  jUnt"^.  It  may  be  obtained  by  beating  colorless  rock- 


* The  following  are  the  principal  mine- 
rals containing  silica  pure  or  nearly  so. 

i.  lloctc -crystal,  or  Quartz,  which  may 
be  considered  as  pure  silica.  It  crystal- 
lizes in  the  form  of  a six-sided  prism, 
ended  by  six-sided  pyramids;  some  varie- 
ties are  perfectly  transparent  and  color- 
less; others  white  and  more  or  less  opaque. 


Its  specific  gravity  is  2'6.  It  is  so  hard 
as  to  give  sparks  when  struck  with  steel, 
and  is  nearly  infusible.  The  primitive 
crystal,  which  is  very  rare,  is  an  obtuse 
rhomboid,  the  angles  of  which  are  94^^  24', 
and  85®  30'.  The  finest  specimens  are 
brought  from  Madagascar  and  the  Alps. 
The  perfectly  transparent  crystals  found 
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crystal  to  redness,  quencliing  it  in  water,  and  reducing  it  to  a fine  powder; 
in  this  state  it  is  silica  almost  perfectly  pure.  Fuse  1 part  of  this  powder 
with  3 of  carbonate  of  potassa  in  a silver  or  platinum  crucible.  Dissolve 
the  resulting  mass  in  water,  add  slight  excess  of  hydrochloric  acid,  and 
evaporate  to  dryness.  Wash  the  dry  mass  in  boiling  distilled  water  upon 
a filter,  and  the  white  substance  which  remains  is  silica.  This  is  the 
usual  process ; but  the  earth  obtained  liy  simply  reducing  the  colorless 
lock-crystal  to  powder  is  generally  very  pure,  though  it  may  sometimes 
contain  traces  ot  oxide  of  iron  and  manganese,  and  of  alumina.  A very 
pure  silica  may  also  he  obtained,  by  the  fusion  of  fine  white  sand,  or 
powdered  rock-crystal,  with  carbonate  of  lime  : the  resulting  compound 
of  lime  and  sikca  may  be  decomposed  by  dilute  hydrochloric  acid,  and  the 
product,  after  having  been  duly  washed,  is  silica  in  the  form  of  a light 
powder.  hen  gaseous  fluoride  of  silicium  (fluosilicic  acid)  is  passed 
into  water,  the  silica  which  is  precipitated,  after  having  been  washed  and 
dried,  is  also  very  pure,  and  in  a state  of  extreme  mechanical  division. 

Silica,  in  its  ordinary  state,  is  a harsh  white  insipid  powder,  insoluble 
in  water  and  in  most  other  solvents;  it  has  no  action  upon  vegetable 
colors,  and  is  infusible  except  in  the  intense  heat  of  the  flame  of  a spirit- 
lamp,  urged  by  the  oxygen  blow-pipe:  it  then  melts  with  difficulty  into  a 
colorless  globule,  and  admits  of  being  draAvn  into  filaments,  like  glass. 
Its  specific  gravity  is  2‘66.  It  has  been  stated  by  Jeffreys,  that  at  a very 


near  Bristol  and  in  Cornwall,  are  sometimes 
called  Bristol  and  Cornish  diamonds.  The 
fine  crystals  are  cut  into  ornaments,  and 
sometimes  used  as  a substitute  for  glass  in 
spectacles ; they  are  then  termed  pebbles, 
and  do  not  so  readily  become  scratched  as 
glass. 

Brown  and  yellow  crystals  of  quartz  are 
found  in  great  beauty  in  the  mountain  of 
Cairn  Gorm,  in  Scotland,  and  are  much 
admired  for  seal-stones,  &c. ; they  are 
sometimes  improperly  termed  topazes. 

Purple  quartz  or  amethyst,  is  tinged 
with  a little  iron  and  manganese.  Rose- 
quartz  derives  its  color  from  manganese. 
Prase  or  green  quartz,  contains  actinolite ; 
and  chrysojyrase  is  tinged  of  a delicate 
apple-green  by  oxide  of  nickel.  Avantu- 
rine  is  a beautiful  variety  of  quartz,  of  a 
rich  brown  color,  which,  from  a peculiar- 
ity of  texture,  appears  filled  with  bright 
spangles:  the  finest  specimens  are  from 
Spain:  it  is  often  imitated.  Small  crystals 
of  quartz,  tinged  with  iron,  are  found  in 
Spain,  and  have  been  termed  hyacinths  of 
Compostella. 

ii.  Flint,  Chalcedony , Carnelian,  Onyx, 
Sardonyx,  and  Bloodstone,  or  Heliotrope, 
and  the  numerous  varieties  of  Agates, 
are  principally  composed  of  quartz,  with 
various  tinging  materials. 

hi.  Opal  is  among  the  most  beautiful 
productions  of  the  mineral  world ; it  is 
a compound  of  about  90  silica  and  10 
water,  and  is  distinguished  by  its  very 
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brilliant  play  of  colors.  The  finest  spe- 
cimens come  exclusively  from  Hungary. 
There  is  a variety  of  opal  called  hydro- 
phane,  which  is  white  and  opaque  till 
immersed  in  water ; it  then  resembles  the 
former.  The  proportion  of  water  with 
which  silica  is  combined  in  the  different 
varieties  of  opal  is  liable  to  so  much  fluc- 
tuation, that  they  can  scarcely  be  regarded 
as  definite  hydrates. 

Common  opal  is  usually  of  a dirty  white, 
and  does  not  exhibit  the  colors  ot  the  noble 
opal ; it  contains  silica  and  water,  with  a 
little  oxide  of  iron,  and  is  not  of  unfrequent 
occurrence.  The  substance  called  menilite 
from  Menil  Montant,  near  Paris,  is  nearly 
allied  to  common  opal.  It  is  found  in 
irregular  masses  in  a bed  of  clay. 

iv.  Pitchstone,  so  called  from  its  re- 
sinous appearance,  contains  psr  cent,  of 
silica.  Obsidian,  a volcanic  product,  con- 
tains 78  per  cent,  of  silica,  and  much  re- 
sembles glass  in  appearance,  and  the  dif- 
ferent kinds  of  pumice  are  nearly  of  similar 
composition. 

V.  The  substance  called  mineral  four 
{BergmehT)  appears  from  Dr.  Traill’s 
analysis  to  consist  chiefly  of  silica  mixed 
with  organic  matter;  such  at  least  was  the 
case  with  a specimen  which  he  analj  sed 
from  West  Bothnia  on  the  confines  of 
Swedish  La})land.  [Edinb.  Phil,  leans., 
XV.  115.)  It  contained,  when  dried,  22-00 
organic  matter,  71 '13  silica,  5-31  alumina, 
O'lo  oxide  of  iron  (loss  1'41). 
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liigli  temperature  steam  carries  off  silica  in  the  state  of  vapor,  thus  esta- 
blishing an  analogy  between  silica  and  boracic  acid. 

When  recently  precipitated,  and  in  tlie  state  of  hydrate^  silica  is  to  a 
certain  extent  soluble  in  water  and  in  the  acids.  The  aqueous  solution  is 
tasteless,  and,  when  evaporated,  deposits  gelatinous  silica,  which,  on  being 
dried,  becomes  again  quite  insoluble.  The  acid  solutions  exhibit  no 
indication  of  saline  combination,  but  when  evaporated  leave  pure  silica. 
Silica  is  often  found  in  spring  and  mineral  Avaters;  and  in  some 
of  the  boiling  or  hot  springs  of  Iceland  it  is  contained  in  such  quan- 
tities as  to  be  deposited  by  them  in  the  form  of  a porous  incrustation. 
In  combination  with  bases  silica  performs  the  part  of  an  acid,  which, 
though  under  ordinary  circumstances  extremely  feeble,  exhibits  high  affi- 
nities at  elevated  temperatures,  and  at  a red-heat  not  only  the  carbonates, 
but  many  of  the  sulphates  are  decomposed  by  it.  According  to  the  view 
of  the  atomic  constitution  of  silica  above  suggested,  it  Avill  consist  of 

Berzelius,  H.  Rose.  Stromeyer. 

Siliciiim  1 ....  15  ....  48-39  ....  48-3  ....  4972  ....  46 

Oxygen  2 ....  16  ....  51-61  ....  51-7  ....  50-28  ....  54 

Silica  1 31  100-00  100-0  100-00  100 

Chloride  of  Silicium.  SiCl2.  Silicium  burns,  when  heated  in 
chlorine,  or  when  a current  of  chlorine  is  passed  over  red-hot  silicium  in 
a porcelain  tube,  and  a fuming  liquid  is  the  result,  of  a yelloAv  color, 
extremely  volatile  and  irritating  to  the  nose  and  eyes,  and  which,  exposed 
to  moist  air,  forms  hydrochloric  acid  and  silica.  Dropped  into  AAmter 
it  first  floats  upon  that  fluid,  and  is  then  dissolved,  depositing-  gelati- 
nous silica:  hydrochloric  acid  is  also  formed.  When  potassium  is 
heated  in  its  vapor,  it  burns  Avith  the  production  of  siliciuret  and  chloride 
of  potassium.  (Berzelius.)  Chloride  of  silicium  may  also  be  obtained 
by  passing  dry  chlorine  over  an  intimate  mixture  of  silica  and  finely- 
divided  charcoal  in  a red-hot  porcelain  tube:  the  chloride  may  be  con- 
densed in  a properly- cooled  receiver;  as  it  generally  contains  excess  of 
chlorine  it  may  be  agitated  Avith  a little  dry  mercury  and  redistilled. 
(Oersted.  Dumas.  Ann.  Ch.  et  Ph.^  xxxiii.  267-)  It  does  not  congeal 
at  0°:  it  boils  at  about  122°.  (Serullas.)  Its  components  are 

Berzelius. 

Silicium  1 ....  15  ....  17-24  ....  17-3 

Chlorine 2 ....  72  ....  82-76  ....  82-7 

Chloride  of  silicium  1 87  100-00  100-0 

LjBide  of  Silicium  has  not  been  formed. 

Bromide  of  Silicium,  SiBr2,  is  obtained  by  passing  the  vapor  of 
bromine  over  heated  silicium  : it  is  a colorless  fuming  liquid,  heavier  than 
sulphuric  acid.  It  congeals  at  10°  and  boils  at  300°.  It  is  decomposed 
Avhen  gently  heated  Avith  potassium,  Avith  explosive  Auolence:  AA-ater  con- 
verts it  into  hydrobromic  acid  and  silica.  It  may  also  be  obtained  by 
passing  bromine  vapor  gradually  through  a red-hot  porcelain  tube,  con- 
taining fragments  of  a compound  formed  by  heating  to  redness  in  a 
covered  crucible  a pasty  mixture  of  silica,  lampblack,  sugar,  and  oil,  in 
such  proportions  that  the  charcoal  is  at  least  equal  in  Aveight  to  half  that 
of  the  silica:  a tubulated  receiAXw  surrounded  by  ice  should  be  annexed 


FLUORIDE  OF  SILICIUJL 


112;' 


L) 


riorrifn"]? carbonic  oxide  produced  during  the  opera- 
tion si, ould  be  alloiyed  to  escape  through  a long  tube  drawn®  r t i iT- 

miall  opening  and  inserted  into  the  tubulure.  The  product  obtained  is 

'rao  mfon  ;:T  ’f’f  '"r'  latter'nia.t  Id“ed 

(Serui,\^  //  " 'Ctoih  with  mercury,  and  the  former  distilled  off. 

(bERULLAS,  Jnn.  Ck.  cl  Ph.,  Viii.  1;  Phil.  Mag.  and  Ann.,  xi.  395.) 

Z Acid.  Silicated  Firouic 

tlie  h'vdmfln  ■ • C’CEgetically  upon  silica  is 

Rie  1‘jdiofluoric  acid:  the  result  of  this  action  is  a gaseLs  compound. 

01  o tf ’ i of  P»'™'>2ed  fluor  spar  and  3 of  powdered^ glass, 

nniu  f ,‘"1:  ««  'veil  mixed  in  a retort  with  abtt  5 

paits  of  oil  of  vitriol;  the  gas  evolved  is  to  be  collected  over  mercury, 

and  when  its  production  slackens,  it  may  be  accelerated  by  a gentle  heat! 

le  nieicmy  and  the  glass  vessels  employed  must  be  quite  dry,  for  if  in 
Jie  least  clamp,  the j acquire  an  immovable  film  of  silica.  This  decompo- 
sition depends  upon  the  evolution  of  hydrofluoric  acid  and  its  action  upon 

silicium  being  the  ultimate  results. 

V iOl  -r  ^HF  _ 01F2  + 2H0.  The  hydrofluoric  acid  is  derived  from  the 
the  aqueous  sulphuric  acid  on  the  fluoride  of  calcium;  CaF  + 
S03,H0  — HF  4-  Ca0,S03. 

Ihese  changes  are  further  shown  in  the  following  diagrams; 

llydrojluoric  Acid 


Fluoride 

OF 

Calcium 

39 


Fluorine  , Hydrogen 
19  1 


Water 

18 


Water 

9 


Calcium  . Oxygen 
20 


8 


Lime 

28 


+ 


Sulphuric 
Acid,  40 


Aqueous 

Sulphuric 

Acid 

49 


Hydro- 

fluoric 

Acid 

40 


Hydrogen  . Oxygen 
2 "*"16 


Fluorine  , Silicium 

+ 


Silica 

31 


38 


15 


Sulphate  of  Lime 
63 


Fhioride  of  Silicium 
53 


Fluoride  of  silicium  is  a colorless  gas;  its  odor  is  acrid,  somewhat 
resembling  that  of  hydrochloric  acid;  its  taste  very  sour;  its  specific  gra- 
vity is  3*6  compared  with  air:  100  cubic  inches  weigh  nearly  112  grains. 
It  extinguishes  the  flame  of  a taper.  It  produces  white  fumes  when  in 
contact  with  damp  air,  and  when  exposed  to  water  it  is  absorbed,  and  a 
soluble  compound  of  silica  w’ith  hydrofluoric  acid  is  formed,  whilst  'a 
quantity  of  silica  is  at  the  same  time  precipitated.  According  to  Berze- 
lius, one-third  of  the  silica  of  the  gas  is  deposited  in  the  state  of  gelati- 
nous hydrate,  and  the  compound  retained  in  solution  consists  of  2 atoms 
of  silica  and  3 of  hydrofluoric  acid ; the  action,  therefore,  of  3 atoms  of 
fluoride  of  silicium  upon  6 of  water  may  be  represented  thus.  3SiF2  -f- 
6110  “ Si02  -f  2[Si02,3nFJ.  If  the  beak  of  the  retort  from  which  the 
gas  is  issuing  be  plunged  into  a basin  of  water,  it  is  soon  choked  by  the 
copious  deposit  of  hydrated  silica,  wdiich  sometimes  forms  tubes  through 
the  water,  by  which  tlie  gas  escapes  directly  into  the  air.  V\  hen  it  is 
intended  to  saturate  water  with  the  gas  (it  takes  up  about  260  volumes), 
this  effect  may  be  prevented  by  agitation,  or  better  by  suffering  the  gas  to 
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escape  through  a stratum  of  mercury  into  water  above  it.  Water  thus 
saturated  becomes  a gelatinous  mass,  from  which  the  acid  liquor  may  be 
separated,  by  placing  it,  without  pressure,  upon  a linen  filter.  When  this 
acid  liquor  is  saturated  with  the  fixed  alkalis,  it  becomes  gelatinous, 
hut  not  turbid:  with  barytic  salts  it  soon  deposits  a white  precipitate. 

Fluoride  of  silicium  consists  of 


J.  Davy.  Berzelius. 

Silicium  1 ....  15  ....  28-3  ....  30*7  ....  28-32 

Fluorine  2 ....  38  ....  7r'7  ....  69-3  ....  71-68 


Fluoride  of  silicium,...  1 53  lOO’O  100-0  100-00 

Hydrofluosilicic  Acid  is  one  of  the  results  of  the  above  described 
action  of  fluoride  of  silicium  on  water.  It  may  also  he  formed  by  satu- 
rating hydrofluoric  acid  diluted  with  2 or  3 parts  of  water,  with  silica : 
if  the  acid  he  not  sufficiently  diluted,  fluoride  of  silicium  is  evolved. 
Different  views  may  he  taken  of  the  nature  of  the  compound  thus 
formed  and  held  in  aqueous  solution.  Grnelin  states  these  as  follows  : — ■ 

( 1 ) (2  ) (3) 


HF 

20 

Si02  

31 

IIO,HF 

...  29 

SiF2  

53 

3HF  

60 

Si02,2lIF 

...  71 

73 

91 

100 

According  to  (1)  the  hydrofluosllic  acid  represents  a metallic  silicofluo- 
ride,  in  which  the  atom  of  metal  is  replaced  by  an  atom  of  hydrogen ; 
according  to  (2)  it  is  a terhydrofluate  of  silica;  and  according  to  (3,)  it  is 
a hydrated  silicofluoride,  if  it  be  assumed  that  with  water  it  would  yield  a 
hydrofluosilicate  of  a metallic  oxide;  for  example,  KF,SiF2  + 3HO=:KO, 
HF  -f  Si02,2HF.  In  this  case,  to  form  the  h^ffirofluosilicic  acid,  the  metal- 
lic oxide  KO  is  replaced  by  HO,  But  it  must  be  recollected  that  the  hydro- 
fluosilicic  acid  cannot  he  so  far  deprived  of  water  as  above  represented; 
in  its  most  concentrated  state  it  contains,  according  to  Berzelius,  3 atoms 
more  of  water  than  in  (3),  being,  namely,  HO,HF  -f  Si02,2HF  -j-  3HO. 

Silicofluoride  op  Ammonia.  NH3,SiF2.  1 volume  of  gaseous 
fluoride  of  silicium  condenses  2 volumes  of  ammonia,  forming  a white 
volatile  pulverulent  compound:  in  water  it  deposits  silica,  and  yields 
hydrofluosilicate  of  ammonia.  (J.  Davy.) 

Silicofluoride  of  Hydrofluate  of  Ammonia,  NH3,FIF  -f  SiF2,  is 
obtained  in  the  form  of  a white  sublimate  by  heating  an  intimate  mixture 
of  sal-ammoniac  with  silicofluoride  of  potassium  or  of  sodium:  it  is  also 
produced  by  neutralizing  hydrofluosilicic  acid  with  dilute  ammonia : it 
forms  hydrated  prisms  of  a saline  taste  and  reddening  litmus. 

Silicofluoride  of  Potassium,  KF,SiF2,  is  formed  by  passing  slllcated 
fluoric  acid  into  a solution  of  potassa;  it  falls  in  the  form  of  an  iridescent 
jelly,  which  dries  into  a white  powder,  very  sparingly  soluble  in  boiling 
water,  and  yielding  minute  anhydrous  crystals.  It  a]3pears  that  in  the 
formation  of  this  salt  the  potassa  acting  on  the  hydrofluoric  acid  forms 
fluoride  of  potassium,  which  combines  with  the  fluoride  of  silicium. 
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This  sliicofluorlde  consists  of 


Potassium  i _ _ 49  ^ ^ 

Silicium 1 _ 15  13'30 

Fluorine 3 ....  57 


Silicofluoride  of  potassium  1 112  lOO’OO 

SiLicoFLUoniDE  OF  SoDiUM,  Ncir,SiF2,  IS  ohtciincd  in  the  some  way 
as  the  potassium  salt,  but  falls  more  readily,  and  is  not  iridescent:  it  is 
more  soluble,  especially  in  hot  water.  It  may  be  obtained  in  small 
shining  crystals,  which  are  anhydrous  hexangular  prisms.  It  consists  of 


Sodium 1 ....  24  ....  25-00 

Silicium  1 ....  15  ....  i5-(;2 

Fluorine  3 ....  57  ....  59-33 


Silicofluoride  of  sodium 1 9G  lOO’OO 

SILICOFLUOKIDE  OF  LiTHiUM,  LF,SiF2,  forms  microscopic  six-sided 
prisms,  scarcely  soluble  in  pure  -svater,  but  soluble  in  dilute  acids.  (Ber- 
zelius.) 

Silicofluoride  of  Calcium,  CaF,SiF2,  is  formed  by  digesting  car- 
bonate of  lime  in  aqueous  hydrofluosilicic  acid;  also  by  digesting  pow- 
dered fluor  spar  and  silica  in  dilute  hydrofluoric  acid:  on  evaporation 
four-sided  prisms  are  obtained,  containing  between  16  and  17  pe?'  coit,  of 
wuter,  and  being  therefore  CaF,SiF2,2I10.  (Berzelius.) 

Silicofluoride  of  Barium,  BaF,SiF2,  is  gradually  precipitated 
wdien  silicofluoric  acid  is  mixed  with  chloride  of  barium,  in  anhydrous 
microscopic  crystals,  of  ditflcult  solubility  in  water. 

The  silicojiuorides  of  stronlmm^  magnesium^  and  lead^  are  formed  by 
dissolving  their  carbonates  in  silicofluoric  acid.  The  salts  of  magnesium 
and  of  lead  are  very  soluble.  The  sill cofuor ides  of  manganese^  iron^ 
zinc^  cobalt^  nicbel^  and  copper^  are  soluble  in  -svater,  and  crystallize  in 
similar  hexagonal  prisms,  probably  isomorphous. 

Sulphuret  of  Silicium.  SiS2.  Silicium,  when  heated  Intensely, 
burns  brilliantly  in  the  vapor  of  sulphur,  and  a nhite  earthy  compound 
is  the  result,  which  is  not  affected  by  dry  air,  and  M’hen  heated  to  redness 
is  slowly  decomposed,  Avith  the  production  of  sulphurous  acid.  It  is 
rapidly  decomposed  by  Avater;  in  moist  air  it  exhales  sulphuretted  hydro- 
gen, and  that  gas  is  abundantly  evolved  by  its  action  on  Avater,  Avhilst  the 
silica  is  retained  in  aqueous  solution,  and  no  sulphur  is  deposited.  Sul- 
phuret of  silicium  is  composed,  according  to  Berzelius,  of  30  silicium  and 
70  sulphur,  pe7'  cent, 

PnosPHURET  OF  SiLiciUM  has  not  been  formed : Avhen  silicium  is 
heated  in  the  A’apor  of  phosphorus  no  combination  ensues.  (Berzelius.) 

Carburet  of  Silicium.  When  the  potassium  employed  in  the 
reduction  of  silica  contains  carbon,  the  resulting  silicium  is  partly  in  the 
state  of  carburet;  it  has  a dark  color,  and  gives  off  carbonic  acid  aaIich 
burned. 
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Alloys  op  Silicium.  Berzelius  remarks  that  silicium  only  combines 
with  the  metals  when  in  its  nascent  state,  and  that  when  once  insulated 
no  such  compounds  can  be  formed.  When  silica  is  reduced  in  contact 
of  platinum,  it  becomes  penetrated  by  silicium;  but  silicium  may  after- 
wards be  heated  white-hot  in  a platinum  crucible  without  any  such 
effect. 

Silicates.  It  is  obvious  from  the  preceding  statement,  that  there 
are  no  salts,  properly  so  termed,  in  which  the  oxy-acids  are  combined 
with  silica,  but  that  silicium  forms  haloid  compounds.  But  silica  readily 
combines,  in  the  manner  of  an  oxide  or  acid,  -with  many  of  the  salifiable 
bases;  hence  the  term  silicic  acid  applied  to  it,  and  silicates  to  its  com- 
pounds. Of  these  compounds  several  are  most  importantly  useful,  and 
many  of  them  are  found  as  natural  products,  forming  crystallized  minerals, 
and  parts  of  the  strata  or  rocks  that  constitute  the  exterior  crust  of  the 
globe.  (See  Fournet,  Siir  la  Crystallization  des  Silicates  Vitreux^  (^c., 
Ann.  Ch.  et  Ph..^  3 Ser,  iv.  370.)  Glass,  pottery,  and  porcelain,  in  all  their 
varieties,  are  combinations  of  silica,  and  it  is  an  essential  ingredient  in 
soils.  I shall  first  describe  some  of  the  best  defined  silicates,  and  then 
briefly  advert  to  the  manufacture  of  glass,  and  of  the  different  kinds  of 
porcelain  and  pottery. 

Silicates  of  Potassa.  When  silica  is  fused  with  excess  of  carbonate 
of  potassa,  the  oxygen  in  the  carbonio  acid  expelled  is  equal  to  that  of 
the  silica;  thus  I atom  of  silica  =;Si02  expels  1 of  carbonic  acid  — C02. 
(H.  Bose.)  31  parts  of  silica  fused  with  78  carbonate  of  potassa,  pro- 
duce therefore  the  neutral  silicate  of  jjotassa,  composed  of 

Potassa  1 ....  48  ....  60'76 

Silica  1 ....  31  ....  39-24 

Neutral  silicate  of  potassa 1 79  100-00 

When  1 part  of  silica  and  4 of  caustic  potassa  are  fused  together, 
and  slowly  cooled,  a part  of  the  compound  may  be  poured  out  of  the 
crucible  before  the  whole  has  solidified,  and  pearly  crystals  of  a silicate  of 
potassa  are  formed  in  the  re.siduai-y  portion.  (Berzelius.)  These  silicates 
are  soluble  in  water,  forming  the  liquor  silictnn  of  the  older  chemists.  A 
similar  solution  may  be  obtained  by  digesting  gelatinous  hydrate  of 
silica,  or  very  finely-divided  silica,  in  solution  of  potassa.  The  silica  is 
thrown  down  from  these  solutions  in  the  gelatinous  state,  by  the  acids. 
If  an  insufficiency  of  acid  be  added,  the  precipitate  retains  potassa;  an 
excess  of  acid  throws  down  the  gelatinous  hydrate,  but  a portion  of  silica 
remains  in  the  solution,  which  is  greater  in  proportion  to  the  excess  of 
acid  and  its  state  of  dilution.  (Dalton.)  In  very  dilute  solutions  a 
considerable  proportion  of  silica  may  thus  be  permanently  retained.  The 
salts  of  ammonia  also  precipitate  the  solution  of  silicate  of  potassa, 
inasmuch  as  their  acid  combines  with  the  potassa,  while  ammonia  is  set 
free.  Baryta,  strontia,  and  lime  water,  and  a solution  of  alumina  in 
potassa,  produce,  when  added  to  a solution  of  silicate  of  potassa,  precipi- 
tates of  double  silicates  (of  potassa  and  the  other  base),  while  the  excess 
of  potassa  is  found  free  in  the  liquor.  (Guyton  Morveau,  Ann.  de 
Chhn.^  xxxi.  246.) 
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Bisiucate  of  I’OTASSA.  K(),2Si02.  When  .-ihout  half  ifs  hulk  of 
alcohol  IS  added  to  a solution  of  gelatinous  silica  in  excess  of  hot  solution 
of  potassa,  the  hisilicate  separates  underneath  the  alcoholic  stratum, 
^vhlch  IS  to  be  poured  off,  and  the  heavier  portion  diluted  with  water  and 
again  mixed  with  alcohol,  and  set  aside  for  24  hours:  the  lower  layer 
separated  and  dried,  is  a bisilicate,  (Fouciiammek.  Posisejid.  xxxr  *^3^) 
composed  or 


Forcliaminer. 

-t^otassa  1 ....  4s  ....  43-()4  ....  44*77 

^iiica  2 ....  02  ....  5G-o()  ....  6o-23 


Bisilicate  of  pota,ssa  1 lio  lOO'OO  lOO-OO 


Quatersilicate  of  Potassa,  K0,4Si02,  is  obtained  by  fusing  a 
mixture  of  15  parts  of  pulverized  quartz,  and  10  of  carbonate  of  potassa, 
into  a perfect  glass,  reducing  it  to  powder,  and  boiling  it  till  dissolved,  (for 
about  4 hours,)  in  5 times  its  weight  of  water.  (Fuchs.  Schweigger’s 
Journ.^  xxiv.  378.)  When  aqueous  solution  of  potassa  is  saturated  with 
freshly  precipitated  hydrated  silica  this  compound  is  also  formed,  and  on 
evaporating  the  solution  and  fusing  the  residue,  it  remains  in  the  form  of 
a hard  transparent  glas.  (Forciiammer.)  It  is  composed  of 


Forcliammer. 

Potassa  1 ....  48  ....  27-01  ....  28-48 

Silica  4 ....  124  ....  72-00  ....  71*57 


Quatersilicate  of  potassa  1 172  100-00  100*00 

A concentrated  acjueous  solution  of  this  compound,  has  the  specific 
gravity  F25;  it  is  syrupy  and  viscid,  and  does  not  absorb  carbonic  acid 
from  the  atmosphere,  which  it  does  when  dilute;  it  becomes  covered  by  a 
tough  film  when  exposed  to  air,  and  when  applied  as  a varnish  to  wood 
and  other  materials,  it  dries  upon  them,  and  greatly  diminishes  their 
inflammability.  It  has  thus  been  used  for  the  scenery  of  theatres,  applied 
as  a ground,  mixed  Avith  chalk  or  other  body-color,  to  the  wood  or  canvas, 
previous  to  its  being  painted  upon.  When  a solution  of  this  silicate  is 
mixed  with  alcohol,  and  the  precipitate  Avashed  Avith  dilute  alcohol  till  it 
no  longer  abstracts  alkali,  the  residue  is  ocloPilicale  — K0,8Si02;  and 
Avhen  this  is  boiled  in  Avater,  the  residue  is  K0,18Si02.  (Forciiammer.) 

Silicates  of  Soda.  The  compounds  of  silica  and  soda  are  analogous 
to  the  preceding,  but  as  carbonate  of  soda  is  not  deliquescent,  some  of  the 
soluble  vitreous  compounds  Avhich  it  forms  effloresce  on  exposure,  instead 
of  running  into  a liquid,  or  remaining  moist  upon  the  surface.  A solution 
of  silica  in  soda  has  been  employed  as  an  addition  to  soap;  it  is  said  to 
improve  its  detergent  poAA'Ors.  Silicates  of  soda  ahvays  haAm  a greenish 
or  bluish  tint,  lioAveA-er  pure  the  materials  used  in  their  production,  and 
this  is  an  obstacle  to  the  substitution  of  soda  for  potassa  in  certain  kinds 
of  glass. 

A neutral  silicaie  of  society  ]NaO,Si02,  is  formed  by  the  fusion  of  a 
mixture  of  31  parts  of  silica  AA’ith  54  of  anhydrous  caibonate  of  soda. 
"When  silica  is  dissoU^ed  in  solution  of  caustic  soda  in  such  piO])oition 
as  to  contain  an  atom  of  silica  and  an  atom  of  soda,  the  concentrated 
solution  concretes  in  a feAV  days  into  crystals,  some  of  Avhich  include  (), 
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and  some  9 atoms  of  water;  tlie  former  are  oblique  rbombic  prisms,  the 
latter  rectangular  prisms.  (Fritzsche.  Poggeiid.^  135.) 

Tersilicate  of  Soda,  Na0,3Si02,  is  obtained  by  fusing  together 
100  parts  of  pulverized  silica,  and  40  of  caustic  soda:  on  rapidly  cooling 
the  resulting  glass  it  is  transparent,  but  if  slowly  cooled,  it  exhibits  cry- 
stalline points;  it  is  brownish,  and  contains  about  24  pe?'  cent,  of  soda. 
(Dumas.)  When  3 parts  of  pow^dered  quartz  and  2 of  dry  carbonate  of 
soda  are  fused  together  in  a platinum  crucible,  the  glass  which  results, 
after  having  been  washed  with  cold  water,  yields  a solution  in  boiling 
water  from  which  alcohol  throws  down  a white  precipitate;  when  this  is 
redissolved  in  water,  and  again  precipitated  by  alcohol,  it  forms  a trans- 
parent substance  on  drying,  which  is  a tersilicate:  this  is  said  to  be  the 
compound  held  in  solution  in  the  waters  of  the  geysers,  or  boiling  foun- 
tains of  Iceland.  (Forchammer.  Pog-gewc?.,  XXXV.  343.) 

A hydrated  Quatersilicate  of  Soda,  NaO,4SiO,12HO,  was  obtained 
by  Walcker  {Quart.  Journ.  Science  and  Arts,  2nd  Ser.,  iii.  371,)  by 
saturating  a boiling  solution  of  caustic  soda  with  precipitated  silica, 
filtering,  evaporating,  and  drying  the  residue  at  242°:  it  is  a pale  yellow’ 
transparent  glass,  deliquescent,  and  difficultly  soluble  in  W’ater:  when 
heated  to  redness  it  loses  w’ater,  and  becomes  a spongy  and  very  diffi- 
cultly fusible  mass  wffiich  does  not  attract  aerial  moisture. 

Silicate  of  Lime.  Silica  and  lime  may  be  combined  by  fusion,  but 
the  results  of  their  mutual  action  have  not  been  minutely  examined. 
Under  the  article  Glass,  in  Aikin’s  Dictionary,  some  valuable  facts  will 
be  found  in  reference  to  these  combinations.  There  are  some  minerals 
■which  are  silicates  of  lime.  Table  spar,  or  Wollastonite,  is  Ca0,Si02. 
(H.  Rose.)  Dauhurite  is  Ca0,Si02,H0 ; (Shepard,  Sillimans  Amer. 
Jonrn.,  xxv.  137;)  imd  Okenite,  or  Dysklasite,  is  Ca0,2Si02,2H0. 
(Kobell.)  Apophyllite  is  a hydrated  silicate  of  lime  and  potassa,  the 
formula  of  wdiich  is  K0,8Ca0,i5Si02, 16110.  (Stromeyer.) 

Silicate  of  Baryta.  2 parts  of  silica  and  1 of  baryta  fuse  together 
into  a porous  slag.  A similar  combination  may  be  obtained  with  strontia. 
(Kirwan.  Yauquelin.) 

Silicate  of  Magnesia.  Several  minerals  appear  to  be  definite  com- 
pounds of  silica  and  magnesia.  Olivin,  and  chrysolite,  are  disilicates  of 
magnesia  =:  2Mg0,Si02,  with  variable  proportions  of  oxide  of  iron. 
Villarsite,  a mineral  analyzed  by  Dufrenoy,  {Comptes  Rendns,  xiv.  698,) 
is  2[2Mg0,Si02]  + HO;  and  the  varieties  of  noble  serpentine  are 
hydrated  subsilicates  of  magnesia.  In  the  slags  of  smelting  furnaces 
crystallized  products  are  not  unfrequent,  which  are  double  silicates  of  lime 
and  magnesia.  (Berthier;  Mitscherlich,  Ann.  Ch.  et  Ph.,  xxiv.  355.) 
Equal  weights  of  lime,  magnesia,  and  silica,  may  be  fused  into  a green 
glass,  wffiich  strikes  fire  with  steel.  (Aciiard.)  1 atom  of  lime,  1 of 
magnesia,  and  2 of  silica  yield  a pale  bluish-green  glass  with  granular 
fracture.  Sefstrom  and  Berthier  have  described  several  of  these  double 
silicates,  and  a great  variety  of  minerals  are  similarly  constituted. 

Silicates  of  Manganese.  By  fusing  together  1 atom  of  silica  and  2 
of  protoxide  of  manganese,  Berthier  obtained  a crystalline  silicate  resem- 


SILICATES. 


1131 


bling  chrysolite.  Thomson  {Mineralogy^  i.  514,)  has  described  a mineral 
from  Ne\y  Jersey  Avhich  is  apparently  2Mn0,Si02,  and  there  are  several 
other  native  silicates  and  hydrated  silicates  of  the  oxides  of  manganese. 

Silicates  of  Iron.  These  compounds  are  often  found  in  the  slags 
from  the  smelting  of  the  ferro-sulphurets  of  copper.  Davy  found  the 
ochraceous  sediment  of  the  chalybeate  springs  of  Lucca  to  consist  of 
silicate  of  peroxide  of  iron^  tlie  water  probably  holding  a protosilicate  in 
solution.  There  are  several  minerals  which  are  silicates,  or  hydrated  silL 
cates  of  iron. 

Silicate  of  Zinc  occurs  native  under  the  name  of  electric  calamine: 
it  crystallizes  in  rhombic  prisms,  composed  of  2 atoms  of  oxide  of  zinc, 
1 of  silica,  and  1 of  Avater. 

Silicate  of  Copper  is  thrown  down  of  a green  color  upon  the  mix- 
ture of  sulphate  or  nitrate  of  copper  with  silicate  of  potassa.  It  occurs 
native  in  diopiase,  or  copper-emerald^  which  is  — Cu0,Si02,II0.  The 
silicate  of  the  dioxide  of  copper  is  of  a deep  purple,  but  it  is  difficult  to 
obtain  this  tint  of  a pale  color  in  glass,  in  consequence  of  the  intense 
hue  given  by  a small  proportion  of  the  oxide,  and  the  facility  with 
AYhIch,  in  a dilute  state,  it  passes  into  green  from  the  absorption  of 
oxygen.  IMany  of  the  ancient  stained  glasses,  wdiich  w^ere  supposed  to 
be  colored  by  gold  (or  by  purple  of  Cassius),  derive  their  tints  from 
copper,  and  are  stated  by  Dumas  to  consist  of  a thin  film  of  deep  purple, 
attached  to  colorless  glass : the  ingenious  process  by  wdiich  this  was 
effected,  consists  in  dipping  the  blowdng-tube  first  into  the  deeply  colored 
copper  glass,  and  then  taking  up  upon  it  a sufficient  quantity  of  ordinary 
glass;  on  blowing,  this  extends  so  as  to  produce  a thin  transparent  film 
of  the  copper  glass  upon  the  interior  of  the  blown  mass.  A purple 
glass  is  obtained  by  fusing  common  glass  with  peroxide  of  iron  and 
excess  of  sulphuret  of  copper,  by  which  sulphuret  of  iron  and  dioxide  of 
copper  are  formed:  in  this  case,  however,  a little  oxide  of  iron  ahvays 
remains  in  the  glass.  An  opaque  red  or  veined  glass,  is  easily  obtained 
by  dioxide  of  copper. 

^ Silicate  of  Lead.  This  compound  exists  in  flint-glass,  and  is  often 
used  as  a glaze  for  porcelain  or  earthenwmre,  hence  the  poisonous  quality 
conferred  upon  certain  articles  of  food,  when  kept  in  earthen  vessels  thus 
glazed.  A silicate  of  lead  is  easily  formed  (of  variable  composition)  by 
fusing  silica  wdth  oxide  of  lead;  a yellow  glass  is  the  result.  Some  of 
the  Chinese  figures  (often  said  to  be  made  of  rice)  are  a glass  composed 
of  41  oxide  of  lead,  39  silica,  7 alumina.  (Klaproth.)  The  action  of 
oxide  of  lead  upon  crucibles  at  a red-heat,  arises  out  of  the  formation  of 
this  silicate. 

Silicate  of  Bismuth  appears  to  exist  native  in  the  mineral  termed 
Bismuth  Blende,  or  Bismuthite,  which,  according  to  Kersten,  {Poggend., 
xxvii.,)  contains  Bi03,2Si02. 

Silicates  of  Alumina.  The  different  kinds  of  clay  are  probably 
mixtures,  rather  than  compounds,  of  silica,  alumina,  and  water.  The 
best  cla3"S  for  the  purposes  of  pottery  are  said  to  contain  about  y2 
p)er  cent,  of  silica  and  28  of  alumina.  The  following  are  the  prin- 
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cipal  varieties  used  here.  1.  Vorcelain  Clay^  derived  principally  from 
the  decomposition  of  felspar,  and  containing  silica  and  alumina,  some- 
times with  traces  of  oxide  of  iron;  it  is  very  difficult  of  fusion.  2.  Marly 
Clay^  which,  with  silica  and  alumina,  contains  a portion  of  carbonate  of 
lime;  it  is  much  used  in  making  pale  bricks,  and  as  a manure;  and  when 
highly  heated  enters  into  fusion.  3.  Pipe  Clay^  which  is  very  plastic 
and  tenacious,  and  requires  a higher  temperature  than  the  preceding  for 
fusion;  when  burned  it  is  of  a cream-color,  and  used  for  tobacco-pipes 
and  white  pottery.  4.  Potters’  Clay  is  of  a reddish  or  grey  color,  and 
becomes  red  when  heated;  it  fuses  at  a bright  red-heat:  mixed  with  sand 
it  is  manufactured  into  red  bricks,  and  tiles,  and  is  also  used  for  coarse 
pottery*. 

Pottery  and  Porcelain.  The  better  kind  of  pottery^  called  in  this 
country  Staffordshire  ware^  is  made  of  an  artificial  mixture  of  alumina 
and  silica;  the  former  obtained  in  the  form  of  a fine  clay,  from  Devon- 
shire chiefly  t,  and  the  latter,  consisting  of  chert  or  flint,  which  is  heated 
red-hot,  quenched  in  water,  and  then  reduced  to  powder.  Each  material, 
carefully  powdered  and  sifted,  is  diffused  through  water,  mixed  by  mea- 
sure, and  brought  to  a due  consistency  by  evaporation:  it  is  then  highly 
plastic,  and  formed  upon  the  potter’s  wheel  and  lathe  into  various  circular 
vessels,  or  moulded  into  other  forms,  which,  after  having  been  dried  in  a 
warm  room,  are  inclosed  in  baked  clay  cases  resembling  bandboxes,  and 
called  seggars;  these  are  ranged  in  the  kiln  so  as  nearly  to  fill  it,  leaving 
only  space  enough  for  the  fuel;  here  the  ware  is  kept  red-hot  for  a con- 
siderable time,  and  thus  brought  to  the  state  of  biscuit.  This  is  after- 
wards glazed^  which  is  done  by  dipping  the  biscuit- ware  into  a tub 
containing  a mixture  of  about  60  parts  of  litharge,  10  of  clay,  and  20  of 
ground  flint,  diffused  in  water  to  a creamy  consistence,  and  when  taken 
out,  enough  adheres  to  the  piece  to  give  an  uniform  glazing  when  again 
heated.  The  pieces  are  then  again  packed  up  in  the  seggars,  with  small 
bits  of  pottery  interposed  between  each,  and  fired  in  a kiln  as  before. 
The  glazing-mixture  fuses  at  a very  moderate  heat,  and  gives  an  uniform 
glossy  coating,  which  finishes  the  process  Avhen  it  is  intended  for  common 
white  ware.”  (Aikin’s  P)ictionary.  Art.  Pottery.) 

The  presence  of  lead  in  glazes  is  often  objectionable,  and  may  be  dis- 
pensed with  by  using  borax,  which,  however,  is  too  expensive  for  common 
use.  A glaze,  composed  of  100  parts  of  silica,  80  pearlash,  10  nitre. 


* It  was  my  intention  to  have  intro- 
duced in  this  place  a summary  of  the  com- 
position of  the  princij^al  minerals  which 
come  under  the  designation  of  silicates,  and 
which,  of  course,  are  very  numerous  and 
important ; but  on  referring  to  the  best 
analytical  authorities  upon  the  subject,  I 
have  found  insuperable  difficulties  in  the 
way  of  perspicuously  abridging  their  details 
or  throwing  tbe  results  of  their  inquiries 
into  clear  and  useful  formulse  ; these  diffi- 
culties arise  partly  out  of  the  inherent  com- 
plexity of  the  subject  and  the  discrepancies 
of  analysis,  and  partly  out  of  the  confused 
and  eminently  objectionable  system  of  no- 


menclature which  prevails  among  minera- 
logists, the  same  mineral  having  frequently 
several  names,  and  different  minerals  the 
same  name  ; these  names  being  indiscrimi- 
nately derived  from  persons,  places,  pro- 
perties, and  things ; so  that  notwithstanding 
the  assistance  which  I might  have  derived 
from  Rammelsberg,  (Worterhuch  des  Che- 
mischen  Theils  der  Mineralogies  and 
from  L.  Gmelin,  {Handhuch,  IL  227,)  I 
have  been  obliged  to  abandon  the  attempt. 

f Fownes  has  detected  traces  of  phos- 
phoric acid  in  the  clay  which  results  from 
the  decomposition  of  the  felspar  of  the 
Dartmoor  granite.  {Phil.  7>aw.s.,  1844, 53.) 
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and  20  lime,  fused  into  a glass  and  finely  powdered,  is  said  to  be  effectual. 
{Chein.  Gaz.^  October,  1843.)  A variety  of  glazed  cast-iron  vessels  for 
culinary  and  other  purposes  are  now  manufactured,  in  Avhicli  the  absence 
of  lead  ill  the  glaze  is  most  important:  those  made  hy  JMessrs.  Clark,  of 
Wolverhampton,  receive  two  coats  of  glaze;  the  first,  or  under  coat,  is 
made  by  fusing  together  (36  parts  of  powdered  calcined  flint,  and  34  of 
borax:  40  parts  of  this  fused  mass,  and  5 of  potters’  clay,  are  then 
ground  together  in  water,  and  applied  in  the  liquid  state  to  the  clean 
surface  of  the  iron:  when  this  is  dry  enough  to  adhere,  the  outer  coat  is 
applied  upon  it  in  the  form  of  powder,  and  the  two  coats  fired  together 
in  a muffle  : the  outer  glaze  consists  of  15  parts  of  borax,  73  of  powdered  • 
plate,  crown,  or  other  glass  free  from  lead,  and  12  parts  of  soda. 

The  patterns  upon  ordinary  porcelain,  which  are  chiefly  in  blue,  in 
consequence  of  the  facility  of  applying  cobalt,  are  generally  first  printed 
off  upon  paper,  Avhich  is  applied  to  the  plate  or  other  article  while  in  the 
state  of  biscuit ; the  color  adheres  permanently  to  the  surface  when  heat 
is  properly  applied. 

The  manufacture  of  porcelain  is  a most  refined  branch  of  art;  t]ie 
materials  are  selected  with  the  greatest  caution,  it  being  necessary  that 
the  compound  should  remain  perfectly  white  after  exposure  to  heat : it  is 
also  required  that  it  should  endure  a very  high  temperature  without 
fusing,  and  at  the  same  time  acquire  a semivitreous  texture  and  a peculiar 
degree  of  translucency  and  toughness.  These  qualities  are  united  in. 
some  of  the  Oriental  porcelain,  or  Cliina^  and  in  some  of  the  old  Dresden, 
but  they  are  rarely  found  co-existent  in  that  of  modern  European  manu- 
facture. Some  of  the  French  and  English  porcelain,  especially  that 
made  at  Sevres  and  at  Worcester,  is  extremely  white,  and  duly  translu- 
cent, but  it  is  more  apt  to  crack  by  sudden  changes  of  temperature;  more 
brittle,  and  consequently  requires  to  be  formed  into  thicker  and  heavier 
vessels;  and  more  fusible  than  the  finest  porcelains  of  Japan  and  China. 

The  colors  employed  in  painting  porcelain  are  the  same  metallic 
oxides  used  for  coloring  glass,  and  in  all  the  more  delicate  patterns  they 
are  laid  on  with  a camel-hair  pencil,  and  generally  previously  mixed  with 
a little  oil  of  spike-lavender  or  of  turpentine.  Where  several  colors  are 
used,  they  often  require  various  temperatures  for  their  perfection;  in 
which  case  those  that  bear  the  highest  heat  are  first  applied,  and  subse- 
quently those  which  are  brought  out  at  lower  temperatures.  This  art  of 
painting  on  porcelain  or  in  enamel  is  of  the  most  delicate  description; 
much  experience  and  skill  are  required  in  it,  and  with  every  care  there 
are  frequent  failures;  hence  it  is  attended  with  considerable  expense. 
The  gilding  of  porcelain  is  generally  performed  by  applying  finely-divided 
gold  mixed  up  with  gum-water  and  borax;  upon  the  application  of  heat 
the  gum  burns  off,  and  the  borax  vitrifying  ujion  the  surface  causes  the 
gold  firmly  to  adhere;  it  is  afterwards  burnished^. 

Crucibles.  In  the  manufacture  of  various  kinds  of  pottery  employed 
in  the  chemical  laboratory,  and  especially  in  regard  to  crucibles^  many 
difiiculties  occur;  and  many  requisites  are  necessary,  Avhich  cannot  be 
united  in  the  same  vessel:  to  the  late  Mr.  M eclgwood  we  are  indebted 


* Porcelain,  for  chemical  purposes,  is  now  supplied  of  superior  excellence  fiom  the 
Berlin  and  Dresden  manufactories. 
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for  vast  improvements  in  this  as  well  as  in  other  branches  of  the  art. 
Crucibles  composed  of  one  part  of  pure  clay  mixed  with  about  three 
parts  of  coarse  and  pure  sand,  slowly  dried  and  annealed,  resist  a very 
high  temperature  Avithout  fusion,  and  generally  retain  metallic  sub- 
stances; but  Avhere  the  metals  are  suffered  to  oxidize,  there  are  few 
which  do  not  act  upon  any  earthen  vessel,  and  some  cause  its  rapid 
fusion,  as  the  oxides  of  lead,  bismuth,  &c.  Where  saline  fluxes  are  used, 
the  best  crucibles  will  always  suffer,  but  platinum  may  often  be  employed 
in  these  cases,  and  the  chemist  is  thus  enabled  to  combat  many  difficulties 
which  were  nearly  insurmountable  before  that  metal  Avas  thus  applied. 
Whenever  silicious  and  aluminous  earths  are  blended,  as  in  the  mixture 
of  clay  and  sand,  the  compound  softens,  and  the  vessel  loses  its  shape 
Avhen  exposed  to  a long-continued  Avhite  heat,  and  this  is  the  case  Avith 
the  Hessian  crucibles:  the  most  refractory  of  all  vessels  are  those  made 
entirely  of  clay,  coarsely-poAvdered  burned  clay  being  used  as  a substitute 
for  the  sand.  Such  a compound  resists  the  action  of  saline  fluxes  longer 
than  any  other,  and  is  therefore  used  for  the  pots  in  glass-furnaces.  A 
Hessian  crucible  lined  Avith  purer  clay  is  rendered  much  more  retentive ; 
and  a thin  china  cup,  or  other  dense  porcelain,  resists  the  action  of  saline 
matters  in  fusion  for  a considerable  time.  Plumbago  is  a very  good 
material  for  crucibles,  and  applicable  to  many  purposes;  AA'hen  mixed 
Avith  clay  it  forms  a very  difficultly-fusible  compound,  and  is  protected 
from  the  action  of  the  air  at  high  temperatures;  it  is  Avell  calculated  for 
small  table-furnaces.  Wrought -iron,  and  the  best  cast-iron  crucibles,  are 
used  for  the  fusion  of  several  metallic  substances  which  melt  at  a bright 
red-heat.  The  latter  are  used  in  the  Mint  for  the  fusion  of  silver;  the 
gold  is  melted  in  black-lead  or  plumbago  pots. 

Lutes.  Under  the  term  hides  a variety  of  compounds  are  used  by 
the  practical  chemist  for  the  purpose  of  securing  the  junctures  of  vessels 
or  protecting  them  from  the  action  of  heat.  Slips  of  wetted  bladder, 
linseed  meal  made  into  a paste  with  gum-Avater,  Avhite  of  egg  and  quick- 
lime, glazier’s  putty,  which  consists  of  chalk  and  linseed  oil,  and  fat  lute^ 
composed  of  pipe-clay  and  drying  oil,  well  beaten  to  a stiff  mass,  are  very 
useful  lutes  for  retaining  fumes  and  vapors  and  joining  vessels  to  each 
other,  but  earthy  compounds  are  required  to  Avithstand  the  action  of  a 
high  temperature.  Windsor  loam,  or  an  artificial  mixture  of  clay  and 
sand  Avell  beaten  into  a stiff  paste,  and  then  thinned  Avith  Avater  and 
applied  by  a brush  in  successive  layers,  to  retorts,  tubes,  gun-barrels,  &c., 
enables  them  to  hear  a very  high  temperature;  if  a thick  coating  is 
required,  great  care  should  he  taken  that  the  cracks  are  filled  up  as  it 
dries,  and  often  a little  tow  mixed  up  Avith  the  lute  renders  it  more  per- 
manent and  applicable.  If  the  lute  is  intended  to  vitrify,  as,  for  instance, 
to  prevent  the  porosity  of  earthenAvare  at  high  temperatures,  a portion  of 
borax  or  of  red-lead  may  he  mixed  up  Avith  it.  Respecting  the  selection 
and  management  of  crucibles,  lutes,  &c.,  the  reader  is  referred  to  Mr. 
Faraday’s  Manipulation. 

Mortars  and  Cements.  Mortar.,  or  the  cement  used  in  building,  is 
a compound  of  several  earthy  substances,  one  of  AA'hich  is  ahvays  lime  ; 
for  much  valuable  information  relating  to  this  important  subject  Ave  are 
indebted  to  the  late  Mr.  Smeaton,  {History  of  the  Eddystone  Lighthouse,') 
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and  an  excellent  summary  of  the  principal  facts  connected  Avith  it  Avill  he 
found  in  Aikin’s  Diclionarij.  (Art.  Cements.)  The  ordinary  mode  of 
making  mortar  consists  in  mixing  a quantity  of  common  sand  with  slaked 
lime,  Avithoiit  any  careful  attention  to  the  quantity  or  purity  of  the  mate- 
rials; but  it  has  been  shown  by  Smeaton,  that  the  presence  of  unhurnt 
clay  prevents  the  induration  of  the  mortar,  and  the  sand  used  in  London 
always  contains  it;  the  lime  too  is  often  imperfectly  burned  and  seldom 
duly  selected ; that  which  contains  a portion  of  alumina  and  oxide  of  iron 
being  preferable  to  the  purer  varieties : hence  the  advantage  of  Dorking 
lime  or  meagre  lime,  as  it  is  usually  called.  The  sand  should  he  sharp 
and  large-grained,  and  perfectly  free  from  salt,  Avhich  always  prevents  the 
mixture  from  becoming  hard.  The  addition  of  calcined  ferruginous  clay, 
or  calcined  basalt,  or  black  oxide  of  iron,  gives  mortar  the  property  of 
becoming  hard  under  water. 

The  mutual  action  Avhich  the  substances  constituting  the  different 
kinds  of  mortar  undergo,  has  hitherto  been  but  imperfectly  examined  by 
the  chemist ; to  IM.  Yicat  Ave  are  indebted  for  a curious  and  important 
series  of  experiments  upon  this  subject,  and  his  Avork  may  be  consulted 
with  much  advantage,  by  those  Avho  are  concerned  in  investigations  of 
this  nature.  (^Recherches  Experirnentales  sur  les  Chaux  de  Construction, 
les  Retons,  el  les  Mortiers  ordinaires.  Paris,  1818.  See  also  Ann.  Ch. 
et  Ph.,  3 Ser.  ii.  426;  and  in  reference  to  all  these  subjects,  Dumas, 
Chim.  app.  aux  Arts.)  , 


Manufacture  op  Glass.  Of  this  important  and  extensive  subject 
I have  only  room  for  a very  brief  outline  : for  details  I must  refer  to  the 
authorities  quoted,  to  the  volume  of  Lardner’s  Cyclopcedia,  Avhich  treats 
upon  the  manufacture  of  glass  and  pottery,  and  to  Dumas’  AVork  above 
quoted,  and  to  Ure's  Diclionarij  of  Arts,  Sjc. 

Glass  is  essentially  composed  of  silica  Avith  potassa  or  soda,  other 
substances  being  added  for  particular  purposes.  The  silica  used  in  the 
manufacture  of  glass,  is  of  various  degrees  of  purity ; fine  Avhite  sand  is 
generally  employed  in  this  country ; flints,  and  Avhite  quartz  pebbles  are 
also  occasionally  used.  The  alkali  is  either  potassa  or  soda;  purified  soda 
or  pearlash  being  preferred  for  fine  glass  ; Avhile  less  pure  alkalis,  such  as 
Avood-ash,  barilla,  and  kelp,  are  used  for  common  glass,  Avhere  the  impu- 
rities contained  in  those  substances  are  of  no  importance.  Ihe  alkali, 
originallv  in  the  state  of  carbonate,  loses  carbonic  acid  during  combination 
Avith  the  silica;  the  quantity  employed  being  usually  about  half  the  AA'cight 
of  the  silica*. 


* All  common  glass  when  reduced  to  a 
fine  powder  is  more  or  less  acted  on  by 
boiling  water,  which  separates  the  alkali, 
and  its  entire  disintegration  seems  only  to 
be  prevented  by  the  insolubility  of  the  silica. 
Indeed,  if  finely-powdered  flint-glass  be 
placed  upon  turmeric-paper  and  merely 
moistened,  it  powerfully  reddens  the  test. 
Glass  which  has  long  been  exposed  to  the 
weather  frequently  exhibits  a beautiful 
iridescent  appearance,  and  is  so  far  decayed 
that  it  may  be  scratched  with  the  nail : se- 
veral years  ago  I examined  some  bottles  of 


wine  which  had  lain  in  a wet  cellar  near  the 
Bank,  upwards  of  150  years,  having  been 
deposited  there  (as  circumstances  proved^ 
previous  to  the  great  fire  of  London  in 
1666.  The  glass  was  soft  and  greatly  cor- 
roded upon  the  surface,  in  consequence  ot 
the  abstraction  of  its  alkali.  Ihe  wine  ap- 
peared to  have  been  INIalaga  and  Claret: 
the  latter  had  perished,  but  the  former  was 
still  vinous.  See  Q'lart.  Jonrn.,  xx.  262, 
where  there  is  a paper  on  the  solubility  ot 
glass  by  INlr.  T.  Gritfiths. 
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A glass  composed  solely  of  silica  and  alkali  requires  a very  high  tem- 
perature for  its  perfect  fusion,  and  is  very  difficult  to  work,  so  that 
various  substances  are  added,  Avith  the  intention  of  forming  a more 
fusible,  colorless,  dense,  and  transparent  compound:  oxide  of  lead^  in  the 
form  of  litharge  or  minium,  is  very  efficacious  in  this  respect:  it  increases 
the  fusibility  of  the  compound,  gives  it  greater  tenaciousness  Avhen  red- 
hot,  increases  its  refractiA^e  poAver,  and  enables  it  to  hear  sudden  changes 
of  temperature.  It  is  a copious  ingredient  in  the  London  flint-glass^ 
celebrated  for  its  brilliancy  Avhen  cut,  and  used  for  most  optical  purposes. 
But  lead,  though  it  confers  these  adAmntages,  is  productive  of  some  evil; 
it  renders  the  glass  so  soft  as  easily  to  scratch,  and  so  fusible  that  it 
softens  at  a dull  red-heat,  a quality  AAdiich,  though  sometimes  desirable, 
is  often  disadvantageous  in  its  chemical  applications.  It  is  also  very 
difficult  to  obtain  a mass  of  glass  containing  lead,  of  equal  density 
throughout ; it  is  generally  Avavy,  a defect  especially  felt  in  selecting 
glass  for  optical  purposes. 

Boracic  acid  and  borax  form  an  admirable  flux  for  glass-making,  hut 
the  expense  of  those  materials  confines  them  almost  entirely  to  the 
manufacture  of  artificial  gems,  or  of  glass  applicable  to  particular  purposes 
onh^ 

Black  oxide  of  manganese  has  long  been  used  in  glass-making;  it  AA^as 
formerly  called  glass-soap,  a term  implying  its  power  of  cleansing  certain 
impurities,  and  especially  the  green  tinge  Avhich  is  apt  to  arise  from 
impure  alkali ; but  if  it  be  added  at  all  in  excess,  it  communicates  a 
purple  tinge,  more  or  less  intense  according  to  its  quantity.  This  purple 
hue  is  destroyed  by  charcoal,  or  by  thrusting  a billet  of  Avood  into  the 
glass-pot,  Avhich  causes  a slight  effervescence,  and  the  color  disappears. 
There  can  be  little  doubt  that  the  carbon  acts  by  deoxidizing  the  man- 
ganese, for  if  a little  nitre  be  added,  the  purple  color  returns.  Lime  in 
very  small  quantities,  (8  or  10  parts  of  chalk  to  100  of  silica,)  is  some- 
times added  to  glass : it  acts  as  a flux,  but  it  endangers  the  transparency 
of  the  compound. 

White  arsenic  is  also  used  as  a very  cheap  and  poAverful  flux ; and 
nitre,  in  small  quantities,  is  employed  to  destroy  any  impurities  arising 
from  carbonaceous  matter. 

The  materials  for  the  manufacture  of  glass  are  sometimes  submitted 
to  an  operation  called  frilling,  before  they  are  transferred  to  the  regular 
glass-furnace.  It  consists  in  exposing  them  to^a  dull  red-heat,  by  Avhich 
moisture  and  carbonic  acid  are  expelled,  and  a slight  degree  of  chemical 
action  induced ; this  also  prevents  the  excessive  swelling  up  of  the 
materials  in  the  glass-pots,  and  renders  the  process  of  vitrification  more 
certain  and  expeditious.  The  term  frit,  hoAA^ever,  is  now  generally  applied 
to  the  mere  mixture  of  materials,  Avhich,  Avithout  previous  preparation, 
are  at  once  melted  in  the  furnace. 

The  glass-pots  are  placed  round  a dome-shaped  furnace,  built  upon 
arches,  and  open  beneath  for  the  free  admission  of  air;  there  are  generally 
six  in  each  furnace,  and  they  are  entirely  enclosed  except  at  an  orifice  on 
the  side,  opening  into  a small  recess  formed  by  the  alternate  projections 
of  the  masonry  and  the  flues,  in  Avhich  recess  the  Avorkmen  stand.  Coal 
is  the  fuel  employed,  and  the  furnace  is  so  built  that  a rapid  current  of 
flame  may  be  directed  round  each  glass-pot,  which  afterwards  passes  out 
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with  the  smoke  into  tlie  dome  and  chimney,  heating  a broad  covered 
shelf  in  its  passage,  which  is  sometimes  used  as  an  annealing-oven. 

In  the  construction  of  the  furnace  and  pots,  the  greatest  care  is 
required;  especially  in  the  latter,  which  have  not  only  to  resist  long- 
continued  heat,  but  also,  as  far  as  possible,  the  action  of  ingredients 
which  tend  to  accelerate  their  fusion  or  vitrification.  They  are  usually 
made  entirely  of  a refractory  clay,  one  portion  being  crude  or  unburnt, 
and  another  calcined  and  powdered;  the  latter  being  the  remains  of 
former  furnaces  when  pulled  doAvn  for  repairs. 

The  frit  is  introduced  into  the  glass-pots  through  the  side  opening 
above-mentioned,  and  being  heated  to  bright  redness,  becomes  of  a pasty 
consistency,  and  at  length  perfectly  fuses.  A quantitj’’  of  impurities  sub- 
side to  the  bottom  of  the  pot,  and  partly  rise  to  its  surface.  The  scum 
known  under  the  name  of  sandever^,  consists  chiefly  of  saline  substances, 
partly  volatile  at  the  high  temperature  of  the  furnace,  Avhich  are  removed 
from  time  to  time,  and  sold  to  metal  refiners  as  a poAverful  flux.  The 
sandever,  or  glass-gall,  being  separated,  the  materials  gradually  become 
clearer,  abundance  of  air-bubbles  are  extricated,  and  at  length  the  glass 
appears  uniform  and  complete ; the  fire  round  the  individual  pot  is  then 
damped  till  its  contents  accjuire  a consistency  fit  for  AAmrking,  the  AAdrole 
process  requiring  about  48  hours  from  the  time  the  pots  are  filled.  At 
the  Avorking-heat,  which  is  a full  red,  the  glass  has  a very  peculiar  tena- 
cious consistency,  and  as  it  adheres  but  feebly  to  polished  metal,  it  is 
easily  Avrought  and  managed  Avith  iron  tools. 

All  glass  articles  require  to  be  carefully  annealed,  that  is,  suffered  to 
cool  very  sloAA'ly,  otherwise  they  are  remarkably  brittle  and  apt  to  crack, 
and  CAmn  fly  into  many  pieces  upon  the  slightest  touch  of  any  hard  sub- 
stance, as  is  Avell  shown  in  the  small  drops  of  green  glass  suddenly  cooled 
by  dropping  them  into  Avater,  and  called  Rupert’s  drops;  the  instant 
their  thin  end  is  broken  off,  they  crumble  into  a poAvder  Avith  a kind  of 
explosion.  This  j)henomenon,  according  to  Mr.  Aikin,  “ depends  upon 
some  permanent  and  strong  inequality  of  pressure,  for  Avhen  they  are 
heated  so  red  as  to  be  soft,  and  merely  let  cool  of  themselves,  the  property 
of  bursting  is  lost,  and  the  specific  gravity  of  the  drop  increased.”  What 
are  termed  Proofs,  or  Bolog?ia  phials,  are  also  made  of  unannealed  glass, 
and  fly  to  pieces  Avhen  a piece  of  flint  or  other  hard  and  angular  substance 
is  dropped  into  them. 

When  large  masses  of  glass  Avhich  liaAm  been  long  in  fusion  are  suf- 
fered to  cool  sloAAdy,  they  frequently  exhibit  very  singular  crystalline 
appearances ; there  are  often  detached  globular  formations,  of  a very 
peculiar  radiated  texture,  and  looking  exactly  like  foreign  substances 
imbedded  in  the  glass ; sometimes  it  is  opaque  and  crystalline,  bearing  a 
strong  resemblance  to  certain  mineral  products;  in  these  cases  crystalliza- 
tion seems  to  have  influenced  the  affinity  of  the  elements,  and  the  conse- 
quent composition  of  the  products.  Mr.  Watts  experiments  upon  the 
fusion  of  basalt  may  be  consulted  in  reference  to  this  curious  subject. 
{Phil.  Trans.)  The  specific  heat  of  glass,  as  determined  by  Kegnault,  is 


^ This  substance  is  scarcely  known  in 
our  present  glass-houses,  in  consequence  of 


the  pains  bestowed  upon  the  purification  of 
the  materials  employed. 
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0*19768 ; but  tlie  composition  of  the  specimen  which  he  used  is  not  stated. 
{Ann.  Ch.  el  P/i.,  Lxxiii.  34.) 

The  exact  composition  of  the  different  kinds  of  glass  is  scarcely 
known;  the  following  proportions  of  the  materials  are,  however,  given 
in  Messrs.  Aikins*  Dictionary.,  to  which  the  reader  is  referred  for  a 
valuable  article  upon  the  subject  of  glass;  it  must,  however,  be  recol- 
lected, that  the  composition  of  the  perfect  glass  can  only  be  remotely 
anticipated  from  a.  knowledge  of  the  substances  employed  in  its  forma- 
tion, in  consequence  of  the  changes  which  they  undergo,  and  the  volatility 
of  some  of  them,  at  the  high  temperature  to  which  they  are  subjected. 

The  materials  employed  in  the  manufacture  of  the  different  kinds  of 
Mass  in  common  use,  are  stated  to  be  as  follows : 

O •' 

Flint-glass : Specific  gravity  about  3*2 ; 120  parts  of  fine  clear  white 
sand,  40  purified  pearlash,  35  litharge,  13  nitre,  a small  quantity  of  black 
oxide  of  manganese. 

Ci'own- glass.,  or  best  window-glass : 200  parts  of  soda,  300  fine  sand, 
33  lime,  250  ground  fragments  of  glass^. 

Green  Bottle-glass  : 100  parts  of  sand,  30  coarse  kelp,  160  lixiviated 
earth  of  wood  ashes,  30  fresh  wood  ash,  80  brick  clay,  100  fragments  of 
glass. 

Plate-glass.,  invented  by  Abraham  Thevart  in  1688,  was  first  manu- 
factured in  Paris.  It  may  be  composed  of  300  lbs.  fine  sand,  200  lbs. 
soda,  30  lbs.  lime,  32  oz.  manganese,  3 oz.  cobalt  azure,  300  lbs.  fragments 
of  good  glass.  These  materials  are  brought  into  perfect  fusion,  and 
poured  upon  a hot  iron  or  copper-plate ; the  mass  is  then  rolled  out, 
annealed,  and  afterwards  polished  by  grinding  with  sand,  emery,  and 
colcothar.  The  difficulty  of  producing  a perfect  plate  without  specks, 
bubbles,  or  waves,  may  easily  be  conceived,  and  this,  with  the  risk  of 
breakage,  renders  a large  plate  extremely  expensive.  The  influence  of 
long-continued  exposure  to  light  upon  the  color  of  plate  glass,  and  its  ten- 
dency under  such  circumstances  to  acquire  a pink  or  purple  tint,  is  refer- 
able to  the  presence  of  excess  of  oxide  of  manganese.  (See  p.  17L) 

Mr.  Faraday  has  communicated  to  the  Royal  Society  a paper  on  the 
manufacture  of  glass  for  optical  purposes,  containing  much  curious  and 
valuable  information  upon  the  subject  generally,  and  which  should  be 
consulted  by  those  who  are  concerned  in  that  difiicult  branch  of  the  art 
of  glass-making.  He  successfully  availed  himself  of  the  use  of  borate 
of  lead  as  one  of  its  components,  when  a very  dense  and  highly  refractive 
glass  was  required,  and  of  this  he  has  lately  availed  himself  in  his 
researches  relating  to  the  influence  of  magnetism  upon  a polarised  ray. 
(See  note,  p.  258.)  I am  indebted  to  him  for  the  following  analyses  of 
different  specimens  of  flint-glass.  {Phil.  Trans.,  1830.) 


Silica  

Oxide  of  lead 

Potassa  

Alumina 

Oxides  of  iron  and  manganese 


61-93  .. 

..  48-24  .. 

..  44-30 

33-28  .. 

..  40-12  .. 

..  43-05] 

13-77  .. 

..  10-60  .. 

..  11-75 

0*47  .. 

0-58  .. 

0-50 

0-27  .. 

008  .. 

0-12 

99-72 

99-62 

99-72 

* In  the  manufacture  of  all  common  | mixed  up  with  the  raw  materials,  and  is  tech- 
glass  a proportion  of  broken  glass  is  usually  | nically  known  under  the  name  of  Cutlet. 
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Kane  gives  the  following  tabular  view  of  the  composition  of  several 
kinds  of  glass.  {Elem.  Chern.^  720.) 


Constituents. 

Hard 

White  Glass. 

1.  2. 

Crown 

.3. 

Glass. 

4. 

Bottle  Glass. 

5,  (J. 

Crystal. 

7.  . 

Flint  Glass. 

8.  9. 

Silica  

71-7 

G9-2 

C2-8 

C9'2 

60'4 

53'5 

59'2 

51-9 

42-5 

Potassa 

12.7 

15*8 

22' 1 

8*0 

3 '2 

5*5 

9-0 

13-8 

11-7 

Soda 

2-5 

3-0 

3-0 

Lime 

10-3 

76 

12-5 

13'0 

20'7 

29-2 

0-5 

Alumina  .... 

0*4 

1*2 

) .... 

3-6 

10'4 

GO 

1-8 

Magnesia  .... 

. • . . 

2-0 

} 2-6 

0-6 

0 6 

Oxide  of  iron 

0'3 

0'5 

J .... 

I'G 

3'8 

5-8 

0'4 

Oxide  of 

0*2 

1-0 

manganese 

Oxide  of  lead 

.... 

.... 

8-2 

33-3 

43-5 

i 

98*1 

99-3 

lOO'O 

99 '0 

99' 1 

100-0 

97-8 

99-0 

100-0 

No.  1 is  the  hard  difficultly  fusible  Bohemian  glass ; No.  2 is  ordinary 
Bohemian  glass,  more  fusible  than  No.  1 ; No.  3 is  English;  and  No.  4 
German  glass;  Nos.  5 and  6 are  French;  Nos.  7 ^ind  8 English  glass; 
and  No.  9 is  Guinand’s  glass,  for  optical  purposes.  Some  of  the  common 
green  bottle-glass  is  little  else  than  an  impure  silicate  of  lime,  and  is 
generally  easily  acted  upon  by  acids.  I have  seen  conical  concretions, 
in  a wine  bottle  used  for  holding  dilute  sulphuric  acid,  composed  of  layers 
of  silica  and  sulphate  of  lime,  the  glass  being  very  thin,  and  even  in  places 
perforated  at  the  base  of  each  concretion ; and  Warington  has  since 
remarked  the  same  thing,  as  affecting  the  flavor  of  wine;  he  has  given 
the  following  comparative  analyses  of  common  good  bottle  glass,  and  of 
that  with  excess  of  lime.  {Mem.  Ch.  Soc..,  ii.  248.) 


Good. 

Bad. 

Silica 

59-00  

49-00 

Lime  19'90  24‘7o 


Soda  10  00  7’25 


Potash  

1-70  

2-00 

Oxide  of  iron  

7-00  

10-10 

A lumina  

1-20  

4-10 

INIao-nesia  

0-50  

2-00 

Oxide  of  manganese 

trace  

trace 

99', 30 


99-20 


The  art  of  coloring  glass,  and  of  making  artificial  gems,  is  of  an  old 
date,  and  effected  by  metallic  oxides.  The  j^aste  for  artificial  gems  gene- 
rally contains  borax,  and  should  be  kept  in  fusion  till  perfectly  clear. 
The  following  proportions  are  recommended  by  iM.  l)ouault-A\  ieland. 
{Ann.  Ch.  el  Ph.,  xix.  .57-) 

Grains. 


Powdered  rock-crystal 405G 

Red  lead  G300 

Pure  potassa  2154 

Borax  -7G 

White  arsenic 


4 E 


Yol.  II. 
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M.  LaiKjjon  gives  the  following  as  ingredients  for  a good  paste : 

Grains. 


Litharge  100 

White  sand 75 

White  tartar  or  potash  10 


The  metals  employed  as  coloring  materials  are:  1.  Gold.  The  purple 
of  Cassius  imparts  a ruby  tint.  2.  Silver.  Oxide  or  phosphate  of  silver 
gives  a yellow  color.  3.  Iron.  The  oxides  of  iron  produce  blue,  green, 
yellow,  and  brown,  depending  upon  the  state  of  oxidizement  and  quantity. 
4.  Copper.  The  oxides  of  copper  give  a rich  green  ; they  also  produce  a 
red  when  mixed  with  a small  proportion  of  tartar,  which  tends  partially 
to  reduce  the  oxide.  5.  Antimony  imparts  a rich  yellow.  6.  Manga- 
nese. The  black  oxide  of  this  metal,  in  large  quantities,  forms  a black 
glass  ; in  smaller  quantities,  various  shades  of  purple.  7-  Cobalt,  in  the 
state  of  oxide,  gives  beautiful  blues  of  various  shades;  and  with  the 
yellow  of  antimony  or  lead  it  produces  green.  8.  Chrome  produces  fine 
greens  and  reds,  depending  upon  its  state  of  oxidizement. 

White  Enaynel^  is  merely  glass,  rendered  more  or  less  milky  or  opaque 
by  the  addition  of  oxide  of  tin ; it  forms  the  basis  of  many  of  the  colored 
enamels,  which  are  tinged  with  the  metallic  oxides.  Directions  for  the 
preparation  of  several  good  enamel- colors  are  given  by  Mr.  Wynn,  in  the 
Transactions  of  the  Society  of  Arts,  1817?  ^ind  Phil.  Mag.,  Li. 

Avanturin  Glass,  manufactured  at  Murano  near  Venice,  derives  its 
glittering  appearance  from  minute  crystals  of  metallic  copper,  which  form 
beautiful  microscopic  objects.  (Liebig,  Ann.  der  Chem.  iind  Pharm., 
1843.)  By  heating  for  twelve  hours  a mixture  of  300  parts  of  broken 
glass,  40  of  protoxide  of  copper,  and  80  of  iron- scales,  and  allowing  it  to 
cool  slowly,  the  resulting  vitreous  mass  contains  numerous  minute  octo- 
hedral  crystals  of  metallic  copper.  (Fremy  and  Clemandot,  Compfes 
Rendus,  Feb.  1846.) 

The  following  are  the  best  authorities  upon  the  subject  of  colored 
glasses  and  artificial  gems:  Neri,  Art  de  la  Verrerie  ; Kunckel  ; Fon- 
TANIEU,  Encyclopedie  Melhodique;  Ann.  Ch.  et  Ph,,  xiv.  57;  Aiken’s 
Dictionary,  Art.  Glass;  Lardner’s  Cyclopo’dia ; Dumas’  Chun.  app.  anx 
A rts. 


End  or  Fart  11. 
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